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SEQ:1 3 TCGTECTATGCCARATATTTTGCETATTGTTAGTAGT T TAGT T TTGGCCCGCAAACAT 58
SEQ:2 31 R A M PN I L R I V 8§ 8 L VvV L A R X H 19
59 GAATTTTGTTGTTCACATGGTGATAGATTTTATCGCCTTGCGAATGAATGTGCTCAAGTT 118
20 E F ¢C C S H G DR PF Y RULAUMNETCAGQGQUV 39
119 TTGAGTGARATAGTTATGTGTGECGGTTGCTATTATG TTARGCCTEGTGCTACTAGCAGT 178
40 L § E I v M €C 6 G C Y Y V X P GG T S S 59
179 GGTGATGCAACTACTGCTTTTGCTARTTC TG T T T T TAATATATCTCAGGCTIGTTACTGCT 238
60 G DA TTA AT FANSUV FNTICOQQD AVTA 79
239 AATGTTTGTTCTCTTATCGCCTCTAATGGCCATAAGATTGAAGATTTARGTATACGCART 298
80 N V ¢ § L M ACNG GH K I EDILGS I R R 99
299 TTACAAAAACGCTTATACTCTAATGT TTATCGTACAGATTATGTTGATTATACATTTGTT 358
100 L ¢ K R L ¥ § N VYR TDYVDJYTTF V 119
359 AATGAGTATTATGAATTTTTATGTAAGCATTTTAG 353
120 N BE Y Y BE F L ¢C K H P 130

FIG. 1
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SEQ:3 1 GRATAAGAGCOAATTIGCGTCCOTACCGTCTATCAGCTTACGATCTCTTC TCAGATCTCAT 60
E *E R I A S8 V P S8 I 8§ L R S L V R § H
N K $ E L R P VY RUL S AYDILULS D L I
I RANCUVRTV Y QL TTISCOQQTI s

61 TAAATCTAAACTTTTTARACAARGATTCCCTGTTATCCATGCTIGTGAGTGTGETTTAATC 120
* I « T P ¥ T R F P V I H A CECGCGC L I
K 8 K L F X Q b s L L 8 ML V § VvV V v g
L N L N F L N K I P C Y P C L * V W F N

121 ATAATCTTGTATTTTACTTTCCACACTTITTCATCTCTCTGCCAGTGACGTGTTGETTGTC 180
I I L ¥ F T F HTVF H L 5 A 8§ D V L Vv V
* 5 ¢ I L L &8 T UL F I S L PV T CW L S
H N L V F Y F P HPF 8 S L C Q *# RV G C

181 CTCAGCGTCCUTCCCATAGGTCGCARTGATTARARCCAGCARATACGETCTCGGCTTICAR 240
L s v p P I GRND*NOQQGIURSUZ RIL Q
§ A 8 L P *» V. A M I K T S8 K Y ¢ L G F K
P Q R P 8 HR S Q * L K P A NTV S A S8

241 GTGGGCGCCAGAATTTCETTCECTGCTTCCGGATGCAGCGERAGGAGTTGECTAGTCCTAT 300
vV 6 A R I 8 L A A S ¢ C 8 G G V G * 5 ¥
W A P E F R WL L PDAAEEL A S P M
S G R Q NF VGCF RMO©ORIRSWIL V L

301 GARGTCAGATGAGGGTGGETTATGCCCCTCTACTGETCAAGCCATGGAAAGTGTTGGATT 360
E VR * §WUVMPLY WS S DOGIKTCWI
K 8 D EGGLCP S TGN AEMESV G F
* 8 QM R Y G Y AP L L V KRWZ XV L D

361 COTTTATGATAATCATGTCARGATAGRTTGTCGCTGCATTCTTGGACRAGRATGECATGT 420
R L *» *» 8 ¢ EDRIL 8 L HS W TRMATC
VY D NHV KIDC CRTGCTIULSGTUGQEWZRV
§ F M I I M * R * I V A A F L D KNG M

421 GCAGTCAAATCTTATCCOTGATATTTTITCTTCATGAAGATCTACATGTTCTAGAAGTTCT 480
A V XK § ¥ P * Y F C 8 * R S T C CR § &
Q 8 ¥ L, T R DI F¥F VHEUDTILHUYVV E VL
¢ & ¢ I L. s v I ¥ L FP M K I ¥ M L * K F

481 AACTAARAACAGCCGTAARGTCCGGTACGGCAATTTTAATTAAATCACCTTTGCATAGCTT 540
N * N § R K ¥ R Y G N F N * I T P A x L
T K T A V K 8 ¢ T A I L 1 K S P L H 8 L
* L X Q@ P * 8 P VR @QF * L NHIL C I A

FIG. 2
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541 GGETCGTTITCCTAAAGGGTATGTTATGCGCTIGTTCCGTTCATACAAGACTAAACGTTA 600
G W F 8§ * RV C Y 66 L VvV P F I Q@ D * T L
G 6 FP P K G Y VM GEGLF RS Y KTIKRY
W vV V F L K66 M L WA S V HTRL NV

601 TETTGTACATCATCTTTCTATGACTACATCTACTACTAATTTTGGTGAAGATTTITTTEGG 660
¢c ¢ T s 8 F Y DY I ¥ Y * F W * R F F G
vV VH HL 5 Mm T TS TTWNT FGEUDTFDL G
M L ¥ I I ¥ L * L H L L L I L VvV K I F W

661 TTGGATTGTACCTTTTGGTTTTATGCCATCTTATGTTCACAARTGEGTTTCAATTICTGTAG 720
L p ¢ TPF WUPF Y AI L CS QM V S I L *
W 1 v P F G F M P S Y V HKWF Q F C R
vV ¢ L ¥ L L VL., CH L MFTTNGUFUN 8§ V

721 GTTGTATATTGAAGAGAGTGATTTAATAATTICAAAT TTTARATTIGATGATTATGATTT 780
V VY * R E * F NNTVF K F » I * % L % F
L ¥ I EE S DL I T SSNTVFZ XPDDUYTDTF
G € I L XRV I * * F QI L NLMTIMTI

781 TAGTGTAGAAGATGCTTATGCTCAGETTCATGCTCAGCC TAMGGTARATATTCACAAAA 840
* ¢ R R C L € * G 8 C * A * R » I F T X
S VED AY A E VY HAE P K G K Y S Q K
L v * K M L M LhLb,. R FM L S L KV NI HK

841 AGCTTATGCTTTACTTAGACARTATCGTGGTATTAAACCCGTACTTTTTGTAGACCAGTA 900
5 L ¢ Fr T *» T I § W Y * TRTF CR PV
A Y A L L R Q ¥ R G I XK P V L F V D Q Y
X . M L ¥ L D NIV VL NUPZYF L * T 8

901 TCETTGTCACTATTCTCETAAATTAGCAGATTGTCTTCAAGCTTATGEGTCATTATTCTTT 960
W L * L F W * I § R L § 8 s L W 8§ L F F
G ¢ DY § G X L &2 D CUL QgAY G HY § L
M VvV v T I L VN * I VF KL MUV I I L

961 GCAACATATGAGACAAAAGCAGTCTGTATGGCTTGCCAATTGTGACTTTGATATTGTAGT 1020
A R Y E T KA V C M AC QL * L * ¥ C 8
© D MROQX QS VY W L ANCECDFDTIUVYVY
¢C X I * p K 8 § L ¥ 6 L P I ¥ 7T L I L *

1021 GGCTTGGCATGTAGTTCGTGATTCACGATTTIGTTATGCGCCTGCAGACTATAGCTACTAT 1080
G L A €C 8§ 85 * F T I C Y A P A D Y S8 Y Y
A W HUY VRD SRPF YV M RIL QTTIATTTI
W L 6 M * F V I HD L L C A CR L * L L

FIG. 2 CONT.
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1081 TTGTGGTATTAAATATCTTGCACAACCTACAGAAGATGTAGTAGATGGAGATGTAGTTAT 1140
L w Y * 1 ¢ CT TJYRIRCSRWRUGUCS Y
¢C 6 I K YV A QP TEDUVVDGDUV V I
F V V L N ML HNILQIKM* * MEBEM* L

1141 ACGTGRACCTGTACATTTATTATCTGCTCGATGCAATAGTTTTARAGCTTCCTAGTTIGAT 1200
T * T CTF I I C * ¢ ¥ 8 F KA S * F D
R E P VHL L $§A D ATI V L KL P S L M
Y VN L Y I Y Y L L M Q * F * 8 F L V

1201 GAAAGTTATGACTCATATGGATGATT TTTCTATTARATCTATATATAATCTTGATTTCIC 1260
E § ¥ D S Y G * F F Y * I Y I * ¢C * F V¥
K VM THMDD F S5 I K S I ¥YNUVDLC
* K L ¢*# L I WM IPFL L NTILYIMTLTIC

1261 TGATTGTGGTTTTGTTATGCAGTATGGTTATCTAGATTGTTTTAATGATAATTGTGATTT 1320
*L W F C Y AV WL CR L F * % % I, » F
D ¢ GF VMOQY Y VD CFNDUNUGCDF
vV I v VL L ¢ 8§ MV M* I VL M I I VI

1321 TTATGGTTGGGTTTCAGGTAATATCGATGGATGCTTTTTCTTGTCCATTGTGTTGTACAGT 1380
L W L ¢ F R * ¥ D 3 W F F L 8§ I V L Y 8
Y 6 WV 8§ G X MMD$D G F 8 C P L CC TV
F M V G F Q VvV I * W MUV F L VHCV V Q

1381 TTATGACTCTAGCGAARGTTAAAGCCCARTCATCTGETGTTATTCCTGABAATCCTEGTETT 1440
L *# L *# R 8 * § P I I W C Y § * K 8 C Vv
Y D 8§ 8 EV KA QQ 8 8 G V I P ENUPV L
F M T L AK L K P NHL YV L P L K I L C

1441 ATTTACTAATAGTACTGATACTGTTAACCATCGATTCTTTTAATTTGTATGETTATTCTGT 1500
I v *» % ¥ * ¥ C # p * F F * F V WL F C
F T ¥ § T DTV KNKHDGS F NDLYGY § V
Yy . L I Vv L I LLTMILIULIOCGCMUYVIL

1501 CACACCATTTGGTTCTTGTATATATIGGTCAOCGCGTCCTGGATTGTGGATTCCTATAAT 1560
H T I W F L ¥YI L V A A S8 W I VD S ¥ N
T P F G 8 C I YW 8 P R P G L W I P I I
8 H H L VL VY I GRUI RV L DOCUCGUPF L *

1561  TARATCTTCAGTCAAGTCTTATGATGATTIGGTITTATTCAGGTGTAGTAGGTIGTAAATC 1620
* I F 8§ Q V L * *+ F GL F RCSRIL * I
K 8 8§ VK § ¥YDDULUV Y S§ GV V G C X &
L N L 8§ $ L MM IWPEPTIOQUV * * vV VN

FIG. 2 CONT.
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1621

1681

1741

1801

1861

1921

1981

2041

2101

TATTGTTAAAGAAACTGCTCTTATTACTCATGCACT TTACT TAGATTATG TTCARTGTAR
Y ¢ * RN C § Y ¥ S €TULLRTUILTGCSE M *
t vV X ET AL I THALTYTELTDTYUVOQCK

L L L K KL L L L LMHTPEFT*TIMTFHNUV

GTGTEGTAATCTTGAACAAAATCATATTCTTGGCGTTAATAATTCTIGGTICTAGGCAACT
v w * 3 * T K S Y 8 WR * * F L VvV * A T
C 6 ¥ L E QN HIDL GV NUNSWCRDOL
5 v vV 1 L N K I I FL AL I I L G V G K

GTTCCTTAATAGAGCTCATTATAATATGCTTCTAAAAAATATTGACTTGTTTGCTTAMGCG
v A * *« R * L, * ¥ A 8 K K Y * L VvV € * 1

L L MR G D VY N ML L KNI DILVF VvV KR
¢ ¢ L I EV I I I CPF *» K I LTCIL L 8

TCGTGCTGATTTTGCTTGCAAGTTTGCAGT TTGTGGAGATGGTTTTGTACCTTTTTTACT
5§ ¢ *»F L Q VC S L WU RWUVFOCTU FUVFT
R A D F A ¢ K F AV ¢ G D GG F V P F L L

v vV L I L L A S L Qg F Y E MV L Y L B Y

AGATGGTTTARTTCCCCCTAGTTAT TATCTAATTCAGAGTGG TATT T TCTTTACATCTTT
R W F N 8§ P * L L 8 N § E W VY P L Y I ¥
D 6 L I P R S Y Y L I Q 8 € I F P T 8 ‘L
* MV + F P V V I I * F RV V F 8§ L H L

GATGTCICAATTTTCACARGAAGTTTCTGATATGTGT T TAAAAATCTGTATTTTETTTAT
b v § ¥ F T R $ F » YV F KNV Y F Vv Y
M 8 ¢ F 8 Q E V § D MC UL XK MC I L F M

* ¢ L N F HKI KV FIL I CV * K C VvV P C L

GGACAGAGTTTCAGTTGCTACATTTTATATAGAGCATTATGT TAATAGETTGGTTACTCA

G Q¢ 8§ F 858 C Y I L ¥ RAIL C * *» Vv g Vv 8§
b R V. 8 VA T VPF Y I EHRH Y VN RUL V T Q

w T E F QL L H F I * § I ML I G W L L

ATTTAAGTTATTGGGCTACTACACTIGT TAATARAATGGTTAATTGGTTTAATACCATETT
I * VvV 1 G Y Y T ¢ * * N G * L VvV * Y H V
F X L L ¢ T 7T L vV N XM V N W F N T ML
N L 8 ¥ W V L HL L I X W L I &L ¢ ¢

AGATGCTAGTGCACCTGCTACAGGCTGCCTTCTTTACCARTTATTGAATGGTCTTTTITGT
R ¢ * ¢ T C Y RLASUL P I I EW S F C
A S A PATGUWVW L L Y QL LN GIL F V
* M L V B L L Q AGCG F F TN Y * M V F L

FIG. 2 CONT.
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2161

2221

2281

2341

2401

2461

2521

2581

2641

AGTATCTCAAGCCAACTTTAATTTTGTTGCTTTAATACCTGATTATGCTAAAATTTTAGT
& I § 8§ ¢ L *» P CCF N T * L C * N FP 8§
v § Q AR F N F V¥V A L I B DY A X I L V
* Y L ¥ P T L I L L L * ¥ L I M L K F ¥

TAATARATTTTACACTTTTTTTRAGTTAT TATTAGAGTGTGTTACAGTTCATGTTTTAAA
*= *« I L H F F * V I I R V C Y § * C F K
N XK F Y T F ¥F KL L L E T VvV T V D V L K
L I ¥ FP T L F L &8 Y ¥ » 8 V L Qg L M F *

AGATATGCCTGETTCTTAAAACTATTARTGGTTTAGTTTGTATTGTAGGCAATAAGTTTTA
R Y A €C 8 * N Y * W PF S L ¥ CRQ* V L
D M P ¥V L, XK T INGLV C IV G N K F Y

XK I ¢ L FL KL L MUYV » F V L * A I §F

TAACGTTAGTACAGESTTAATTCCTGGTTTTGTTTTACCATETAATGCACAGGARCAACA
*+ R * Y R V N § W F CF T M » C T & T T
¥ vV 5 T 6 L I P CF VL P C N AMGQGEQQ
I T L V Q@& * F L VL F Y BV MHRNN

ARTTTATIITTITTGARGECOTTCCAGARATCTGTTATAGTAGABCATCGATCTTATTGAGAA
N L. F F * R R ¢ R I € Y 8 R R * C ¥ * B
I Y F F E GV A E § V I VvV ED PV I BE N
XK F I F L X A L g N L L * * KM ML L R

TCTCAAATCTTCTTTATCATCTTATGAGTATTGTCAACCACCTAAATCTG TAGAAAAAAT
¢ I FFP I I L * VL S T T * I C R KN
¥ K 8 & L 8 8 Y E Y C O P P K 8 V E K I

M 8§ N L L Y H L. M 8 I ¥V N H L N L * K K

TTGTATTATAGATAATATGTACATGGGTAAGTGTGETGATAAATTTTTCCCTATTGTCAT
L Y Y R * ¥Y V H G * VvV W % *x I F P Y C H
¢ I I D N M Y M G K CCG D K F F P I VM

¥ ¥ L +» I I C T WV SV V I NP S L L 8

GARTGATAAAAATATTTGTCTTTTAGATCAGGCTTEECETTITCCATGTGCAGGTAGARA
E » * K ¥ L 8§ FR S G L A F 5 M C R *» K
N D K ¥ I ¢ L L D Qg A W R F P C A G R K
* M I K I F V F *» I R L G V F H V g V E

AGTTAATTTTAACGAGAAACCTCTTGTTATCCAGATTCCOTC TTTGATGACAGTTAAGGT
8§ *» F » R E T C C Y GG D 8V F DD S * G
v N F N BEK PV VMETIU®PSILMTV KV

¥ L I L TR NUL L L WRPFRIL* * Q@ L R

FIG. 2 CONT.
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TATGTTTGATTTAGATTCTACTTTTGATGATATTTTAGGTAAAGTT TGTTCAGAATTTGA
Y v * F R F Y ¥ * * Y F R * 8§ L F R I
M F D L DS T F DD I LG KV C § E P E
L ¢ L I * I L L L M I F * V XK F V Q N L

AGTAGAAAAGGGTETTACTGTAGATCATTTTOTIGCTGT TG TITCTGATCCTATAGAGAA
§ R X G C Y CR * F CCCCL * ¢ Y R E
vV E XK ¢ V T VDDPFV AV VYV CDATI EN

K *» K R Vv L L * M I L L L L P V M L * R

TGCTTTARACTCTTGTANAGAGCATCCAGTGGTTGGTTATCARGTTCGTGCATTTTTAAR
¢ F KL L * R A 8 8 66 W L 8 8 8§ ¢ T ¥ X
A L N § C K EH PV V G Y @V RATVF L N
M L * T L Vv K 8 I ¢ WL VI KX F V HF *

TAAACTTAATGAGAATGTTGTTTATTTATTTGATGAGGCTGGTGATGAAGCAATGGLCCTC
* T *» * E O C L F I * *» G W * * 8§ N G L
K L NE NV VY L FDEAGDUE AMA S
I N LM RMUL F IYLMWPRULVMIKTOGQUWP

TCGTATGTATTGTACTTTTGCTATTGAGGATGTTGAAGACGTTATCAGTAGTGAAGCTET
s Yy vL Yy ¢CYy *» 6 C * R RY Q ¥ *» 8§ C
R M ¥ ¢ T F A I B D V E D V I 8 8 E a Vv
L v ¢ 1V L L L L EML KT L 8 V V K L

CCAAGATACTATTCATECTGTCOTTCGAAGACACTATTAATGACCATCAACATETTETTAC
R R ¥ ¥ * W C R * R H Y ¥ * R * R C ¢ Y

E P T I p GV V EDTTINDUDEDVYUVT
g K I L L MV § L K T L L MTMUE KMIUL L

TGGTCACAATGACGATGAAGATGTTCTTACTGGTCACAATGACGATGAAGATGTTGTTAC
W * ¢ *» R * R C C Y W *» Q * R * R C C Y
G D N DD EDV VWV T GD®NDUDEDUVY VT
L vT?MTMXKXK ML L LV ITMTMKMUL L

TGGTGACAATGACGATCAAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC
w * Qg * R * R C C ¥ W * ¢ * R * R C C Y
G p N DDEDVV TGDNDDDEDV VT

L VT M TMEKXK ML L L V TMTM¥KMILL

TEGTCACAATGACGATGAAGATETTGTTACTGGTCACAATGACGATGAAGATGTTIGTTAC
W * Q * R * R C CY W<* Q *» R * R CC Y
G D W DD EDV VT GGDNDDEDV VT

L v T MTMKMILL LV TMTMEKMTILL

FIG. 2 CONT.
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3241

3301

3361

3421

3481

3541

3601

3661

3721

TGETCACAATGACCATCAAGATCTTCTTACTCCTAACAATEACCATGARCATETTETTAC
W * g * R *» R CCY W * @ * R * R C (¢ Y

G o N PDEDV VT GDWNDDDEDUV VT
L VT M TMEKMILUDLDULV T M TMIEKMILL

TGGTGACAATGACGATGAAGATGTTCTTACTGGTGACAATCACGATGAAGATGTTETTAC

W * @ * R *+ R C C ¥ W * Qg * R * r ¢ C ¥
G DN DD EDWV VTG DNDDEDV VT

L v T M TMKMUL L LV TMTMIKMUL L

TGETGACAATGACGATGARGATGTTGTTACTCGTGACAATGACGATGARGATEGTTETTAC
W *» ¢ * R * R CCY W *» Q * R * R C C Y

¢ DN DD EDV VT GD N DDEDUV VT
L v T M T M K ML L L V T M TMKEK M L L

TGGTGACAATGACGATCGAAGATGTTGTTACTGGTGACAATAACGATGRAGAGATTGTTAC
W g * R * R C C Y ¥W * Q * R * R D C ¥

G bDNDDEDVVYVTOGDDNUNDETETIUVT
L v r M T M K M L L L VvV T I TMIKZ RULL

TGGTGACAATCATGACCARATTGTTGTTACTGGTCATGATGTAGATGATATTGARAGTAT
W * Q * * P N C C Y W * *» ¢ R * Y * X Y
G DNDDGQ I VV TGD D V DD I B S$§ I

L v T M M T K L LLLVMM®*MIILIZKV

TTATGACTTTGATACTTATAAAGCTCTTTIAGTITT TARTGATGTCTATAATGATECTTT
L * L * ¥ L * § 8 F & F * * ¢C L * * ¢ P

¥ D F DT Y XAILILVYV F ND VY NDGAL
F M T L I L I KL F *¥F L MM S I MM L

CTTTETTAGTTATGETTCTAGTGT TCAAACACARACATATTTTAAAGTTAATGGTTTATG

v ¢ * L W F ¥ ¢ * N RNTIF * S8 * W F M
F V. 8 ¥ ¢ 8 § V ETETH?YF KV KOG L W

¢ L L VM V L VL KX Q KH I L K L M V Y

CTCACCTACTATTACACATACTAATTGTTCCTIGCGTTCTGTETTACTTATAATCCAGAA
v T Y ¥ Y T Y * L L VA F CV T C N A B
S P T I T H TN CWILR S VvV L L VMQ K
G H L L L HI LIVGEGCCVL CY L * C R

ATTACCTTTTAAGTTTAAGGATTTAGCTATTGAAAATATG TGGTTATCTTATRAGGTGGG
I T F * V. * G F § Y * K Y V V I L * ¢ @
L P F K F KD LATIENMMUWILS Y K V @

¥ Y L L 8 L R I * L L K I C G Y L I R W

FIG. 2 CONT.
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3781 TTATAATCAAAGTTTTGTTGATTATTTACTGACCACTATTCCTARAGCTATIGTTTTGCC 3840
L * 8 K F C* L F TDH Y 8 * &Y C F A
¥y N Q § F VP Y L L TT I P XK A I VL P
¥ f ¥ K vV L L I I ¥ * P L F L K L L F C

3841 TCAAGGTGGTTITGTAGCTGATTTTIGCTTATTEGTT TTTAAACCAGTTTGATATTAATGC 3900
§$ R W F ¢ 8  F ¢ L L V F K P V ¥ ¥y &« C
Q G 6 F VA DF AYWP F L N Q F D I N &
L x vveL * L I L L I G F * T S L I L M

3%01 GTATGCTAATTGGTGTTGTTTAAAATGTGGTTTTTCTTTTGATTTABATGGTTTGGATGC 3960
v ¢ * L vV L, F K M W F P F * F K W P & C
¥ A N W C ¢ L K C G F 8 P DL N G L D A
R M L I ¢ VvV vV * N V V F L L I *» M V W M

3961 TTTGTTTTTTTATGGAGRTATTGTGTCTCATCT TG TAAGTGTGCACATAATATGACTCT 4020
F vV F L W R Y € V 8 C L * ¥V W T * ¥ p §
L F F Y 6D I V 8 HV C X ¢ 6 HNNMTITL
L ¢ F FPM E I L C L M F V § YV DI I * L

4021 AATAGCAGCGGACTTACCTTGTACATTACATTTTTCATTATTTCGATGACAATTTTTATCC 4080
N 8§ 6L T L Y I TPPFP I ¥ * * 0 F L C
I A AD L P CTLHVPF S8 L FDDNF C A
* * Q R T Y L VvV HY I FH Y L MTTITF PV

4081 TTTTTGCACCCCTAAAAAAATTTTTATTCCTGCATETGC TG TGEATGTARACCTTTETCA 4140
F L H P * KN F Y CCMCUCGTCIZ KU RTILS
P C T P K X I F I A A C A VYV D V NV CH
L F A P L XK K F L L L HV L WM~ TFV

4141 TTCTGTAGCTGTTATAGETGATCAACARATAGATGETAACTTTGTTACTAARTTITAGCTAE 4200
F € 8 C Y R * *x T N R W * vV ¢ Y * I * @
8 v A vV I 6D EQ I DG X F V T KTF § G
I L * L L * VM XY¥ K * M V 8 L L L ¥ L V

4201 TGATAAATTTGATTTTATAGTAGGTTATGGAATGTCATTTAGTATGTCTTCTITTIGAGTT 4260
* + I * F Y 58 R L W NV I * Y V P P +« vy
DK F D F I VY G M S F §M S 8 F E L
v I N L I L * * VYV M E CH L V C L L L S

42671 ACCTCAATTGTATGCTTTCTGTATAACACCTAATGTATGT T TTGTTAAAGGTGATATTAT 4320
T 8 I VW F V ¥ § T * ¢CM P C * R * Y Y
P QO L Y G L C I TUPDNUV CF V X G D I I
¥ L N . ¢c M VvV C VvV ¢« HL MY V L L KV I L
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AARTGTTGCTAGRCT IO TAAMGCTGATC T TAT TG T TAATCC TGO TAATGGGCATATGCT
K ¢ C *« T C * § * C ¥ C * g C * W A Y 2
N vV A R L VX ADV I VN ? ANGEMML
* M L LD L L KL MILL LI L LMGTIC

CCATGGTGGTGGAGT TGCAAAAGCTATAGCTCTAGLC TGCAGGTAARAAATTTTCTARAGA
P W W W S8 C K S Y S C & CR *= K I F * R
HG G ¢ VA KA I AV A AG K K F 8§ K &
S MV V E L Q KL *» L * L, ¢ V KN P L K

AACTGCTGCTATGGTTARATCTAARGCTRTTTGCCAAGTAGGAGATTETTATGTTTCTAC

¥ ¢ ¢ Y@ *» I * RCL P 8 R RL L ¢ F Y
T A A M V K S KGV C Qg V6 D C Y VST

¥ L. L L, W L N L KV F A K * E I ¥ M F L

CGETGGTAARTTATGTABAACARTICTTAATATTETAGGCCCTBATGUTAGACAAGATSS

R W *» I M * N N § * Y CRP * ¢ * T R W
G 6 K L ¢ KT I L NTI V G P DAURGQTDG

PV V N Y 'V K Q F L I L * A L M L DKM

AARGACARTCTTATGTTTTGTTAGCACSTGCTTATARGCATC T TAATAATTATGATTGTTC
K T I L C F V 8 T C L * & 8§ * * [, *» L L
R Q 8 ¥ VvV L L ARA Y XK HUL NN UYDOCC

EDNILMUPFC*¥ HV L I S I L I I MTI V

TTTGTCTACTCTCATATCEECTGCTATATTTAGTGTTCCTGCTGATCTCTCATTARCTTA
F VvV ¥ 8§ HI ¢GW VY I * ¢ 8 C * ¢V I N L
L S T L I 8 A G I F 8 V P A D VY 8§ L T Y

v ¢ L L s§ Y R L VY LV F L L MCCH * L

CCTTUCTAGGTIGTTGTTGATAARACAAGT TATCCTIGTTAGTAATAATARAGRAGATTTTGA
P 8 R C C * * T § Y P C * % % % R R F *
L L 8V ¥ D XK 99UV I L V S NN X EDVF D
T F * vV L L I ¥ XK L § L L V I I ¥ X I L

TATTATTCAAAAATGTCANAT TACTTCACGT AT TGO TACTARAGCATTGGC TG TTAGATT
¥ ¥ 8 K M 8 N Y F 8§ C W Y *» 8 1 G € * 1t
I T @ K & @ I T S VvV V G T K A L A V R L
I L F KNV KL L QL L VL KHUW UL L D

AACTGCTAATGTAGGCCGTGTTATTAAATTTGAGACAGATGCATACAAACTTT?TTTGAG
¥ ¢ * C R P ¢ Y * I * D RCTIOQTTF F E
T A N V G R VvV I K ¥ ET DAY X L P L §
* L L. M * AV L L N L R Q MHTTN F P *
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4861

4921

4981

5041

5101

5161

5221

5281

5341

TGETGATGATTE T TIGTTTCARATTCTTCTGTTATACARGARGTTTTATTIGCTTCGTCA

w * * L P C F K F P C Y T™ R 8 F I A 5 8
¢ DD CF V S§N 535 SV I QB V L L L R H

vV vV M I vV L F@g I L L L Y K XUPF Y CF V

TGATATACAATTGAATAATGACGTTCEGTCATTATT TG TTGTCTAAGATGACTAGTCTTCC
¥ Y T I E * * R S * L P V V * D D * § §
P I Q L NN DV RDUY L L § KH T S L P
M I ¥ N * I M T F V I 1 CCDL R *¥ L V F

TAAAGATTGGCOTCTTATCAATARATTTCATCTTATTAACCETGTTARAAACTGTTAAGTA
* R L A 8 ¥ Q *» I *» C Y *» R C * N C * V
K D WUER DL I NIXF DV I NGV KTV K Y
L K I ¢V L 81I ¥ L ML LTV L XK L L 8

TTTTGAGTGTCCTAATTCTATTTATATATGCTAGTCAGGCTAARGACTTTGGTTATGTATG
F*x ¥V § * F Y L Y M *¥ B8 ¢ * R L W L C M
F EC P N S I ¥ I C 8 ¢ G K D F G Y V C

I L 8V L I L F I ¥V VRV EKETULUVMY

TEATGGTTCTTTTTATAAAGCAACTGTTAATCAAGTITGTGTTTTATTAGCTARGAAGAT
* W F F L * §8 N C * 5 8 L C F I 8 * E D
D G § F Y KA TV NOQV CV L L A KK I

vV MV L FI KgUL LI KXKPFUVF Y * L RR

AGATGTTTTGCTTACTGTAGATGGTGTTAATITTAAATCTATTTCTCTTACTGTAGGTGA
R C F A Y CRWC * F * I Y F 8 Y C R *
P v L L T VvVD GV NVF XK S§I §UL TV G E
* M F C L L * M VWL I L N L F L L L * V

AGTTTTTGGTAAAATACTTIGCTAATGTTTTCIGTGATCGCATTCGATGTTACTARCTTARA
8 F W * N T W *» C F L * W H *» C ¥ ¥ V K
vV F & X I L ¢ ¥ VF CD G I DV T K L K

XK F L vV ¥ ¥ L VM ¥ 8 V M A L. M L L 8§ =

GTGTAGTGATTITTATGCCGATARAATTTTATATCAGTATCARAATTTGTCTTTAGCTGA
v * * F L ¢ R * N F I § V * K P V F § ¢
¢ § I FP Y AD K I L ¥ Q Y E N L 8 L 2 D
s v v I FPMPIKVF Y I 8 M KT C L * L

TATTTCTGUTGTACAALGTTCATTTGEGTTTCATCAGCARCARTTGCTTGUTTATTATAA
Y F ¢ ¢ T K F I WV * § a T I A C L L *

1 8§ AV Q8 8 F G F P OQ ¢ QL L A Y ¥ N
I F L L ¥ K VH L 6L I 8 N NC W L I I
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5401

5461

5521

5581

5641

5701

5761

5821

5881

TPTTTTAACAGTATGTAAATGETCTGTAGTTGCTTAACGGTCCATTITTTTCTTTTIGRACA
F F N § M * MV CS C* R S I F F F * T
F L T V C KW 8§ V V VN G P F¥ F S8 F E O
I F * QY VNG L * L L T VHUP F L L N

GTCTCATAATAATTGTTATGTGAATGTAGCTTGTCTTATGTTGCAGCATATTAATCTTAA
vV 8 * *» L, L, C E C § L 8 Y V A A Y % g =

S HN N CY VNV ACL MUL Q HINTUL K
§ L ¥ I I V.M * M * L V L CC S8 I L I L

ATTTAATARATGGCAGTGGCAGGAAGCATGETATGAAT TTCGTGCTGGCAGACCACATAG
I * M A VA G S MV * I 8§ CWOQ T T +
F N K W Q W QE AW Y E F R A G R P H R
N L I NG 8§ G R KHGMNF V L 2B DH I

GITAGTTGCTCTTGTTTTAGCTAAAGGT CATTTTAAATTTGATGAACCATCAGATGCTAC
v & 858 C P B8 * R & F ¥ I * * T I R C Y

L vV A L ¥V L A K 6 H F K F D E &P 58 D AT
G * L L L F * L K V I LN L M N H O M L

TCGATTTTATTCGTGTTGTTTTGAAACAAGCTGATTTATCAGGTGCAATTTGTCGAATTAGA
* F Y 8§ ¢ ¢ ¥ E T S * F I R ¢ N L * I R
D F I RV VL K QQADIL S G A I CE L E
L I L F V L F * NKUILTI Y Q V Q F V N *

ACTTATTTGTGATTGTGGTATTAAACARGAAAGTCGTGTTGE TG TIGATGCTGTTATGCA
T Y L * L W Y * TR K S C W C * ¢ C Y A
L I ¢ D C¢C 6 I K Q E S5 RV 6V D A V M H

N L F V I V V L N K KV V L VL M L L C

TTTTGGTACATTAGCAARGACTGATCTTTTTAATGGCTTATAAGATTGGCTGTAATTGTGC
F W Y I 8 KD * 8§ F * W L * D WL * L C
F 6 T L A X TDUL F NGY X I G CNUCA
I .. v H * @ R L I F L M V I R L A V I V

RGGTAGAATTGTCCATTGTACTARATTGAATGTACCATTTTTGATT TGTTCTAATACTCC
R * ¥ C P L Y * I E €T I F D L F * Y 8
G R I VH CT X LNV PF L I C S8 NT P

Q V E L $§ I V L N * M Y H F * F V L I L

TCTGRGTARGGATTTACCTGATGATGTTGTTGCAGCTAACATGTTTATGCGTGTAGETGT
§ E * ¢ F 7T ¥ » ¢ C C 8 * HV Y G CRC
L § KD L P DD VYV AANMZPFPFMGCV G V
L » ¥V R I ¥ L MM L L Q L T C L W VvV * Vv

FI1G. 2 CONT.

5460

5520

5580

5640

5700

5760

5820

5880

5940



U.S. Patent Jan. 10,2012 Sheet 13 of 119 US 8,092,994 B2

5941

6001

6061

6121

6181

6241

6301

6361

6421

AGGCCATTATACACATTTGARATGTCGTTCACCTTACCAACATTATGATGCTTGTAGTGT
R P LYTFEMNMWEPFTILPTL*CTL *C
G HYTHILXKCG®EGS§PY QHYDACS SV
* A I I H I * NV VHLTDNTIMMLYYVY

TARARAATATACAGGTGTTAGTGGTTGTTTARCTGACTGCTTGTATCTTARAAATTTARC
* K I Y R ¢ * W L F N * L L V 8 *» K F N
K XK Y TG V § ¢ CL TDCL Y L KNIL T
L X ¥ I Q VL V V V * L T A I L K I *

CCAGACTTTTACATCTATGTTGACTAATTATTTITT TGGATGATCTTCGAAATCETTECTTA
P D F Y I Y VD * L FF G * C *» NG € L

Q T F T 8 M L T N Y F L D P V E M V A Y
P R L L H L C* L I P W MMULI KWL L

TAACCCTGATCTTTCACAATATTATTCTCATAATGG TAAGTATTATACAAAACCTATTAT
* P * § F T I L L * * W * ¥ L Y K T Y Y
N P DL 8 Q Y Y CDNGI K Y Y T XK P I I
I T L I F HN I I V I MV S5 I I XL &L

AAAGGCTCAGTTTAAACCATTTGCTARAGTTGACGG TG TTTATACTAACTTTAAGTTAGT
K ¢ 8 VvV » T I ¢ * 8 * R C L Y * L * V 8
K A Q F K P F A K VDGV Y T N PF XK L V
* R L 8§ L ¥ H L L X L TV P I L T L & =*

TGGACATGATATTTGTGCTCAATTGARTGATAARGTTAGG T TTTAATGTAGATTTGCCGTT
W T * Y L ¢C 8§ I E * * V R F * C R F A V
G H DI €C A Q L NDIKILGGPNUVDIL P P

L DM I F V LDN* MTI S * Vv L M * I C R

TGTTGAGTACARAGTAACAGTCTGCCCTGTAGCTACTGGTGATGTTGTTTTGGCATCTGA
¢ ¥ vV g s N § L AC S Y W * C C P G 1 *

vV E Y K VT VWPV AT G D V V ILLb &4 8§D
L L 8§ T K * g 8 6 L * L L VML F W H L

TGATTTATATCTGAAACGTTATTTTAARGGATGTGARACTTTTCCTAAGCCTETTATTTIG
* F I ¢ E T L F * R M * N F W * A C Y L
P L ¥Y vV X R Y F K G C B8 T F G K P V I W

M I ¥ M * N V I L K DV K L L V 8 L L F

GTTTTETCATGATGAAGCATCATTGAATTCTCTTACT TATTTTAATARACCTAGTTTTAA
v Ls * * g I I EF 8 Y L F * * T x g =*

F ¢ HDEA A S L N S8 L T Y F NIEX P S F K
G F vVMMI KHH*» I L L L I L I N LV L
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6481 ATCTGAARAATAGATATAGTGTTTTGTCTGTTGATTCTGTATCTGAGGAGTCACAAGGTAA 6540
I * K *» I *» ¢ P V ¢ * F C I * @ VvV T R *
s EEN R Y 8 VL § VD S V S EEBE S Q G N
N L XK I DI VvV F CL L I L Y L R 8 B XK V

6541 TGTGGTTACTTCTGTTATCGAATCGCAGATTAGTACTAAAGAGCTTAAGTTARAGGGTGT 6600
¢ 6 Y F €C Y G I A D * ¥ x R G * VYV K G C
v v T 8§ vV ME S8 QI 8§ T KU EUV XL X GV
M W L L L L W NURUERILUV L XZR UL § * R V

6601 TAGRAAGACTGTTARAATAGAAGATGCTATTATTGTTAATGATGARBATAGTTCTATTAA 6660
* K D C * N R RC Y Y C * * *« g * P Y =*
R K TV K I B D A I I V NDEWUNISUS I K
L E R L L K * KMUL L L L MM K I V L L

6661 GGTTCTTARRAGTTTRATCTTTAGTTCATGTTTGGGATATCTATTTGACAGGTTGTGATTA 6720
¢ ¢ * K ¥ I FS§* CLG Y V F DURTIL * L
vV V K S8 L §8 L VDVVWDMYULTOGOCDY
R L L KV YL * LM PG X CI * Q V V X

6721 TGTIGTTTGGGTTGCTAATGAATTGTCACGCCTAGTTARAATCACCAACAGTTAGGGAATA 6780
¢c ¢ v e C I VT PSS * I TN S8 * G I
vV v W V A N E L 8 R L V X 5 P T VRE Y
M L F 6 L L M N CHA™*L NHOQOQULGN

6781 TATACGATATGGTATTARACCTATTACTATACCTATAGATTTCTTATGTTTAAGAGATGA 6840
Y T I w Y * T Y Y Y T Y R F VM F KX R *
I R Y GTI K UPITTIPIDILULCULTR RTUDD
I YD MV L NILTLILYTIL* I Y V *» EM

6841 TAATCAAACTCTTTTAGTICCTAAAATTTTTARAGCAAGAGCTATAGAATTTTATGCTTT 6900
*S N 8§ F 8 8 * NF * & K & YR I L W P
N ¢ T L L V P K I F KA R AIEBETFUY G P
I T X L F * F L X P L K Q E L * N F M V

6801 TTTGAAGTGCTTCTTTAT T TATC T T I T TACT TTATTACATT T TACARATGATAAARCCAT 6960
F E V V V Y L ¢ F * F I T F Y K ¥ *# N H
L XK WL F I YV F 8L L HP T HNNUDIEKTTI
F *» 8§ 6 C L P M FL V Y-Y I L 0 M ! R P

6961 TTTTTATACTACAGAAATAGCTTCTAAGTTTACTTTTAATTTGTTTIGTTTGGCTCTTAL 7020
F L Y ¥Y R N S F * VY F *» F V L F G 8§ ¢+
F ¥ T T E I A & K F TF N L F CL A L K
F F I L © K * L L 8§ L L L I ¢ F V W L L
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7021

7081

7141

7201

7261

7321

7381

7441

7501

AAATGCTTTTCAGACATTTAGATGGAGTATATTTATAAAAGCT TTTCTTGTTGTAGCCAL
K ¢ F 8 DI * MEBEY I Y KRUF S8 CC § B”
¥N A F Q T F R WS I F I K G F L V V A T
K M L F R H L DGV Y L * KV F L L * P

TGTGTTTTTCTTTIGGTTTAATTTTTIGTATATAAATGTTATTTTTAGTGACTTTTATCT
¢ vV F vV L V* F F VY K C Y P * *« 1, I, 8
vV P L F W F NPF L Y I NV I F S$§ D F Y L
L ¢ ¥ C F G L I P C I ¢« ML F L VT VF I

TCCTAATATTAGTGTTTTTCCTATTITTCTGCCARGARATTETTATGTGGATARAGGCTAC
§ * Yy *«» ¢ F 8 Y F ¢ G KN CY VDI KTGCY

P N I 8 V P P I F V GR I V MWTIEKOBAT
F L I L VvV P F L F L W E E L L C G * R L

TTTTGGTTTGGTTACAATTTGTGATTITTATTCTARGTTAGGTGTAGGTTTTACAAGTCA
F W F G Y N L * F L F * VvV R CR F Y X 8
F & L v T I CDVF Y S KL GV CGCVPF T 8§ H
L LV W L @ F VI P I L § * Vv *x v L. § V

TTTITGTAATGETAGTTTTATATGTGAATTIGTIGTCATTCTGGT TTIGATATGTIGGATAC
F L * W * F Y M * I V &8 F W F * Y V G Y
F ¢C N &G 8 F I CE L CH S8 G F DML DT

I F VMV YV L Y VNCV I LVLICWI

ATATGCAGCTATAGATITTGTTCAGTATGAAGTAGATAGACGTGTTTTATITGATTATGT
I ¢ $ ¥ R F ¢ § VvV *» 5 R * T ¢ F I *» L C
Y AA I D F V QY EV DI RIRUV L F DYV
H M QL * I L F 8 M I K * I DV F YL IM

TAGTTTAGTCAAAT TAATTCTTGAACTCGTTATTCGTTATTCATTATACACAGTATEETT
* F 8§ Q I ¥ C * T R Y W L F I I H 8 M V
$§ L VvV K L I VEL V I G Y 8 L Y TV W F
L vV * § N * L L NS L L VI HYTOQYG

TTATCCATTATTTTGTCTTATTCGTTTACAATTATTTACTACATGETTGCCTGATTTCTT
L 8§ I I L 8§ Y W F T I I Y Y M V A +* F VY

Yy P L F C L I G L QL F TTWUDL P D L F
F I H Y F vV L L VvV ¥ N Y L L H & ¢C L I ¢C

TATGTTAGAAACTATGCATTCCTTCATTAGATTTATTGTATT TGTAGCTARTATGTTACC
Y VR N Y A L VD*» I Y CTICS=* Y VT

M L BE T M HW L I RPF I VP V A NMIL?P
L ¢ * XK L ¢ I 6 * L DL L ¥ L * L I C Y
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TCCT TP TCTCTICTTGCCE T TP TATATAGT TG T TACT G CTATGTATAAAGTAGT TGGTTT
¢ F C L VY AV L Y § C Y C Y V * &8 8 W F

A F VL L R F Y I V VT AMTY KV V g F
L L L s ¢ CGPF I * L L L L C T K * L V

TATTAGGCATATTGTCTATGGTIGTAATARAGCTGGTTGT TTATTT TG T TATAAACGAAL
Y * A Y O L WL * %« § W L F I L L * T K
I RHI VY G CUNIXA BAGGCOCL FCVY X RN
L L 6 I L 8 M VV1I XL VYV Y FV I N E

TTGTAGTGTTCGTGTTAAGTGTAGTACTAT TG T TGGTGGTGTAATTCGTTATTATGATAT
L € 8 C * v *» Y Y ¢CW W NS UL L * Y
C 8 VRV EKCSTI Y G S VY I R Y Y DI
I VvV FV L 8V VL L L VV * F VvV I M I

TACTGCTAATGGTGGTACTGGT T TTGTGT TARACATCAATCCGAATTGTTITAATTGCOCA
Y ¢ * W W Y WP F L C * T & M E L F * L P

T AN G 6 T & F CV K H Q WNIOCVFNCH
L' L LMV VL YV PFV LNTINGGTIUVTILI A

TICTITTARACCAGGTARCACTTTTATAACTCTAGAAGCTCCTATAGAACTTTCTAANGA
F ¥ » TR * HF YNG CR S C Y RTUP * R
S P K P G N TF I TV EUAATITZETLSTZ KE
I L L N Q V T L L * L * K L L * N F L K

GCTTAAACGACCTGTAAATCCAACTGATGCTTCACAT TATGTAGTTACTGATATTAAGCA
A * T T C XK 8 N * O F T L C 8 Y * ¥ * 2
L KR P Y N P TDAGSHYVVTDIKQ
S L N PRPL * I Q LMLHEIMO™*TIL L I L 8

AGTTGGTTGTATGATGCETTTETTC TATGATACAGATGGACAGCC TG T T TACGATCATET
S WL ¥YDAVF VL *¥ * R WTTACULDR * ¢
VGCMMPRILPYDRDOGO O RVY Y DDV

XK' L VvV * V¥V C S5 MIEBEMODSV P T MM M

TGATGCTAGTTIATTTCTAGATATTAATAATCTGTTACATTCTAAAGTTAAAGTIGTTICC
*C * F I C R Y * x 8V T F * 5§ * 8§ C 8§
D A S L F YV DINUNUILILUBHESI KUV XKV VP

LMLV YL * I L I I CY I L KLZX L F

TAATTTGTATGTAGT TG TAGTAGAGAGTCATGCTGATAGAGCTARTTTTCTGAATGCTET
*F V. C 8 C 8 R E * ¢ * * § *x g 38 g C ¢
N L ¥V VvV VvV VvV E S$DADUZRULALNEP ETILINA AUV
L I ¢ m *~ L * *R VM L I E L I F » M L
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8101 TGTGTTTTATGCACARTCATTGTATAGGCCTATATTACTTGTAGACAARAAAGTTRATTAC 8160
¢ v L C T I I VvV * a Y I TCURIOQIEKUVDNY
vV P ¥ A Q $ L Y R P I L L V D K K L I T
L ¢ F M HNHCTIOGTLY Y L * T K 8§ * L

8161 TACAGCTTGTAATGGTATCTCTGTAACCCAGACTATGTTIGATGTTTATGTTGATACTTT 8220
¥ § L * W ¥ L ¢ N P DY V * C L C * Y F
T A CN G I 858V T QTMUPDUV VY VDTTF
L QL VMV S L * P RL CLMZFMULTIL

8221 TATGTCTCATTTTGATCTTCGATAGAARGAGTTTITAATAATTTTGTTAACATTGCTCATGC 8280
YV V 8§ F # ¢ * ¥ R EF *# + F ¢ * H ¢ § ¢
M 8 H F D V D R K § F N NUPF V NI A H B
£ C L I LML I ERV DL I I L L T L L M

8281 TTCTCTTAGAGAGGGTGTGCAATTAGAAAAGETTTTAGATACTTTTGTGGGATGTGTACE 8340
F § » R G C A I R KGPF R Y F CGMOCT
8 L R BE G V ¢ L E XK VL DT F VYV G ¢ Vv &
L L L E R V C N * KRUPF *» I L L WDV Y

8341 TAAATGTTGTTCCATTGATTCAGATGTTCAARCARGATTTATTACTAAATCTATGATATS 8400
*M L FH * F R C * N K I Y Y * I v p 1
K ¢C¢CSsS I D SDV ETRFITTIZ K S M I 8
VNV V F L I 0 MILIKOQQDIL L L NL * ¥

8401 TGCAGTAGCTGCTGOTTIGGAATTTACTGATCGAARATTATAACAATTTGGTACCTACRATA 8460
¢c 8 8 C W F G I Y * * K L * Q F ¢ T Y I
AV A AG L B F TDENTYNUNTILU VP TY
L Qg * L L VWNILILMIEKTITITI WY L H

8461 TTTAAAGAGTGATAATATTGTAGCTGCICGATTTAGSTGTTCTTATACAGAATGETGCTAR 8520
F K E * *» Y ¢ 8 C * FR CS Y TEWC *
L XK 8 DN ¥ VA RDILG UV L I Q N G A K
I *» R VI I L * L L I * V¥V F L Y R M V L

B521 GCATGTACAGGGTAATCTTGCTAAGGCAGCTAATATTTCTTGTATATGGTTTATTGATGC  B58(0
A C T G * C C * G & * Y F L ¥ M V Y * C
HV g G N V A KADHAUNTISCTIWU F I DA
§ M Y RV M L ¥ R QLI F L V Y G L L M

8581  TTTTAATCAACTTACTGCTGATTTACAGCATAAATTAAARAAAGCATCTGTITAAAACTGG 8640
F » 8 T ¥ ¢ * F T A * I K K 8 M C * N W
F ¥ Q L T A DL QHKTILE EKTZEKUBATCT VI KTQG
L L I N L L L I ¥ 8 I N * X K H V L ¥ L
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8641 CTTGARGTTAARATTGACTTTTAATAAGCAAGAGGCAAGTGTCCCTATTCTTACAACACC 8700
L EV X I D F *» * A RGI KT CUPY S Y NT
L K L KL T F VNI KOQES&a SV P I L T TP
A * 8§ * N * L L I 8 KR Q V 5 L F L Q H

8701 CTTTTCACTTARAGGAGGTGTTGTATTGAGTAATTTG TTATATATATTATTTTTIGTTAG 8760
L FT* RRCCTIUE®*TV FV I ¥ I I F C ~*
F 8 L K G ¢V V L SN L L ¥ I L F F V 8
P F H L K E V L Y * V I ¢ Y I Y Y F L L

8761 TTTAATCTGTTTTATATTATTGTGGGCTTTATTGCCTACATATAGTGTTTATAAGTCTGA B82 0
F N L F Y I I V G F I A ¥ I * € 1, *» vy »
L I C F I L L WA LILUPT Y 8 V ¥ K &8 D
v * 38 VL Y Y ¢ G L Y C L H T V F I &8 L

8821 TATTCATTEGCCTGCTTATGCTAGTTTTAAAGTTATTGATARTGGTGTTCTTAGAGATAT 8880
Y 8 F A C L C *x F * § Y * * %W C C * R Y
I HL PAY A SPXUV I DNGUVYVV R DI
I F I ¢CL L M LV L KL L I MV L L E I

8881  TTCAGTTAATGATTTATCTTTTCCTAATAAATTTTTCCAATTTGATCAATGOTATCAGTE §040
F § * *+ F M F ¢ * * I F p I *+ 8 MV * ¥
S VN DLCPFANIEKTFTFOQTFTDO OTEW®TYE 8
F 0 L M1IIT YV LTILTINTPFGBENILTINT GMS

8941 CACTTTTGGGETCTGTTTACTATCATAATTCTATGGATTGCCCTATTGTAGTGGCAGTTAT 9000
H P WV CL L 8 * F YGUL P Y C &8 G 8 Y
T F G § V. Y Y HN 8 M D C P I V VA V M
P L LG L ¥F TTI I I L W I AILTIL®* WO L

9001 GGATGAAGATATCCGTTCTACTATGTTTAATGT TCCTACTAAAGTTTTGAGACATGGCTT 9060
G * R ¥ R F Y Y V * ¢ 8§ Y * 8 F E T W L
D EDIGSTMPF NV P T K V L RHG F
W M XK I 8 VL L ¢CLMTPFILLIXKXKTF * D MaA

8061 TCATGTTTTACATTTT TTAACTTATGCATTTCCTAGTGATAGTGTTCAGTGCTATACACC 8120
§ ¢CF TF FNULCTIOC®* * = ¢ 8 V L Y T
H VvV L H F L TYAUPASDSUV QY TTP
FMPY I P * L MH L L YV I VvV F 8 A I H

9121 ACATATTCAGATTTCTTATAATGATTTTTATGCTAGTCGTTGTGTTTTATCATCTTTETG 9180
T ¥ $ D F L * * F L C * W L € F I I F V
H I @ I 8 ¥ NDF YAS G CV L 85 L C
H I F R F L I M I FMLVYV VV F Y HLL C
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9181

9241

9301

9361

9421

9481

8541

9601

8€61

TACTATGTTTARAAGRGCTGATGGTACACCACATCCTTATTGTTATTCAGATGGTGTTAT
¥y ¥y v » K R * W Y T T8 L L L F R W QY
T M F K R 66 D G T P HP Y C Y 8§ D G V M

vV L ¢ L K BV MV HHI UL I VIQMUVL

GARGARTGCTTCTTEGTATACATCTTTGGTTCCACATACACGTTATAGCCTTIGCTRATTC
E E C F F VY I PG ST Y T L *» p C * P

K N A S L ¥ T S L V PHTTIR Y S§ L A N §
* R M L L ¢ I HL WP FHIUHV I AULTULI

TAATGGTTTTATAAGATTTCCTGATGTTATTAGTGAACGTATTGTACGTATTGTAAGRAC
* 4 F ¥Y K I 8 * C Y # * R Y T T Y € KN
N G F I R F P DV I S E G I VRTIVURT
L MV L * D F L ML L VKV L Y V L * B

GCGCTCTATCACTTATTGTAGAGTGGGTGCATCTGAATACGCCGAAGAGGGTATATCTTT

A L YD L L * §&§ GG CM* I RRRGUYMF
R § Mm T™ Y C RV A CEYAUEUEOGTICTVF

R A L * L I V EWV HVNTUPEKIRUV YV

TAATTTTAATAGTTCCTGGG TTTTGAATAATGATTATTATAGAAGTATGCCTGGAACTTT
* F *» *x ¥ L G F E * » L L * K Y A W N F
N F N 8§ § W VvV L N NDUY ¥ R 8§ M P G T F
L I L I V P G F * I M I I I BE V CL E L

TTGTGGTACAGATCTTTTITGATTIGTTTTATCAATTTITTAGTAGTTTAATTCGTCCTAT
L wW * R 8 F * F V L 8§ T F *» * F N S 8§ Y

¢ 6 R DL FDVL F Y QP F $§ 8 L I R P I
#F vV ¥V B I FP L I ¢ F I NPFPILV V * F VvV L

AGATTTCTTTICTCTTACTGCTAGTTCTATTTTTGGAGCTATATTGECTATAGTTETTGT
R ¥ L F 8 ¥ ¢ * F Y FW § Y I @ ¥ 8 C ¢
D F F §8 LT A S S I FGGATI L AI V VYV
* I 8 F L L L L v L F L BE L Y W L *» L L

CTTGETTTTTTATTATTTAATARRACTTARAGCETGCTTTTGGAGATTATACTAGTCTTET
L G F L L F N K T * A C F W R L Y » ¢ ¢

L VvV P ¥ ¥ L I KL KRAUP G D VY T S8 V V
S W F F I I *# * N L 8 V L L E I I L V L

AGTTATAAATGTTGTTGTTTGGTGTATTAATTTTCTTATGCTTTTTGTTTTTCAAGTTTA
8 ¥ K ¢ ¢ ¢ L vy * p 8 ¥ A F C F 8§ 8§ L
v I N V V V W C I N F L M L P V F Q V Y
* L * M L L F ¢ VL I F L CF L F F K F
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5721

9781

5841

9901

9961

10021

10081

10141

10201

TCCTATTTGTGCATGTGTTTATGCTTGTTTTTATT T T TATGTAACATTGTATTTTCCTTC
5§ ¥ L M C L C L PF L F L CHN X V F 8 F
P I CA CV Y A CPF Y F YV T UL Y P p §
I L F vV HV F MLV F I F M * HCTIPFL

TGAAATTAGTGTAATTATGCATTTGCAATGGATTGTTATGTATGGTCCTATARTGCCTTT
* N * C N Y A F A MDCY V W CYNAF
E I &8V I M HL QW I VMYGATI M UPTF
L K L v » L ¢ I ¢ ¥ G L L M V L * C L

TTGGTTTTCTGTCACATATGTAGCTATGGTTATTGCAAACCATGTTTTATGGTTATTTTC
L v L ¢CRH I ¢ S8 Y 6 Y C K P CF M V I F
W F C VT Y V A MV I A NUHUV L WL F §
F G P V 8 HM * L WL L Q TMUF Y G Y F

ATATTGTAGGAAAATTGGTGTTAATGTATGTAGTGATAGTACATTTGAAGAAACATCTCT
I . * EN W C * C M * * * ¥ 37 * R N I 8§
Yy ¢ R X I G VNV C SD S8 T P EET 8 L

H I V¢ K L VvV L M Y VYV I V HL K K H L

TACTACTTTTATGATTACTAAAGATTCTTATTGTAGATTARAGAATTCTGTTTCIGATET
Y ¥ F ¥Y p ¥ * R F L L * I K EF ¢ F * C
T T F M I T K D 8 ¥ CR L X NS V 8 DV

L LL L * LL K I LI VD *RTIULUPFULM

TGCCTACAATAGATATTTGAGTTTGTATAATAAGTATCGTTACTATACTGGTAARATGGA
¢C L Q * I F E F V *» *» VvV g L L * W * N G
A ¥ N R Y L § L ¥ N K Y R Y ¥ 8 6 K M D
L pTI DI *V C1I I S I V T I VV K W

TACTGCTGCCTATAGAGAAGCGGCGTGTTCTCAGTTAGCTARAGCTATGCAAACATTTAR
Yy ¢ ¢ L * R S GV F S§V S * 858 Y G N I *

T A A Y R E A A C S QL A KA METF N
I L L P I EXKRIRUYV L S * L KL W XHEL

TCACAATAATGGCTAATCGATGTCTITATACCARCCTCCTACAGCATCTGTTTLTACATCTTT
s Q * W * *» C L I P T S$ Y 8 I CPF Y I F
H NN GNDV L Y QPP TA A SV S T S F
I T I MV MM S Y TNIL L QHUL F L H L

TTTGCARTCAGGTATTGTAAAGATGGTATCTICCTACGTCARARATTGAACCTTGTATTGT
F A I R Y C XK D G I &8 Y V KN *~ T L Y C
L Q 8 6 I vV X MV 8 P T 8 K I E P C IV
F CNQV L * RW Y L L RQ KULNUDL VL
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10261

10321

10381

10441

10501

10561

10621

10681

10741

TAGTGTTACTTATGGTAGTATGACT TTGAATGGTTTATGGTTAGATGACARAGTTTATIC
* C Y L W * Y D FEWUPFP MV R * Q0 8§ L L
$ VT VY GG S8 ¥ TL NGIL WILDDIE RUY Y C
L VL L MV V * L * MV Y G * M T X F I

TCCTCOTCATGTEATATGTTCATCCTCTAATATGAACCGAACCTGATTATICTGOCH I ATT
$ § §$ ¢C Y M F I L * YEBRT®* L F C UL I

P R RV I ¢ 8§ 8 8 NMNUEUPD Y § A L L
vV LV ML Y VHPLI* TV NILTITIIILUDP Y

GTGTAGAGTTACTCTAGGTGATTTTACTATAATGTCTGGTCGGATCGAGTTTAACAGTTIGT
v * 8 Y 8 R * F ¥ ¥ NV W § D E PFN 8 C

¢ RV T™ L ¢ D F T I ¥ 8 G R MSESE UL T VYV
¢ VvV E L L * VI L L * C L V G * V * O L

GICTTACCAGATGCAGGGCTGTCAACTTGTTITCACAGTCTCTTTACAARATCCT TACAC
vV L P DAGL S TCUPFD S L F T X § L H

§ Y @ M Q G C QL VLTV S$ L QNUDPVYT
¢ L T R C R AV N L F * @ 8 L Y K I L T

TCCARRATATACTTTTGGTAATGTTAAACCTGGTGARACTTTTACTG T T I TAGCTGCGTA
g K I ¥ F W *» ¢ * T W * N F Y C F 8§ € V
P XY T F G NV K P GETU F TV L A A Y
L QNI L L V M L N LV KL L L F * L R

TAATGGCCGACCACARAGGGEECATTTCATGTTACTATGCGTACTAGTTATACTAT TAAAGG
* WP T TRGI S CUY Y A * *» L, Y ¥ * R
N 6 R P QG A PF H VYV TM®RS$ S5 ¥ T I K G
I M ADH K G HPF ML L CV V V I L L K

TTCTTTTITTICTGTGGETCATGTEGGATCTETTGETTATCTATTAACAGG TGATAGTGTTAR
F F F V W V M W I ¢ WL C I N R * * (¢ *»
$§ F L ¢ 6 8 C G 8§ V G Y V L T GG D S V K

vV L F OV G H V D L L VMY * 0 V I Vv L

GTTTGTATATATGCATCAATTAGAGCTCAGTACTGGTTGTCACACTGGCACTEGATTTTAC
v I ¥ A S I RAOQUY W L &8 HWH *» » Y
F vV Y M HQLE UL S8 TGCHTGTUDUFT

8§ L Y I ¢ I N * § 8§ VL V V TUL A L I L

TGETAATTTTTATGGTCCATATAGAGATGCTCAAGTTGTACAGTTGCCAGTTAAGGACTA
W * F L W 8 I * R C 8§ 8 ¢C T V A 8 * G L
G N F Y G F Y RDAOQUYVY V Q L P V KD ¥

L VI FMV HIEMLIEKILYS$ CQ L R T
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10801 CGTCCAGACTGTTAATGTTATTGCTTGECTCTATGCAGCTATACTTARTARTTGTGCTTG 10860
R P DC * C ¥ CLAILCSY T * * L C L
vV 9§ TV NV I AW UL Y AATIILNWUNUZGCGA AW
T § R L L M L L L & § M Qg L Y L I I V L

10861 GTTICTACAAAATGATGTTTCTTCTACTGAAGATTTTAATGTTTGGECTATGECAAATGG 10920
vV ¢ T XK * CL F Y * RF * CL G Y G K W
F VvV Q NDV CSTETDFNUVWAMBLMLNG
¢ L ¥Y KMMFPFV L L XTI L MM FGILWOQ M

10921 TTTTAGCCAAGTAARAGCAGATCTTGTCTTAGATGCTITGCCTTCAATGACAGGTGTTITC 10980
F * P 8 K $§ R S ¢CL RCF G F N DRCF
F § Q V KA DL VY L DAILAZSMNTGV S
V L A X * X ¢ I L 8§ * M L W L Q * Q V F

10981 TATTGARACTTITATTGGCTIGCTATTAAGCGTCTATATATGCCATTTCARGETCGTCAAAT 11040
Yy * N F I G C ¥ * A 8§ I ¥ & I 8§ R 8§ 8§ N
I £E T L L A A I KR LY M G F Q G R QI
L L X L Y W L L L 8 VY I WDVF KV VK

11041 ACTAGGAAGTTGTACTTTIGAAGATGAATTGGCACCTTCTGACGTTTATCARCRATTGGC 11100
T R KL ¥ F * ® * I G T F * R L 8§ T I G
L G 8§ C T V¥ EDP E L AP S DV Y Q @ L A
Y * E VvV V L L KMNWHULUDLTUF I NNW

11101 TGGTGTTAAATTGCAATCTAAAACAAAAAGATTTATTAAAGAAACAATTTATTGGATITT 11160
¥ ¢ *» I A * N KX I Y * R N NXL L D F
G V K L Q § KT KR P I KEBET I ¥ W I L
L vV L ¥N ¢ N L K Q XK DIL L K KOQVP I G&F

11161 GATATCTACATTTITGITTAGTTGTATAATTTCTGCATTTGTTAAATGGACTATATTTAT 11220
p I Y I # VvV * L YNPCTIC* MDYTI Y
I 8 T F L F 8 C I I S$A F V KWTTIVF M
* Yy L HF CL V V * F LHEHLILUENGTLY L

11221 GTATATTAATACACATATGATTGGTGTTACATTATGTGTACTTIGTTTTGTTAGTTTTAT 11280
vV Y * Y T YD WC?Y I MOCTDLFGQQC™* P F Y
Yy I N T HM I GV TULCV L CF V S FHM
¢ I L I H I * L V L HY VY F VL L V L

11281 GATGTTACTAGTTAAACATAAGCATTTTTATTTGACTATGTATATAATTCCTGTACTCTE 11340
p v T S ¢ T * A F L FDY V YN S8 CTL
M L L V K #H KH F Y LT M Y I L PV L C
* ¢ Y * L NI 8§ I FI *L C I * F L Y S
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11341 TACCTTGTTITATGTARATTATTTAGTTGTTTATAAGGAAGGTTTTAGAGGTTTTACTTA 11400
Yy L v L. C KL F 8 CUL * G R PF * R F Y L
T L F Y VvV ¥ Y L VvV vV Y K BE G F R G F T Y
v P CF M * I I * L F I R KV L EV L L

11401 TGTCTEGCTCTCATATTTIGTTCCTGCTGTCARTTTTACTTATGTTTATGAAGTATTTITA 11460
¢ L AL I F CS8 CCZEVF Y L CUL * § I L
vV ¥ L 8 Y F V P AV NVF T Y V Y EV F Y
M 8 ¢ 8 H I L P L L * I L L M F M K Y F

11461 TOGTTCTATTTTATGTGTTITTGCTATITTTATAACTATGCATACTATTAATCATGACAT 11520
W L ¥ F M CF C Y F ¥ N Y A *» Y * 58 * H
G ¢ I L ¢V F A I F I T M H 8 I N H D I
M VvV VvV P YV F L L F L *» €I VL I M T

11521 TTTTTCTTTGATGTTITTGGTIGGTAGRATAGTTACTTTARTTTCTATGTGGTATTTTGG 11580
P F F DV F G W *¥ N 8 Y FNUPY V V F W
F 8 LM F L V ¢ R I VT L I 8 M W Y F G
F F L * CF WL VE™*LIL * F L CG I L

11581 CGTCGAATTTAGAAGAGGATGTTTTGTTATTTATTACAGCCTTTITAGGTACTTATACATG 11640
V EF R R G CPF VI Y Y S L FRUYUL Y M
$ NL E E DV L L F I T APILGT VY T W
¢ R I * XK R M F C Y L L Q P F * V L I H

11641 GACCACTATTTTGTCATTAGCTATAGCAARAATTGTTCGCTAATTGGTTGTCTGTTAATAT 11700
D H Y P V I 8 ¥ §8 K N C C *» L VvV V ¢ * Y
T T I L 8L ATIATEKTIVYVSANTUEHTLSUV NI
G P L F CH*UL * ¢ KL L L I & ¢C L L I

11701 ATTTTATTYTACAGATGTACCTTATATTARATTGATTCTCTTGAGTTACTTATTTATAGE 11760
I L F Y ROCTUL Y *» I D S L E L L I Y R
F Y F T DV P Y I KL I L L 8§ Y L F I G
Y F I L @ MY L I L N * F 8 * VvV T Y L *

11761 GTATATTTIATCTIIGTTATTEGCCATTTTTCTCTCTTTTAAACASTGTTIPTAGAATGCE 11820
vV Y F I L L L ¢ I # L 8 F K Q CF * N A
Yy I L § ¢ ¥Y WG F F 8 L L N§ V F R M P
¢ I F ¥ L VI 6D F & L F * TV F L E ¢

11821 TATGGGIGTTTATAATTATAARATTTCTGTTCAAGAATTGCGTTATATGAATGCTAATGE 11880
Yy 6 ¢ L * L * N P CSRI ALY EC * W
M G V ¥ N ¥ XK I § V Q E L R Y M N A N G
L W VvV F I I I K F L F KNCUV I *» M L M
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11881 CTTACGTCCACCTCGTAATAGTTTTGAGGCTATTITTGTTAAATTTAARACTGCTTGGAAT 11940
L T &§ T & * * F *+ G ¥ P VvV K F K T A W N
L R P P RNSF EAIULILNILIEKULLSGI
A Y VH L VIV L RILVPFC*¥ I # N CL B

11941 AGGTGGCGTGCCAGTTATTGAAGTCTCCCARATTCAATCARAATTGACTGATGTGARATG 12000
R W R A S Y =~ 8§ L P N S I K I D * ¢ E M
G ¢ vV PV I EV S ¢I 0 8 XK L T DV R ¢
* V A CQ L L K s P KF NN * L M * N

12001 TGCTAATGTICTTTTGTTAAATTGTTTACAGCATTIGCATGTIGCTTCTAATTCTAAGTT 12060
¢c ¢ CF V KL FTAVFODBADUCUCTF *~ F % V
A N V ¥V L L NC L @ H L HV A 8 N 8 K L
vV L ML F ¢ I VY S§ I CMILUL L I L 8

12061 GIGGCAGTATTGTAGTGTTITACATAATGAAATACTATCTACTTCAGATTTGAGTGTAGC 12120
vV A vV L ¥ CF T * * NT I Y F RF BE C &
w o Y €C 8§ VL HUNETIULUSOTSED L 8§ V A
¢ G s I vV F Y I M KUY Y L L Q I * y *

12121  TTIYTGATAAGCTIGCTCAATTATTGATTCTTTTATICGCCAATCCTGCTGCAGTTGATAC 12180
F = *+ A ¢ 8 I I D CPF I RS COC S * ¥
F D K L A @ L L I VL F A NP A-ZAV DT
L L I 8§ L L N Y * L P ¥Y S P TIT L L Q L I

12181 TARGTGTCTTGCAAGTATAGATGAAGTTAGCGATGATTATGTTCAAGATAGTACCGTTIT 12240
* V. 8 ¢C K ¥ R * 5§ *# R * L C 8 R * ¥ R F
K ¢ L A S I DEV 8 DD VY V QD S T V L
L 8§ VL Qv »M KL AMIMPIERKTIUVPF

12241 GCAGGCTTTGCAAAGTGAGTITCTARATATGGCTAGT TTTGTTGAATATGAAGTCGCARA 12300
A G F A K * V ¢ K Y G * F ¢ * I * 8 R K
Q A L Q 8 EF V N M A S F V E Y EV A K
¢ R L C KV 8L *» I W L V L L NMIK § Q

12301 GAAMRATTTGGCTGATGCTAARRATAGTGGTTCTGTTAATCAACAACAGATARAACAGTT 123690
E K F G *» ¢ * K * W PF C * 8 T T D K T V
K N L. A D A KN § G 8V N @ Q 0 I K 9 L
R K I WL ML K I VV L L I NNIR * N 8

12361 AGAAAPAGCATGTAATATAGCTAAGTCTGTGTATGAACGTGATAAAGCTGTAGCTCGCAA 12420
R K 8§ M * Y g = VvV CV *» T * *» g ¢ S8 8 Q
E K A CNTIBAIK SV Y ERDIEKAUV A RIK
* K K H VvV I * L 8§ L ¢ M N V I XK L * L A
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12421

12481

12541

12601

12661

12721

12781

12841

12901

ACTTGAACGTATGGCAGACCTAGCACTTACTAACATGTATAARGAGGCTCGGATTAATGA

T * T ¥ G R P § T Y ¥ H V * R G 8§ p » =
L BE R M A DL AL TUHNMYKEDRARTINDID

N L N VvV W Q T * H L L T € I K R L G L. M

TARGAAGAGTARAGTTGTTTCCGCITTGCAGACAATGCTTTTTAGCATGGTTCGTAAATT
* E E * § ¢ F R F A D N A F * H G 8§ = I
K K 8 K VvV S AL QT L F 8 MV R KL
I R RV K L F P L C R QC F L A W F V N

GGATAATCAGGCTTTAAATTCTATTCTGGATAATCCTGTTARAGGTTGTGTACCTTTGAG
G * 8 G F K F Y 8 GG * CC*¥ R L CTF E

D N ¢ AL N S I L D NAV KGCV P L 8
W I I R L * I L ¥ W I M L L XK V V Y L *

TGCTATTCCAGCATTICGCTGCTAATACTTTAACTATAGTAATACCAGATARACEAGTTTT
cC Y 8 8 1 6 C * Y F NY 8 NTUR * T § F
A I p A L A ANTIL T I V I PDKXQVPF
vV L F ¢4 H W L L I L * L * * ¥ Q I N K F

TGATAARAGTTGTTGATAATGTTTATGTTACATATGCTGGTAGTCTATGGCATATACAGAL
*= * § ¢ * * C L C Y I C W * C M A Y T D
D KV VDNV Y VT YAGS V WHIOQT
L I X L L I m P ML HMULV V Y G I YR

TETTCAAGATCCTGATGGTATTAATAAACAGTTAACTGATATTAGTGTTGATTCTAATTG
¢ 8 R C ¥ W Y * * 7T V N ¥+ Yy * ¢ * P * L

vV Q DA DG I NIKOQULTDI S VD SNV
L F KM L MV L I NS * L I L VL I L I

GCCTCTTGTTATCATTGCCARCAGGTATAATGAAGTTICCTAATCCTGTTATCCACGAATAA
A 8 ¢C Y HCE Q V * * g ¢ * ¢ C ¥ A E *
P L VI I ANRYUNEV AN ADBV Mg NN
6 L L . &8 L R T G I MK IL L ML L C R I

TGAGTTGATGCCTCATARATTAAAARATACAAGTTETTAATACTGETTCTGATATGAATTG
* ¥y D A S * I K N T S C *» * W F * Y B L
E L M P HIKIL K I QVV NS G S D NMDNC

M &8 * ¢ L I N * K Y KL L I V V L I « I

TARTATTCCTACTCARTCTTAT TATAATAATGGTAGTAGTGCTAGAATAGTTTATGCTGT
* ¥ 8 Y S M L L * ¥ W *» * W * N 8§ L ¢ C
N I P T Q €C Y Y W NG & S G R I V Y &V
v I F L, L N V I I I M VV V V E * F ML
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12961

13021

13081

13141

13201

13261

13321

13381

13441

TCTTAGTGATGTTGATGGTCTTAAGTATACTARGATAATGARAGATGATGGAAATTCTGT
S * * C * W g + VvV Y * B N E R * W K L C
L 8§ DV DGL X Y T K I MEKXDDGUNC V
F L v M L M VvV L 8§ I L R * * K MM E I V

TGTTTTAGAGCTTGATCCTCCTTGTAAATTTTCTATACAAGATGTTAAGGGACTTAARAT
¢ R A * g 8 L * I F Y T R C * g T « N
v L EL b P P CKF S I ¢ DV K G L K I

L » * 8 L I L L VNP L Y KM LIRD L K

TAAGTATCTTTATTTTATTAAAGGATGTAACACTTTAGCTAGAGGETGGGCTTGTTGETAC
* vV 5 L F Y * R M * HF 8 * R VYV 6 C W ¥
K ¥ L ¥ F I K 6 C N T L A& R G WV V G T
L 8 1 F ¥ L L K DV T L * L B & 6 L L Vv

TTTATCTTCAACAATTAGATTGCAGGCTGGTGTTGCTACTGAGTATGCAGCTAATTCTTC
F I F ¥ N * I A 6 W C C ¥ » Vv C 5 * 7 P
L 8 8§ T I R L Q A GV A TEUY A DANUN S8 8

LY L ¢ 0L P CRL VL L L 8 M QL I L

TATACTTTCATTATGTGCATTTTCTGTAGATCCTAAGARAARCT TATTTAGATTATATACA
Y T F I Mm ¢ I F C R S8 * E N L F RUL Y T

I L. 8 L ¢CA F 8 V D PIK K T Y L DY I 0
L ¥ F HY VHPF L * I L R X L I *» I I Y

ACAAGGTGGTGTACCTATAATTAATTGTCTTAARATGCTCTEGTGATCATGCTGGTACTGG
T R W C T Y N * L ¢ * NA L * 8 C W Y W
Q 6 6 VPIINUCUCYVY KMULCDHAMGTG
N K VvV Y L * L I VL KOCCUS8 V I MUL VL

TATGGCCATTACTARTTAAACCTGAGGCTACTATTAACCAAGATTCTTATGGTGGTGCCTC
Y G H Y Y * T » § Y ¥ * P R F L WW C L
M A I T I K P E AT I N QD 8 Y G G A S8
vV ¥ P L L L N L R L L L T X I L M V Vv p

AGTTTCTATTTATTECCHIGCACGTCTACAGCATCCAGATE TAGATGETATATGTARATT
S L ¥Y L L P C T CRDAS R C R W Y M * I

v ¢ I Y ¢ RAUBRVYVY EIHRUPLV DG I CK L
g F V F I AV HV * 5§ I OM * M V Y VN

ACGTGGTAAATTTGTACARGTCCCTTTGGETATAAARGATCCTATTCTTTATG TG TTRAL
T W+ I ¢C T § P F G Y KRS Y S§ L C VN

R ¢ XK F V Q V P L ¢ I K D P I L Y V L T
Yy vV VNLY K S LWV * K I L F F MC *
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13501 ACATGATGTTIGTCAAGCTCTGTCGTTTTTGGAGAGATGGECAGTTGCTTOCTETGTAGETTC 13560
T * ¢ L 8 85 L W F L BE R W Q L F L CR F
H DV € Q V¢ G F WRUDG S C S ¢ V G S
H MM PF V K §V V F G EMAVV V B V *» Vv

13561 AAGTGTCGCTGTTCAATCTAAAGATTTAAATTITTITAAACGGGTTCGGEGTACTAGTGTG 13620
X ¢C R C S 1I * R F K F F KRV RGT S V
S VAV Q 8 KDL N F L NGCGF &V L Vv *
Q v s L F® L KI * I F * T G 8 G Y *» C

13621 AATGCCCGGCTAGTACCCTGIGCTAGTGEGTTTATCTACTGATGTTCAATTAAGGGCATTT 13680
N ARL YV P CASCGL STUDVQLRA ATF
M P G ¥ Y P VL VYV Y L L MU FUN* G H L
E ¢ P A ST L C * WPF I Y * C 85 I K G I

13681 GACATTTGTAATACCAATAGAGCTGGTATAGGTTTATATTATARAGTGAATTGTTGCCAT 13740
D I ¢C N T NURAG I 66 L Y Y XK V NC CR
T F V I P I E L V * ¥V Y I I K * I V A V
* H L * ¥ ¢ * & W Y R F I L * 8§ E L L P

13741 TTTCAGCGTATAGATGACGACGGTAATAAATTGGATAAGTTICITTGTTGTCAAAAGARCT 13800
F Q R I D DDSGNI KIULDI KV FF VY V KUZRT
F 8 V. * M T T V I ¥ W I $ 8 L L 8 K E L
F 8 A Y R *» R R *» * 1 § * VvV L C C Q X N

13801 AATTTAGAAGTTTATAATAAAGAGAAAACTTATTATGAGTTGACTAAARGTTGTGGTGTT 13860
¥ I+, E vV Y ¥ K E K T Y Y E L T K 8 C 6 V
i *» K F I I KR K DL I M 8 * L K V V V L
* F R § L » * R ENL L * V D * K L W C

13861 GTGGCTGAACATGATTTCTTTACATTTGATATTGATGCTAGTCGCGTGCCACATATAGTT 13920
vV A EHDF P T F D I D G & R V P H I V
WL NMISILHEHLIILMUYWVAUCHTI ¥ F
¢c ¢ * T *» F L ¥Y I * ¥ * W + 8 R A T Y 8

13921 CGTAGGAATCTTTCARAGTATACTATGTTAGATCTTTGCTATGCATTGCGTCATTTTGAT 13980
R R N L 8 K Y T M L D L € ¥ A L R H F D
v & I F Q &8 I L ¢ *» I F A MUHBCGCY I L I
s * E S8 F KV Y Y VR S L L CI A S F *

13981 CGTAATGATTGTTCAATATTIGTGCTGRAATTCTTTCTGAGTATGCTGATTGTARAGAATCC 14040
R N D CS I L CE I L €CE Y A D CZKE 8
v M IV QY CV KPFPFV S8 MIL I V KNP
§ » *» L F N I V * N 8 L * VvV ¢ * I, *» R I
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14041

14101

141861

14221

14281

14341

14401

14461

14521

TACTTTTCTAAGAAAGATTGGTATGATTTTGTTCAARATCCTGATATTATTAATATATAT
Y F 8 K X D W Y D F V E NUPD I I N I Y
T FP L R X I GM I L L XK I L I L L 1 v 1
L L F *» E R L V *» F C * K § + ¥ Y * ¥ I

AAARAATTAGGCCCTATTTITAATAGAGCTTTACT TAATACTGTCATTTTTGCAGACACT
K XK L ¢ P I F N RALILNTTUV I FfF ADT
K N *» A L F L I B L ¥ L I L 8 F L Q T P

* X I R P Y F *» ¥ 5§ F T * Y C H F CR H

TTAGTTGAAGTAGGTTTAGTTGGTGTTTTAACTTTAGATARCCAAGATTTGTATGGTCAA
L VEV G LV G VL TILDWNUGQUDTULY ¢ ©Q
* L K * VvV ¥ L V F * L * I T K I ¢ M V N
L § * 8 R F § W C P N F R * P R F V W 8

TCETATGATTTTGETCATTT TATACAAACAGCCCCAGGGTTTGG TG TG CAGT TGCACAT
w Y D F G D F I QTAUPGVPF G V A V A D
G M I L VI LY KOQUPOQOGL VW QoL QI

M V * F W > F Y TN S P R V W C G § C R

TCTTACTATTCTTATATGATGCCTATCTIGACTATGTATCATG TAT I ASAT TG TGAATTA
& ¥ ¥ 8 Y MM P ML TMCHYVY L P ¢ E L
L T I L I * ¢ L CC*¥ L C VMY * I V N Y
F L L P L Y DAY VDY V 8 C I R L * 3

TTTIGTTAATGATAGTTATAGACARTTCGATCTTETACAG TATGATTTTACTGATTACAAG
¥ vV N DB 8 YR Q F DLV Q Y DF T D Y K

L L ¥ I v I DNGSI LY S M I L L I T 8
I ¢ * *» x § * T I R & C T VvV * F ¥ » I

TTAGAGTTGTTTAATARGTATTTTAAGTATTGGCGTATGAAGTATCATCCTAATACTGTG

L E L F N K Y F K Y W GG MK Y HPNTV

* 858 ¢ L I 8§ I L 81I 6V *¥ 8 1 I L I L W
VRV V ¥ *» Vv F * ¥ L ¢ Y BE V 8 8§ *» Y C

GATTGTGiTAATGATAGGTGTATTATTCATTGTGCTAATTTTAATATACTATTTAGTATG

D ¢CDNDRUGCTIIHUCANTEFNIULTF S M
I VIMIGYULTPFTIUVTILTILTIZYJYTLUVW

G L *x % + & Y ¥ ¥ 8§ L € * F * Y T T + ¥

GTTTTACCTAATACTTGTTTTGETCCCCTTGT TAGACARAT TTTTCTAGATGETCTALCE
vV L P N T CPF G P L VR @ 1 F VDG V P

F Y L I L VvV L V ?P L L. D K F L * M V Y R
G F T ¢#» Y L F WS P C* 7T HNTF CRWOCT
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14581

14641

14701

14761

14821

14881

14941

15001

150861

TTTGTTGTTTCTATTGGTTACCATTACAAAGAGTTAGGTGTAGTTATGAACTTRAGATGTT
F Vv 8 I 6 ¥YH Y K EL GV VMUV TIL DV
L L F L L v T I T K 8§ * v % 1L, + 7 * M [

v ¢ ¢ F Y WL P L RV RC S Y E L R C

GACACACACCGTTATCGTTIGTCTCTTAAAGAT TTACTTCTTTATGCAGCAGATCCTGCT

D T H R Y R L $ L XKD LV L L ¥ A A D P A
T H T VI vV CL L K I Y F F M QO I L L

*H T P L S8 F V & * RF T S L C 8 PR S C

ATGCACGTTECATCTGCTAGTGCTCTGCTTGAT T TACGAAL TTCTTC TT T TAGTETAGCT
M H vV A S A 8 A L L DL R T CC F § V A

€T L HLLLV EC LI Y E L VY V L VvV « L
¥ AR C I C *C S A *F TNLULP * C 8

GCCATTACAAGTGGTATAARATTTCARACTGTAAAACCAGGTAACTTTAACCAAGACTTT

A I T 8§ 6 I K ¥ Q T vV X P & NVF N QD F
P L Q V VvV *» N F KL * N Q V T L T X T F

C H Y KW Y K I 8 N CEK TR * L * P R L

TACGAGTTTGTTAAAAGTRAAAGGUTTGTTTAARGAGGETAGTACAGTTGAT TTGARACAT

Y E F V KS8 KGL F KEUGS TV DL K #
T ¢ L L K V KA L X RV V QL T * N I

L RV ¢ * K * R L V * R G * ¥ § » F E T

TTTTTCTTTACTCARGATGGTARTGCTGCAATTACTGATTATAATTATTATAAGTATAAT
F F F T QD GNAMBATITD VY N Y Y X Y N

F 9 L L X M VML QL L I [ I I I 8 I
F F L Y 8 R W * £ C N Y * L * L I, * V =*

TTACCTACTATGGTTCATATTARGCAGTTATIGTTTGTATTAGAAGTTGT TTATAAATAT
L P T ¥ VD I KQ@UIL L ¥® VL EV V Y K Y

¥ L L ¥ L I L 8 8§ Y CL Y * KL F I N I
F T ¥ Y 6 *» ¥ * A vV I V C I R S C L * I

TTTGAAATTTATGATCGTGETTGTATACCAGCATCACAAGTTAT TCT TAATAATTATGAT
P E I Y DG G CI PAS QV I V NNJZYTD
L K F M MV VV Y 0HHIKILILILITIMI

F * N L * W W L Y T 8 I T 8§ ¥ ¢ * = 1, *

AARAGTGCTGGTTATCCATTTAATAAATTTGGTARAAGCCAGACTTTATTATGAGGCATTA
K 8 A G Y P FNKVF G KAURDLY Y EAL
K v L V. I H L I N L V XK P D F I MR H Y
*# K C WL 8 I * ¥ I W * 8 Q T L L * G 1
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15121

15181

15241

15301

15361

15421

15481

15541

15601

TCATTTGAGGAACAGAATGAAATTTATGCATATACTAAACGTRATGTTCTGCCCACCTTA
§ F E E QN E I ¥ 2 Y T™ KR NV L P T L

H L R NRMIKXPFPFMUHTILNUVVMUPFC©P p *
I T *6 T E* N L CI Y * T * C S§ A H L

ACTCAAATGAATTTAARATATGCTATCAGTGCTAAGAATAGAGCTCGCACTSTAGCAGET
T @ M N L K Y A I 8 A KU NI RA AR RTUV 2 G
L K * I * N M L 5§ V L R I E L A L * Q V
N &§ N E F K I CY Q C* E * 8 8 HC 8§ R

GTTTCTATTCTTAGTACTATGACAGGCCCAATETTCCATCARRAATG T TTGARGAGTATA
vV 8§ I L §8TMTGRMUPHQKTCIL K S 1

F L F L V L * Q A E C 8 I XK N V * R V =
¢C F Y 8 * ¥ Y DRUPNUV P $ KMUF E E Y

GCAGCTACCCGAGGTIGTTCCTGTTGTTATAGGAACCACTAAATTITATGCTGGTTGGGAC
A A TR GV PV V I GT T K F Y 6 G W D

L P EV F L L L * E P L NP MV VG T
$§ 8 ¥ P R CS CC Y RUNUH®* I L WWUL G

GATATGTTACGTCATCTTATARAGGATCTTCGACAACCCTGTTCTTATCGETTCGGAT AT

D M L R H L I XK P VDN P V L MG WD Y
I ¢ Y vI L *RMULTT UL F L W VG X I

R ¥ VT S 8 Y K G C *» Q pPpC 5 Y ¢ L G L

CCTAAATGTGATCGTGCTATGCCAAATATTTTGCG TATTGTTAGTAGT T TAGTTTTGGCC
P K CDRAMPNIILRIV S S L V L A
L N VI VL COQIFCV L L V V * F W P
5§ * M * 8 C Y A K Y ¥ A Y C * * FP 8§ F G

CGCAAACATGAATTTTGTTGTTCACATGETCGATAGATTTTATCGCCTTGCCGAATGAATET
R K HEF CC S8 H-6GDRUPF Y RL ANZETC

A N MN F V VHMUV I DPF I AL RMNV
P Q T * I L L F T W * * I L 8P CE * M

GCTCAAGTTTTCGAGTGARATAGTTATGTGTCCCGETTGCTATTATGTTAACCCTCETCET
A Q V L § B I VM C GG ¢ Y YV KT PG G

L X F * VvV X L ¢V AV A I ML § L V V
¢c s 8 FE * N 8 Y VWR L L L ¢ * A W W

ACTAGCAGTCOTGATGCAACTACTGCTTTICCTAAT TCTGT T TTTAATATATGTCAGGCT

T 8 S G P AT T A F AN SV F NTICOQSB
L A VvV WMQL L L L L I L F L I ¥ V R L

Y * g W * ¢ N Y C F C * F CF * ¥ M 8 ¢
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15661

15721

15781

15841

15501

15861

16021

16081

16141

GTTACTGCTAATGTTIGTTCTCTTATGGCCTGTAATGGCCATAAGATTGAAGATTTAAGT

v T A NV €5 L MACNGHI XKTIEDTIL S
¥ L L M F VL L WP VM ATIZ RILIEKTI®*V

c ¥y ¢ » C L F 8 Y 6 L * W P * D * R F K

ATACGCAATTTACRAAAACGCTTATACTCTAATGTTTATCCTACAGATTATGTTCATTAT
I R N L Q KR L ¥ 8 NV YR TD Y V DY
Y A I ¥ X N A Y T L M PF I V Q I M L I 1

Yy T Q¢ FT XK T®™ L I L * L 8 Y R L C * L

ACATTTGTTAATGAGTATTATGAATTTTTATGTAAGCATTTTAGTATGATGATTTTGAGT
T F VvV N E Y Y BE F L C K HF 8 M M I L 8§

# L L M 8 I M N F Y V § I L V * % ¥ ¥ y
Yy r ¢ «» * v L * I F M * A F * ¥Y D D F E

GATGATGGTGTIGTCTGTTATAACTCTGATTATGCTAGTAAGGGTTATATAGCTAATATA
D DG VV QY NS D VY A S K G Y I AN I
M MV L 858V I T L I ML V RV I * L I *

** W CC L L ¥ L * L C * * G5 L Y § * Y

AGTGTTTTTCAACAAGTTTTGTACTATCAGAATAATGTCTTTATGTCTGAATCTAAATGT
§ vV F Q Q V L ¥ Y Q NNV F M 8§ E 8 K C
vV F F N K F C T IR I MS L C L N L NV
K ¢ F 8T 8§ F VL S E®* CL Y V *» I * M

TGEETIGAAAATGATATTACTAATGGTCCTCATGAATTTTCTTCCCAACATACTATGTTA
W VvV END I TNGU?PHEVF C S8 Q H T ML
¢ L X M I L LMV L MNUPFV PN I L C »

L 6 » XK * ¥ ¥Y * W § 8§ * I L F P T Y ¥ V

GTTARGATAGATGGTGATTATGTTTATTTACCATATCCAGATCCTTCTAGAATTTITAGGA
v X I » ¢ p Y VY L P Y P D P S R I L G

L R * M v I M F I ¥ H I Q I L L E F * E
$ * D R W * L C L FTZI S R S8 F * N F R

GCTGGTIGTTT TG T TGATCATTTATTIGAAGACTGACAGTGTTCT TTIGATAGAGCECTTT

A G C F VDDL L K TD S V L L I ER F
L v v L L Mm I ¥ * R L TV F F * * 5 A L

g W L FC * v F I E D * Q C S8 F DR A L

GTAAGTCTAGCTATAGATGCTTACCCTTTAGTACATCATGAARATGAAGAATACCARAAR

vV § L. A I DAY P L VHUHUEWNEEUY @ K
* vV ¥ L M L T L * Y I M KM KN T K K

¢ K 8§ 8 ¥ R CL P F 8§ T 8§ * K * R I P K
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16201

16261

16321

16381

16441

16501

16561

16621

16681

GTCTTTCGTGTATATTTAGAATATATAAAAAAACTCTATAATGATCTTGCTACTCAGATC
vV F RV Y L EY I KZXL Y NDULGTQ I
§ F VY I *» N I » KN C I M I L V L R §
§ & § ¢C I FRI VY KU KTV * *# 5 W Y S D

TTAGATAGTTATAGTCTTATTTTARGTACTTIGTCATGETTTAAACTTTACTCAAGAATCA
L DS ¥Y $ VI L &T CD G L K F T EE 8
* I VvV I vV L F * V L VM V * 5 L L X N H
L R * L * C Y F K Y L * W F X V ¥ * R T

TTTTACAAGAATATGTATTTARAAAGTGCCGTGATGCAGAGTGTAGETGCATCCOTTETT
F Y KN MY L K S A VM O SV 6 A CV V
F T R I C I ¥ KV P * ¢ RV * V HA L F
I L Q E Y VY F KKC CRDPAETU CTZERTC CMTZPRTC

TGTTCATCACAAACTTCTTTGCGTTCTGCCAGTTCTATACCTAAGCCTTTCTTATETTOT
¢ 8 8 ¢ 7T S L R CG S C I RKUPTILILTCGCOC
VHH X L L C V VAV YV Y V S L C Y V V
L F I T N F F AL WOQUIL Y T * A F V ML

ARATGTTCTTATGACCATGTTATGGCAACTAATCATAAATATC T T TTCACTETCTCACCT
K ¢ ¢ ¥ D H VY M A TNUHIK Y VL 8 V 8 p
N VvV v T ML W Q L I I N MVF * VvV § H L
*M L L * P C Y G N * 8§ * I CF ECUL T

TACGTTTETAATGCACCTAACTGTGATGTGAGTCGATGTCACCAAATTATATTTCEGCGET

Yy vV L N A PN CD UV $§D V T KL Y L G G
T F VM HL T VM *¥ VM $§ P N Y I WAV

LR L *CT* L * CE * CHG I I F G R

ATGTCTTACTATTGIGAARACCATAAACCCCATTATTCATTTAACTTAGTTATGANTGGT
M 8 Y Y C BENUHIKUPHY 8 F KL VMN G
¢ L T I V KT I NUPITIHUL S * L * MV
Yy v L, L L * K P * TP L F I *» V 8§ Y E W

ATGETCTITECTTTETATAAACAATCTTGCACGGETTCACCTTATATAGATGATTTTART
MV F 6 L Y XK Q & C T 6 8 P Y I D D F N
W 8 L vV ¢ I ¥ N I ARV HL I * M I L I
Y 6 L W F V * 7 I L HGF T L Y R * p =

AAGATAGCTAGTIGTARATGCACAGAAGTTGATCATTATGTTCTGGCARAATCAGTGTATT
K I A 8 C KWTEVDDY VL ANETC I
R * L V V N G ¢ K L M I M P W Q M 8 V L
* D 8 * L *M DRSS * *x L C 8 G K * VvV Y
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16741

16801

16861

16921

16981

17041

17101

1716l

17221

GAACGTTTARAGTTATTTGCTGCAGAAARCTCARAAGGCAACTGAAGACGCTTTTARACAA
ERL KDL F A A ET QZXKATZEZES AT FIZKQ
N V * 8 Y L L ¢ KL KR @ L K R L L N K
* T F K VvV I C CRDNG S X G N * R G F *= 7T

AGCTATGCTTCTGCTACCATTCAAGAGATTGTTAGTGATAGAGAASTTATTTTOTET TGS
§ Y A 8§ AT I Q E I ¥V &8 DREUV I LC W
A ML L L P F KRULILUWVIUEZ KTULTZPOCECV G

XK L ¢ F C Y H S8 R D C * * « R g Y F V L

GAGACAGGTAAAGTTAAACCACCACTTAATAAARATTATGTTTTCACACCCTACCATTTT
E T G X V K P P L N XN Y VP TG Y K F
R Q V XL N HH L I XK I M PF 8 ¢ AT I L
G b R * g * T T P ¥ * XK L C ¥ H R L P F

ACTAGTACTGGTAAGACAGTTTTAGGTGAGTATGT T T TTGATAAAAGTGAATTAACTAAC
T $8 T 6 K T V L G E Y V P D K S E L T N

L Vv L VR Q FPF * V S MF L I X VN * L T
¥ * Yy w * D § F R * V CF *» * K *» I N *

GGTGTGTATTACCGCGCTACAACTACTTATARACTTTCTATAGGTCATGTTTT TG TTTTA
G VvV Y ¥ R A T T T Y KL 8 I ¢ p V F V L

v ¢ I TADL QL L I NVPIL * VYV MF L Fr *
R ¢V L P R Y NY L * T F Y R * O P C F

ACATCACATTCTGTAGCTAGTTTAAGTGCACCTACACTTGTCCCACAAGAGAACTATGCT
T S H &8 V A § L § A P T L V P Q E N Y A
H H I L * L V * V H L H L 8 H K R T M L

N I T ®F C 8§ * F K C T Y T ¢ P TRUE UL C

AGTATAARGATTTTCTAGTGTTTATAGTGTTCCATTGG TG T TTCAAAATAATGTTGCTAAT
§ I R P &8 8§V ¥ 8 V P L V F Q NNV A N
v * B F L vV F I VF HW CVF K I M L L I
*# Y K I F » ¢ L * £ 8 I G V 8 K * ¢ ¢ =

TATCAGCACATTGGAATGARACGTTATTGCACTGTTCAAGGTCCCCCTGGTACGGGARAG

Y Q H I 6 M KRYCTUV QG P P G T G K
1 8 T L E * NV IAULTFIXUV?PIL VERZES

L 8 A H W N ETULULHOUCS R S8 P W Y G K

TCTCATCTTGCTATAGGTCTAGCTGTTTATTACTACACAGCACGTGTAGTTTATACTGCT
S H L A I G L AV Y Y Y T ARV V Y T B
¥y I L L * VvV *x L F I TT Q H V *# F I L L

v 8§ 8 ¢ Y R S 8 CLLLHSTOCSTIL Y OCC
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17281

17341

17401

17461

17521

17581

17641

17701

17761

GCTAGTCATGCTGCTGTAGATGCATTGTGTGAAAAAGCTTATAAGTTTTTAARTATTAAL
A 8 H A AV DAL CEUZ KA AYI K F L N I N

L v M L L * M H CV K KL I & F * I L T
¢ *s € CCRCI V * K 8 L * Vv f K Y *

GATTGTACACGTATTATTCCTGCTAAAGTTCGTGTAGATTGTTATGATAAGT TTAAAATT

P ¢C TR I I P AR KV RV D C VY DK F K I
I VH V L F L L X F V *» I Vv M I 8 L X L

R L ¥ T Y Y 8§ ¢ » 8 8§ C R L I, » * Vv = N

AATGATACCACTTGTAAGTATGTTTTTACCACAATAARTGCATTACCAGAGTTGGTTACA
N DT T CK Y VFPFTTIINAILUPETDL VT

M I P L V 8 M P L P Q * M H VY Q S W L Q
* *Y H L * V ¢CF Y HUN K CTI TRV G Y

GATATTGTTGTTGTTGATGAAGTTAGTATGC T TACTAATTATGAAT TG TCTGTTATARAT
D I VvV VD EV S MULTNYETULS V I N

I L L L LM KDL WV CLDIL I MUNTZGCILIL * M
R Y C ¢ C * % g « y A ¥ = L, * I v ¢ Y K

GCTCGTATTAAAGCTAAACATTATGTATATATTGGAGATCCTGCTICAATTACCTGCACCA
A R I K A KHY VY I G D P A QUL P A P

L vV L X L N I M ¥ I L BE T L L N Y L H H
¢ 8§ Y * 8 »# T L €C ¥ ¥ W R § ¢C 8 I T C T

CGTGTGCTGTTGAGCARGGETTCTTTAGAACCTAGGCACTTCAATTCTATTACTARARTA
R V L L § K G 8§ L B P R H PF N & I T K 1
v ¢ ¢ * A RV L * N L ¢ T S I L L L K *

T ¢C AV E Q G F F RT * A L Q F Y Y * N

ATCTGTTGTTTAGGTCCTGATATCTTTTTGCGAAAT TETTATAGETETCCTAAACAAATT
M ¢ L 6 PD I PF LGN CY RC P K E I
¢c vv *» v L I §8 F WE I VI G V L X K L

N V L F R 8 * Y L F G K L L * VvV 8 % R N

GTAGAAACTGTTTCAGCATTGGTTTATGATAATAAACTCAAGGCTAAMALATGATAATAGT
vV ETV § AL VY DNZ KL X A KNDN 8

*K L F Q H W F M I I N GSRULIXKXMTITIWV
C RN CPF § I G L * * * T O G * R * * =+

TCATTATGTTTTAAAGTATATTTTAAGGGACAGACAACACATGAGAGTTCAAGTGCTGTA
$ L ¢ F KV Y F K G QT THUES S § a vV
H Y V L K ¥ I L R DURQHMZ RV Q V L *

F I M F * 8 I F * 6 T D N T *» E F K ¢ ¢
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17821

17881

17941

18001

18061

18121

18181

18241

183201

AATATTCAACAGATATATCTAATTAGTAAATTTTTAAAAGCTAATCCAGT M TGSAATAGT

N I ¢ @ I ¥ L I 8 XK F L. K A N P V WN S
I F N R Y I * L VN F * KL I Q F G I V

K'Yy 8 T D I 8 N * * I F K S * § S L E *

GCTGTTTTTATTAGTCCTTATAATAGTCAGAATTATGTTECTAAGCG TG T T TTAGGTETT

AV F I 8P Y NS QONYVAIEKZRVUVL GV
L ¥ L L VL I I vV R I ML L 8§V F ¢« VvV F

¢c ¢ F Y * 85 L *¥* 5 EL CC* A CPRC

CARACACAARCTGTAGATTCTGCTCAAGGTTCGGAATATGATTATG T TATATATTCACAA
Q T Q T V D S A QC S8 E Y DB Y VI Y 5 O

K H K L *» I L L X VvV R N M I ML Y I H K
S ¥ T N C R F C SR F G I * L ¢ Y I P T

ACAGCAGRAACAGCCCATTCTGTTARTGTTAATCGATTTAATGTTGCCATAACTAGAGCC

T A E T A H S VNV NRFNVATITRA
¢ ¢ K Q P I L LM L I D LMULUP+ L, B P

N 8§ R N S§ P F C *» C * § I * C CHN * 8

AAGAAGGCCATTTTTTGTGTTATGAGTAATATGCAATTATT TGAATCTCT TAATTTTATT
K XK 6 I F C VM S5 N MO L F E § L N F I
R R A F F VL *» VvV I ¢ N Y L N L L I L L

¢ E G H F L CY E * Y A I I # I 8§ + ¢ ¥

ACTCTACCTTTAGATARAATTCARARTCARACTTTACCTCGTTIGCATTIGCACAACTAAT
T I P L DK I QN QT L PR L HCT TN
L ¥y L * I K F K I KL ¥ L Vv C I A Q L I

Yy 8 T F R * N 8§ K 28 NPF T S F B L H N *

CTTTTTAARGATTGTACTARMAGTTCCTTAGGTTATCATCCAGCECATGCCCCCTCATTT
L F KD C S8 K 8§ C L 6 Y H P A H B P 8§ F

F L XK I VvV VvV XKV AV I I Q RMUPUPHF
5 ¥ * R L * * ¥ L L RL 8 3 8 A C P L I

TTAGCAGTTGATGATARATATAAGEG T TAATCAAAAT TTGGC TG TAARTTTARATATTIGT
L AV DD K Y KV NZEWNILAVDNILNTITC
* 9 L M I N I R L MK I WL * I * 1 p Vv

F § 8§ * * =+ T * g * *» K F G C K F K ¥ L

GARCCTGTTTTARCATATTCTCGTTTAATATCTCTTATGGGT T TARATTAGATTTGACT
E PV L T Y R L I SLMOGTFIZ XKL DILT
N L F * H I L V * ¥ L L W V L N * I * L
* T ¢ F N I F 8 F ¥ I 8 ¥ ¢ F * T R F D
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18361 CTTCATCGTTATTCTAAATTGTTTATTACTAAAGATGAAGCCATTAAACGTGTTAGAGGT 18420
L DG Y 8 KL F I T XKD EMDBTIUZXKU® RUVYVRG
L M VvV I L N ¢ L L L KM K P L NV L E V
$ * W L F * I V Y Y *» R * &8 H * T € * R

18421 TGEETTGCTTTTCATGTTGAGGGCGCTCATGCTACTCGCGARAACATTGGAACARACTTT 18480
W V¢ F DV EG2AHA AT REUNTITGTHNF
¢ L vV L M L R A LMULTULWATIKTTULETGQTF
L 6 W F * ¢ * g R 8 C Y 8 R KHWDN K L

18481 CCACTGCAAATAGGTTTTICAACTGGTGTGGATTITCTAGTTGAAGCTACTCGCTTATIT 18540
P L Q I G F $§ T G VD F V VEATG DL F
H ¢ K » V F L V W I L * L X L L A Y L
8 TA N R F F NWCG F C § *« 5 ¥ W L I

18541 GCTGAGAGAGATTGTTATACTTTTAAAAAAACTGTAGCTAAAGCTCCTCCTGGTGAMAAL 18600
A B R D C Y T F KK TV A KA P P G E K
L R E I vV I L L KI KUIL * L KL L L Vv KN
¢ * E R L L ¥ F » KX N CS§ * 8 8 8 W * K

18601 TTTAAACATTTAATACCCCTTATGTCAARAGGTCARAAGTGGGATATTGTTAGARTTAGA 18660
F X H L I P L M 8 K 6 Q K W D I VvV R I R
L N I * ¥ P L C Q K V K &8 6 I L L E L E
I + 7T F NTP Y V KRS KV GG Y C * N *

18661 ATTCTTCAAATGTTATCTCATTATCTTTTAGACCTTTCTGATAGTGTACTATTTATTACT 18720
I vweg Mm L § P Y L L D L 8D S V V F I T
L F K CY L I I 7 * T F L I VvV * ¥ L L L
N ¢ 8 N VI * L 8§ F R P F * *» £ g I Y ¥

18721 TGGTCIGCCAGTTTTGAACITACTTGTTTAAGGTATTTTGCTAAATTAGGCAGAGAGCTT 18780
W & A 5§ P BE L T C L RY P A KL G R E L
¢ L P V L ¥ L BV * ¢ I L L N * A E 8§ L
¥ vV ¢ ¢ F * T Y L F K V F C * I R Q R A

18781 AATTGTAATGTCIGITCTAATCGTGCTACATCCTACAATTCTAGAACTGETTATTATGGT 18840
N ¢C N V C 8 NRATOCYDN S RTG Y Y G
I v M CV L IV LHEATTIULETLUVIMUVY
* L * ¢ VF * 58 C Y ML Q F * N W L L W

18841 TGTTGGCGCCATAGTTATACTTGTGATTATETGTATAATCCACTTATTGTAGATATACAA 18900
¢C ¥ R H 8 v 7T ¢ D Y VYV ¥ N P L I V D I @
vV ¢6 A ¥V I L vIMCTIIHIDLUDL * I Y N
L L A P * L Y L ¥ L ¢V *» § 7 Y CRUY T
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18901 CAGTGGCGITATACAGGTTCTTTAACTAGTAATCACGATATAATTTGTAATGTACATARA 18960
Q W ¢ ¥ T G 8 L T § N H D I I CNV HEK
$ G vV I QV L *» L V I T I * F V M VY I K
T VG L Y R P PN * * 8 R Y N L * ¢ T =

18961 GGTGCACATGTTGCGTCAGCTGATGCAATTATGACTCGTTGTTTAGCAATCTATGATIGT 19020
G A HV A S ADAIMTRCILATIYDSZC
vV H M L R Q L M Q L * L V V *» g 8§ M I V
R CTCCV S * CNUYD S L F 8§ N L * L

19021 TTTIGTAAATCTGTTAATTGGAATTTAGAGTATCCAATAATTTCTAATGAGCTCAGTATA 19080
F ¢ K § V N ¥ ¥ L E Y P I I &8 N EBE V 8 I
F VN LL I GTI * § 1 Q * F L MR S Vv *
F L * I € * L BE F RV S§ N NTF » » G Q0 Y

19081 AATACATCTIGTAGGTTATTGCAGCGTGTCATCCTTAAAGCTGCCATGCTATGTAATAGA 19140
N T 8§ ¢C R L L Q RV ML KA AAMTIELTC N R
I HL v G ¥ C 8 VS CL KL POCY UV I D
K Y I L * vV I A A CHZAMU®*¥ S CH A M * *

19141 TACAACTTATGTTATGACATAGGCAATCCTAAAGGTTTAGCTTGTGTCAAAGATTATGAA 19200
Y N L ¢ Y DI GNUZPIEKG GTILA ATCU VI KDY E
T T Y VvV M T * A I L KV * L VvV 8 K I M N
I 9 LM L * HR QS * RF 8L C Q0 R I =

19201 TTTAAATTITATGATGCTITITCCTGTAGCCAAGTCTGTTARRCAGTTATTITATGTCTAT 19260
F K F ¥ DA F P VA K S V KOQUL F Y V Y
L N FM ML FL * P §L L N S8 Y F M S M
I *x r L * & F 8§ €C B85 ¢V C *» T VI L C L

19261 GATGTGCATARAGATAATTTTAAAGATGGTTIATGTATGTTTTGCAATTCGTARTGTTIGAT 19320
DV HKDUNUPFIXKXKDGELCMPFWNLCNUVD
M ¢ I K I I L KMV YV ¢CPF 6 I VML I
* ¢ A * R * F * R W F MY V L E L * ¢ *

18321 AARATATCCATCTAATTCAATTGTTTGTAGATTTGACACTCGAGTCTTAAATAAATTAAAC 19380
K ¥ P 8§ N 8§ I VvV CRF¥F¥FDPD TRV L N KL ¥
N I H L I Q@ L F VDILTULETC®™* I N * T
* 1 81 * FNCL * I * H S S8 V K ¥ I K

19381 CTTCCTGGATGTAATCCTGCTAGTTTGTATGTTAATAALACATECCATICCATACTAATCCT 19440
L P 6 C N 6 6 § L ¥ VN K HA F H T N P
¥F L D V.M V VYV M LINMHESTIULTIL
P 8 WM * W W » F V C * *» T ¢ I P Y * g
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19441 TTTACTAGAACTGTTTTTGAAAATCTTAAGCCTATGCCTTTTTTCTATTATTCAGATACG 19500
F T R T ¥V F BE N L K P M P F F Y Y 8 H T
L L E L F L K I L L CLF S I X Q I R
F Y * N C F *» X 8 * AR Y A F F L L F R Y

19501 CCTTGTGTGTACGTAGATGGTTTAGAATCTARACAAGTTGATTACGTTCCTTTARGRAGC 19560
P CV Y VDGILE S KQ VDYV P L R 8
L v ¢ T * M V * N L N KL I T F L * E A
A L ¢C VR RWYPFZRTI* TS * L R 8 F K K

19561 CGCCACTIGTATCACACGGTETAATCTAGCTGGAGCTGTTTGTTCAAAGCATGCTGAAGAA 19620
A T C I TR CNILGG AV C 8§ K H A E E
P L VvV 838 H 6 vV I * V E L F vV ¢ § M L K N
R H L Y H TV * R W S$ C L F K aC *+ R

19621 TATTGTAACTACCTTGAGTCTTATAATATAGTTACTACAGCAGGCTTTACTTTTTGGGTIT 196890
Y ¢ N Y L E S Y NI VT TAGFTVF WV
I v T T L 8L I I * L L QQ QA L L F G F
I L. * L p * V L * ¥ 8 Y Y 8 R L Y F L G

19681 TATARGAATTTTGATTTTTATAATTTATGCAACACTTTTACTACGTTACAGAGTTTAGAR 19740
Y KX N F P F ¥ W L WX TUPF T T L @ & L E
{ R I L T F I I ¥ G TIL L L R Y RV * K
L ¥ E F * P L * F M EH PF Y Y V T E P R

19741 AACGTAATATATAACTTGGTTAATGTTGGTCATTATGATGGACCTACAGGTGAATTACCT 19800
¥ vV I ¥ ¥ L v ¥ v 6 H Y D G R T G E L P
T % Y I T W L ML VI MMDVQ VN YL
K R N I * L G * C W S L * W T Y R * I T

15801 TETGCTATTATGAATGACAAAGTTCTTCTTAAGATTAATAATCTAGATACTECTTATTITT 19860
C A I M N D K YV V V K I NNV D T V I F
¥y L L » M T X L L L RL I ™M * I L L F L
L ¢ Y Y B * Qg 8 C C * D * * C R ¥ C Y F

19861 AAAPATAATACATCATTTCCTACTAATATAGCTGTTGAATTGTTTACRARACGTAGTATC 19820
K N N T 8 F P T N I AV E L F T KR § I
K I I ¥ H L L I * L L N C L Q NV V 8
* K * Y I I 8 Y * ¥ § €C * I V Y K T * ¥

19921 CGGCACCACCCTGAACTTAAGATTCTTAGAAATTTGAACATTGATATTTCTTGCARGCAT 19980
R HH P E L K I L RN L N I D I ¢ W K H
6 ¥ T L N L R F L B I *» T L I F V G 8 M
P A P P * T * D § * X F E H *» ¥ L L E A
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19981

20041

20101

20161

20221

20281

20341

20401

20461

GTCCTGTGGGATTATGTTAAAGATAGTTTGTTTTGTAGTTCCACTTATGGTGTTTGTAAR
¥ L W D Y V KD S L FCS$ S T VY G V C K

§ ¢ 6 I ML XK I V CPFV V P L MV F V N
c PV G L ¢ * R * F VL * F H L WC L *

TACACAGATTTGAAGTTCATCGAAAATTTGARTATACTTTTTGATGETCGTGACACTGGE
Yy T b » K ¥ I EN L NI L F D GRUDTG

T QI * s 8§ § K I * I Y F L M V V¥V T L A
I1 HR P E V HR KUV F EY T F * W 8 * H W

GCTTTAGAAGCTTTTAGAAAAGCARGAAATGCTGTTTTTATTAGTACTGRARAATTAAGT
A L BE A F RKARWNKNGV P I & TEZ KL S

L * XK L L E K Q 8 M VvV F L L VvV L X N *» V
R F R 8§ F * K § K K W C F Y * Y *» K I K

AGGTTATCAATGATTAAAGGTCCECAACGAGCTGATTTARATCGTGTGATTCTCGGATARA
R L 8 M I K G P Q R AD L NG V I V D K

G Y Qg * L K VR NEULTI * MV *» L W I K
* vV I N D # R 8 A T § * F X W & D C G *

GTTGEAGAACTCAARGTIGAGTTTTGGTTCGCTATCGAGARAAGRTGGTGACGATETIATC
v 6 EL KV E F W F AMUZBRIKDUGDDUV I

L E N 8 K L 8 F GG &L » BE KM VT MIUL §
S W R T Q S * V L VR Y E KR W * R C Y

TTCAGCCCAACAGACAGCCTATGCTCAAGCCATTACTGEAGCCCACARGETAATCTAGET
F §$ R T D 8§ L 0 8 8 HY W S P Q G N L G
8 A E Q T A Y A Q@ A I T G A H K V I * V
L ¢ P N R QP ML K P L L E P TR ¥ § R

GGTAATTGCGCGGGTAATGTCATTGGTAATGATGCTCTAACACGTTTTACTATCTTTACT

G ¥ C A G NV I ¢NDALTRFTTIUFT
v I ARV M §L VM ML * HV L L 8§ L L

W * L R G * C HW * *» C § N T F Y Y L Y

CAGAGTCETGTATTGTCAAGTTTTGAACCTCGCTCAGATTTAGRACGGGAT TTTATTGAT
2 $ R VL 8 8§ F E PR S D L ERDF I D

R Vv Y ¢ Q vV L N L A QI * NG I L L I
8 B 8 C I VXK F * T 55 L R F R T G F ¥ =*

ATGGATGATAATCTGTTTATTGCTARATATGGTTTAGAAGACTATGCATTIGATCATATA
M D P N L F I A XK Y GL E DY A F DH I

# M I 1 ¢ L L LNMV * K TMHTUL I [ *
Y 6 * * § VY C * I W FRIRULC I * 8§ Y
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20521

20581

20641

20701

20761

20821

20881

20941

21001

GTITATGGTAGTTTTAACCATARAGT TATAGGAGGT TTGCATTTGCTTATAGGCTTATTT
vV Y 68 FNHIKWVIGGILHULILTIGTUL F

FMVV LT IXKUL®*EVCTIUCUCL * A Y F
$ L w * F » p * 5§ Y RR F A F A Y R L I

CGTAGGAAAAARARATCTAATTTGTITAATTCAACGAGTTPTTACAGTATCATTCTAGTATT
R R K K K & N L L I QE F L @ Y D S 85 1

vV ¢ X K N L I ¢ * F K S8 P Y S M I L V F
§ * E K K I » F V N §8 R V F T V % F * Y

CATTCATATTTTATTACTGATCAGGAGTGTGGTAGTAGTAAGAGTGTTTGTACAGTTATT
H 8 Y F I T D Q EC G S8 8 K S VCTV I

I ¥ 1 L L L I R 8 V VvV V V R V F V @ L L
§ F I F Y Y * 8§ G V W *x » = B C L Y 8 Y

CATTIATTATTAGATGATTT TGTTTCTATTGTTAAGTCATTAAAT T TGAGTTGTGTTAGT
D L L L DD F V S I VK STILDNILSGSTUG CV S
I Y ¥ * M I L F L L L § H * I * VvV VvV L V
* F I I R * F C P Y C * Vv I K F E L ¢ =*

AAAGTTGTTAATATTAATGTTIGATTTTAAGGATTITCAATTTATGTTGTGG TG TAATGAT
XK vV vV ¥ I N V D F KD ¥ @ F M L W ¢ N D
¥ L LI LMULIULRTIPFUNILOILCGTIUCG GV VMI
* 8 C *» Y *» ¢ * F *x G F § I Y V V V * «

AATARAATTATGACTTTTTATCCTARAATGCAAGCCACTAATGATTGGAAACCTGGCTAT
N K I M T F Y P KM QAT NUDUW K P G Y

I X L *» L F I L K C K P L M I GG N L A I
* * N Y D F L S * N A S H * * L, ET W L

TCTATGCCTGTTTTGTATAAGTATTTCAATGTTCCATTAGAGAGAGTCTCTTTATGGAAT
§s M P V L ¥ K Y L N VP L E RV 8§ L W N

L C L F C ¥ 8 I M FH * R E S8 L ¥ 6 I
F Y A C F V * Vv ¥ BE € § I RE & L F M B

TATGGTARACCTATTAATTTGCCTACAGGCTGTATGATGAATGTTGCTARGTACACTCAA
Y 6 K P I NL P T G C M MNUV A K Y T Q

M v N L L I ¢ L @ AV * * M L L S T L N
L w * T Y * F A Y R L Y D E C C *~ V H B

TTATGTCAGTATTTGAATACTACAACATTAGCTGTTCCTGTTAATATGCG TG TTTTACAT
L ¢ Q ¥ L N T T T L AV P ¥V N M R V L H

Yy v 8§ 1 * I L Q H * L F L L I € Vv F ¥ I
I Mm 8§ VvV F E Y ¥ NI 8 C 8 C* Y ACTF FT

FIG. 2 CONT.

20580

20640

20700

20760

20820

20880

20940

21000

21060



U.S. Patent Jan. 10,2012 Sheet 41 of 119 US 8,092,994 B2

21061

21121

21181

21241

21301

21361

21421

21481

21541

TTAGGTGCAGGGTCTGATAAAGAAGTAGCTCCAGETTCTGCTGTTY TAAGACAGTGGTTA
L 6 A G S5 D KE V AP G S AV LL R Q W L
* vV 6 L I K K * L Q Vv L L F * D S G Y
F R C RV * * R § 8 § R F CCPF X T VWV VY

CCATCTGGTAGTATTCTTGTAGATAATGAT T TAAACCCATTTGTTAGCCATAGTTTAGTT
P $§ ¢ § £ L ¥V p N D LNUPVF V S D S L V
H L vV VvV F L *»* I M I *»* THDL L A I V *» L
T I W *¥ ¥ 8 C R * * F K P I ¢ * R * P 8

ACTTATTITGGAGATTGTATGACTTTACCATTIGATTGTCATTGGGATTTGATARTATCT
T ¥ F ¢ D C M T L P FD CHWDIL ¥ I 8
L I L E I V * L ¥ B L I V I G I * *~ ¥y Y
Yy L FWRILY D PFTI ¥ L § L G F DN I

GATATGTATGATCCTCTTACTRAAARATATTGGTGATTATAATGTGAGTAAGGATGGGTTT
D M ¥ D P L T KNI CGD Y NV 8 KD G F

I ¢ M I L L L X I L V I I M * ¥ R MG F
* Y VvV * § § Y *x K Y W * L * C E * G W V

TTTACTTACATTTGTCATTTAATTCEGTGATAARATTATCTTTGGETGGTAGTGTAGCTATA
F T Y I ¢ H L T R P KL 8§ L 6 6 8 Vv a1
L L T*TFViI®* FVINY LWV VYV * L *
F Y L H L 8 F N B8 * * I I F G W * C 5 Y

AARATTACAGAGTTTTCTTGGAATGCTGATTTATATAARATTAATGAGTTGTTTTGCATTT
K I * E P § W NADUL Y KL M 8 CF B F
¥ LhQ &8 F L GM L I Y I N * * VvV VvV L HF
K N Y RV FL EC=* F I *» I NEULTF C I

TCEACAGITTTTIGTACTAATGTARATGCTTCTTCTAGTGAAGGGTTTTTARTAGGTATA
W TV F CTNVNAS S S EG@GPFL I G I

G @ F F vV L M * M L L L VvV K G F *» *» Vv =*
L DS ¥F L Y * € K CFPF * » RV F NR Y

AATTACCTGGGTARATCTTICTTTTGARATAGATGGCARTGTTATGCATGCTAACTATTTG
N Y L 6 K 8 8 F E I b ¢ NV M HAN Y L

I Tw VvV N L L L K *M AMIL CM LTI C
K L PG *» I F F * NRWOQCY A C* L F

TTTTGGAGAAATAGTACAACATGGAATGGCGGTGCTTATAGTTTATTTGATATGACTAAN
F W RN 8 T T WWNG A Y 8 L F DM TK
F 6 E I V ¢ HG¢ MAUV L IV Y L I * L N
vV L B K * Y N M B W R CUL *» P I *» ¥ D *
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21601 TTTTCTTTGAAATTGGCTGGCACTGCTGTTGTTARTTTAAGACCAGATCALTTAAATGAT 21660
F 8 L K L A G T A V VN L RPDOGgULND
F L * N W L A L L L L I * D Qg I N * M I
I F F E I 6 W HCCOC®* F KTR 8§ I K *

21661 TTAGTTTATTCTCTTATTGAAAGAGGTARATTATTAGTTCGCGATACGCOTARAGAGATT 21720
L vV ¥ s L I E R G KL L VRDTRZEKE I
* P I L L L K E V N Y * F A I R VYV KR F
F 8 L P § ¥ * K R * I I 8 8 R Y A * R D

21721 TTTGTIGGTGATAGTOTTGTAAATACTTETTAGATCTCATTAARTCTAAACTATGTIAAT 21780
F VvV G D 8 ) L Vv N T C * I 8 L N L N Y V N
L L v I vV L * I L ¥ R 8§ H * I * 7™ M L I
F C W +* * 5 ¢ X ¥ L L B L I R 8 K L ¢ =*

21781 TATTTITTITATTTTITTATTTCTGTTATGGTTTTAATGAACCTCTTAATATIGTGTCICA 21840
Y F F I ¥ L F L L W F * * T g * C C V 8
I F L F ¥F Y F C Y G F N E P L N V V 5 H
L F P Y F F I 8§ VM VL M©NILLILMIULCL

21841 TTTARACCATGACTGGTTTTITATTTGGTGATAGTCGTTCTGATIGTAACCATATTARTAA 21900
F K ? * L VvV P I W *» * g F * L, * p Y *x =
L N H D W F L F G D S8R S D CNUHTIINN
I+ T M T GG F Y L V I VV L I VT I L I

21501 TTTARAAATTARARATTTTGATTATTTGGATATTCACCCTAGTTITGTGCAACAATGETAA 21960
F K N * K F * L F Y 8 P * F V Q Q W *
L K I K ¥ F D Y L DIHUP S L ¢ NN G K
I * XK L K I L I I wW I F T L V C A T MUV

21961 GATTTCATCTAGTIGCCGGTGATTCTATTTTTAAGAGTTTTCATTTCACTCCGATTTTATAA 22020
D ¥ I * C R * F Y F *# E F 8 F H § I L =
I 8 8 8§ A G D 8 ¥ P K & F HF TR P Y N
R F H L v P VI L ¥ L R V P I 8 L D PF I

22021 TIACACTCGCGRAGGTGATCAAATTATTTTTTATCAGGGTGTTAATTTTAATCCTTATCA 22080
L H WRZR™* § N Y F L * G C * F * 8 L 8
Yy T 6B 6D ¢Q I I FYEBEGVNUPFPNUZP Y H
I T L A KV I X L P F MRV L I L I L I

22081 TAGATTTAAGTGTITTCCTAATGGTAGTAATGATCTATGGCTTCTTAACAAGGTAAGATT 22140
* I ¥ VvV FP § * W * * ¥ ¢ M A 8§ * Q G K I
R P K C F P N G 8 NDV W L L N KV R F
I DL 8§V F L MV VYV MMY G PF L TR * D
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22141 TTATCCTGCCTTATATTCTAATATGCCCTTTTITTCGTTATCTTACTTTIGTIGATATICC 22200
L 8§ ¢ L I F *» ¥ G L F 8§ L 8 ¥ F C * Y 8
Y R AL ¥ 8§ NM AVFVPF RY L T F VD I P
F I vV P Y I L I WP F F VI L L L L I F

22201 TTATAATGTITCTCTTTCTAAGTTTAATTCTTGTAAAAGTGATATTTTATCACTTARCAR 22260
L » ¢C F §8 F *» VvV * F L * K * ¥ F I T * Q
Yy NV 8 L & K F N &8 CX S5 D I L 8L NN
L I M F L F L 8 L I LV KY I F Y HL T

22261 TCCTATTTTTATTAATTATTCTAAGGAAGTTTATTTTACTITATTAGCTTGTTCTCTTIA 22320
§ YF Y * L F * G SDLF Y F I RLTF S L
P I F INVY S KEVYTFTTILTLGT CS ETL Y
t L F L LI *LRIXKZ EFTILLELTY*V V L F

22321 TTTAGTACCGCTITTGCCTTTTTAARATCTAACTTTAGTCAGTACTATTATAACATAGATAC 22380
F 8 T A L P F + I * L * § VYV L L * H R Y
LV PLCLPF X SNVF S QUVY Y Y NTI DT
I *¥Y R FAF LNIL T L VS TTI I T *TI

22381 TEGCTCTGTTTATGGTTTTTCTAATCTIGTITATCCTGATTTAGACTGTATTTATATTTC 22440
W L C L w F F *~C CL S * F R L Y L Y F
6 8 vV Y ¢ F 8§ N V VY P DL D C I ¥ I 8
L AL FMVFLMILFF I L I * TV F 1 P

22441 TCTTAARCCAGGTTCTTATARACTTTCCACCACTGCACCTTTTTTATCCTTACCTIACTAR 22500
s * T R F L * 8 F H HEC T F F I L T Y *
L K P G 8 Y KV §$§TTA ARDPUPF L 8 L P T K
L L N Q VvV L I K F P P L HL FP Y P Y L L

22501 AGCTCTCTGTTTTGATARATCTAAACAATTTGTACCTGTACAGGTIGTTGATTCTAGATEG 22860
§ 8 L F » *» 1T *» T I C T CC T GG C * F * M
A L € F D K § K @ F VP V Q V V D S R W
K L 8§ v L I N L ¥NNILJYL Y RUL L I L D

22561 GAACAACGAGCOTECCTCAGATATTTCTTTATCTIGTTGCATCTCAATTCCCATATIGTTA 22620
E Q RACLRYF F I CCMSIATIILL
N N ERAS DI SL 8§V ACOQUL P Y ¢ Y
¢ T T S8V P QI F L ¥ L L HVYV N CH I V

22621 TTTTCGCAATTCTTCTGCTAATTATGTTGGCAAGTATGATATTAACCACGGTGATAGTGE 22680
F 8§ Q F F € * L C W Q V * Y * p R % * ¥
F RN 8 8 AN Y V G KY D I ¥ HG D 8 ¢
I F A I LL L I ™ML ASMIILTITTITUVIV
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22681

22741

22801

22861

22821

22981

23041

23101

23161

TTTTATTICTAT T T TATCTGETCITT TATATAATGTTTCTTIGTATTTCATATTATGGTGT
F Y F Y F I W 8 F I * ¢ F L ¥ F I L W (C
F I 8 1 L 8 6 L L ¥ NV 8 C I 8 Y Y 6V

vV L F L F Y L V F Y I M F L V F H I MYV

ATTTTTATATGATAATTTTACATCCATTTGCCCCTATTATTCTTTTGGTAGETGTCCTAC
I P I * * ¥ Y I H L A L L F F ® *» VvV 5§ Y
F L Y D N F T 8§ I WPY Y §F G RC P T
¥ P Y M I ¥ L ¥ P F G P I I L L V & V L

ATCTTCTATTATTARACATCCAATTTGTGTTTATGATTTTTTGCCTATTATTTTACARGG
T P Y Y * * 8 NL CL * F F AY Y F TR
$ 8 1 I K H P I € VYD FL P I I L QG

¥ L L L L NI Q F V F M I F CLUL F Y K

TATTTTATTATGTTTAGCTTTACTTTTTGTTGTTITTCTATTATITTTGTTATATAACGA

Y F I M F & F T F £ ¢ F 8 I ¥ F V I * R
I L L ¢ L A L L F VYV PF L L P L L Y N D

v F Yy Yy v ~ L ¥ F L L F F ¥ Y F C Y I T

TAAATCTCATTAAATCTAAACATGTTATTAATTATTITTATTTTGCCTACAACATTAGCT
* I 8 L N L N ML L I I F I L P T TULA
XK 8 H * 1 * T C Y *» L F L FF C L Q H * L
I N L I X 8 K H V I NY F Y F A Y N I S

GTTATAGCTGATTTTAATTGTACTAATTTTGCTATTAATGATTTAAACACCACAGTTCCT
v I ¢ b F N CTNPF AI NDLNT T V P

L * v I o I VL I L L L MTI * TP Q F L
cC Y R * F » L Y * F C Y *» +* F K H H 8 §

CGCATAAGTGAGTATGTTGTGGATGTTTCTTATGGTT TGCGTACATATTATATACTTGAT
R I 5 E ¥ vV vV p VvV 8 ¥ 6 L 66T Y Y I L D

A * v § M L. WM P L MV WV HTIIVYL I
s H K » v ¢ ¢ 6 ¢C F L W F ¢ Y I L Y T *

CETETTTATTTARBATACTACTATATTATTTACTGETTATTTCCCTAAATCTGETGCCAAT
R VvV ¥ L NN T T I LVF TG Y F P K S G A N

v F I * I L L Y ¥ L L V I 8§ L N L V P I
g ¢ L F K Y Y ¥ I I Y W L F P « I W C Q

TTTAGGGATCTATCTTTARAAGGTACTACATATTTGAGTACTCTTTGGTATCAGAAACCC
F R DL 8§ L K 66 T T Y L 8 T L WY Q K P
L ¢ I Y L * KV L H I * VvV L F 6 I R N P
F * G §$ I F KR Y Y I F EY 8 L V § E T
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23221 TTTTTATCTGATTTTAATAATGCTATTTTTICTACAGTTAAGAATACTAAGTTIGTATGTT 23280
F L § D F N NG I F 8 R V XN T KUL Y V
F Y L I L I MV F ¥ L E L R I L 8 C ML
L F I * F % * W Y F F x § *« E Y * V v ¢

23281 AATAARACTTTGTIATAGTGAGTTTAGTACTATAGTTATAGGTAGTGTTITTATTAACAAC 23340
¥ K T L Y S B F S T ¥ V I ¢ 8 V F I N N
I X . ¢ I VvV 8§ L VL ¥ L * V¥V ¥V P L L T T
* * N F ¥V * ¥ VYV ¥ Y Y § ¥ R * C F Y * O

23341 TCTTATACTATTGITGTTCAACCTCATAATGGTGTTTTGGAGATTACAGCTTGTCAATAC 23400
§ Y T I V V QP HN GV L E I TAZCUCOQY
L I L L L F N LI MV F WRIL QL V N T
L LYY CC¢CS& TS *¥ W CF G DY &8 L 8 I

23401 ACTATGTGTGAGTATCCTCATACTATTTGTAAATCTAAAGCTAGTTCTCOTAATGAATCT 23460
T M C E Y P H T I €C K S XK G S8 8 R NE §
L ¢CVv 8§ I L I L F V ¥ L KV V L ¥ M N L
H Y VvV * V 8§ &§ ¥ Y L *» I * R * F § * x I

23461 TGGCATTTTCATAAATCTGAACCTTTGTGTCTGTTCAAGARMARATTITACTTATARTGTT 23620
W HF DK S EBEPILCULPF K KNF T Y NV
¢ I L I N L ¥ L CV C S R K I L L I M F
L A F *» * I ¥ T P V 8§ V @ E K F ¥ L * (¢

23521 TCTACAGATIGGTIGTATTTTCATTTTTATCAAGAACGTGECACTTTTTATGCTTATTAT 23580
§ T D W L Y F HF Y QEBER GT F Y A Y Y
L@ 1 ¢ C 1 F I F I KNV AL F ML IHN
F Y RL VV F S PF L 8 R TWHPFF L ¢ L L

23581 GCTGATTCTGGCATGCCTACTACTTTTTTATTTAGTTTCTATCTTCGTACTCITITATCT 23640
A DS ¢ MPTTFLF S L Y L G T L L 8§
L I LACILULILZPF Y L VCECIULVTELTFPFYL
C * FWHATY Y FF I * F VSWYSF I

23641 CATTATTATGTTTTGCCTTTGACTTGTAATGCTATATCTTCTAATACTGATAATGAGACT 23700
H Y YV LPLTCNA ATISS SNTTDUNE?T
1 1M FCECL* LV MDLYULLTITLTIMETL
§ L L CFAFDTIEL®* CYIF * Y * « * D

23701 TTACAATATTGGGTCACACCTTTGTCTAAACGCCARTATCTTCTTAAATTTGACAACCET 23760
L Q Yy wv TUPUL S KPRQ Y L L K F D N R
Y NI ¢ 8 HL CL N ANTIUVFILWNILTTUV
F T I » ¢ H T F V * T P I § 8 * ¥ * Qg P
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23761 GGTGTTATTACTAATGCTGTTGATTGTTCTAGTAGTTTCTTTAGCGAGATTCAATGTARA 23820
¢ VvV I T N A V D C S 8§ 8 F F § E I Qg C K
vV L L L M L L I Vv L VvV S L A RPNV K
w ¢CY Yy * ¢ C * L, F » * P L * R D 8 M *

23821 ACTAAATCTTTATTACCTAATACTGETGTTTATCACTTATCTGEGTTITACTCTTAAGCCT 23880
T K $§ L L. P N T G V Y D L 8§ G F T V K P
L N L ¥ YL I L VF M T YLV L L L § L
N * I ¢ I T * ¥ W C L * L I W F Y C * n

23881 GTTGCAACTGTACATCGTCGTATTCCTGATTTACCTGATTGTCACATTIGATAAATGGCTT 23940
v ATV HR R I P DL P D C D T D KW L
L ¢ LY I VvV F L I YL I VT UL IHNUGL
¢c ¢ N C T S 8§ ¥ 8§ * F T * L ¥ H * x M A

23941 AACAATTTTAATGTACCCTCACCTICTTAATTGGGAACGTAARATTTTITTICTAATTGCAAC 24000
N N F N VP S§ PL NWERIKTIVFSNICN
T I L. M ¥ P H L L I 6 N V X P FL I A T
* ¢ F * C T L T S * L, GT *N F F * L @

24001 TTTAATTTGAGTACTTITGCTTCGTTTAGTTCATACTCGATTOTTTTTCTTGTAATAATTTT 24060
F ¥ L § T L L R L V H T D § F § ¢C N N F
L I * V L ¢ F V * F I L I L F L V I I L
L * F E Y F A § F 8 § Y * F F F L * * F

24061 GATGAATCTAAGATATATGGTAGTTIGTTTTAAGAGTATTGTTTTAGATAAATTIGCCATA 24120
b E 8§ K I Y &¢& § C F K S I V L DX F a1
M N L R Y M V VV L R V L ¢ * I N L P Y
* * ¥ * D I W * L F * B Y C F R * I ¢ H

24121 CCCAACTCCAGACGATCTGATTTCCAGTTGGGCAGTTCTCGTTTTCTGCAATCTTCTAAT 24180
P N 8 R R S&SD L Q L G & 8 G F L Q 8 8 N
P T P DD L I C S8 W AV L V F CN L L I
T QL QT I * F AV G Qg F WF S A I F «

24181 TATARRATTGACACTACTTCTAGTTCTTGTCAATTGTATTATAGTTTGCCTGCAATTAAT 24240
¥y X I pTTSsS & 8 C QL Y Y 5 L P A IXTN
I X L. 7T L L L VL VvV N C I I V C L Q L M
L *» N * H Y F *» F L 8 I VL * F A C N *

24241 GITACTATTAATAATTATAATCCTTCTTCTTCCAATAGAARGCTATGGTTTTAATAATTTT 24300
vV T I N N Y N P &8 8 WHNRUPRUY G F NN F
L L » ¥ I I I L L L ¢ I BE G M VL I I L
C y Yy = *x [, *# § F F L E * K V W F *» « F

FIG. 2 CONT.



U.S. Patent Jan. 10,2012 Sheet47 of 119 US 8,092,994 B2

24301

24361

24421

24481

24541

24601

24661

24721

24781

AATTTGAGCTCTCATAGTGTTGTTTACTCACGTTAT TG I T T TTCTGTTARTAATACTTTT
N L 8§ 3 H 8 V VY S8 R Y CF 8 V NN TTTF
I A L I VL FTUHUV IV ¥ L L I I L F

* F EL 8 * ¢ C L L T L L F F C * * Y F

TGTCCTTGTGCTARACCTTCTTTITGCTTCARGTTGCAAGAGTCATARACCACCTTCTGET
¢ P C A K P S F A 8 8 C XK 8 H K P P 8 &
vV L VvV L N L L L L ¢ VY A R V I N H L L L

L § L &« T F F CF XK L QB S *T T F C

TCCTGTCCTATTGGTACTAATTATCCTTCTTGTCAGAGTACTACTGTACTCGACCACALT
s ¢ P I GTN YR S CE 8T TV L D HT
P VL LV LI I VL VERVY L L Y S TTL
F L 8 YW Y * L § F L * E Y Y C T R P H

GACTGGETGTAGCTGTTCTTGTITACCTGATCCTATAACTGCTTATGACCCTAGGTCTTGT
D w ¢CRC S8 CL P D P I TAZYDUPUR RS C
T 6V 6V L VYL I L * L L MTULOGCIL V

* LV * V F L F T * § Y N C L * P * V L

TCTCARAAMAAGTCTCTGETTGGTCTTGCTGAACATTGTGCAGGGTTCGRTCTTCATGAA
8§ Q K K 8§ L VGV G EHCSAGT F G VD E
L K X 8 L ¥ L V L ¥ N I V Q ¢ 8§ V L M K
F 8 K KV 8 G W CW * T L CR YV R C * =

GABAAGTETGETCTATTGCATGEATCATATAATGT T I C T TEGTCTITATAGTACTGATGECC
E XK C ¢V L P G S Y NV § CL C S TDA
K 8 vV Y¥YWMDUHIMTPFDL VF V V L M P

R K VW £ I ¢ W I I * C F L 8 L * Y * (

TTTCTAGETTGGTCTTATGACACTIGCGTCAGTARCAACCGTTGTAATATTITTTCTAAT
F L G W 8 ¥ DT CV 8 NNRUCNTIVF 8N
FP * v 6 L M T LA S VT TV VI F F L I
L 8 R L VvV L * H L R Q * @ P L * Y F F ~

TTTATTTTAAATGGTATCAATAGTGGTACCACTTGTTCTAATGATTTATTGCAGCCTAAT
F I L ¥N G I NS GGTTCS NDULIULGQUPN
L F * M V § I VV P LV L M I Y C S L I
F Y F X W Y O * WY H L ¥ * « F I A A =

ACTGAAGTTTTTACTGATCT TTG IO T GAT TACGACCTTTATSGTATTACAGGACAAGET
T BV F T DV C VDY DL Y G I TG Q G
L K F L L M F VL I TT ¥ F MV L QDK V
Y * § F Y *» C L C * L R P L W Y Y R T R

FIG. 2 CONT.

24360

24420

24480

24540

24600

24660

24720

24780

24840



U.S. Patent Jan. 10,2012 Sheet 48 of 119 US 8,092,994 B2

24841 ATTTTTAAAGRAGTTTCTGCTGTTTATTATAATAGTTGGCAARATCTTTTGTATGATTCT 24500
I F KBV S AV Y YN S W QQNILILY DS
F L K XK F L L, F I ¥ I VvV 6 K I F ¢ M I L
¥ F * R §F CCL L * * L AK §F V * F

24901 AATGGCAACATTATTGGTTTTAAAGATTTTGTTACTAATAMAACATATAATATITTCCCT 24960
N G N I I GF KDF VTNIKTYWUNIVF P
M A T L L V L XK I L L L I KH I I F 8 L
* W Q H Y W ¥ * R F C ¥ » *« N I *« Y F p

24961 TGITATGCAGGAAGAGTTTCTGCTGCTTTTCATCAAAATGCITCCTCTTTGECTTTACTT 25020
¢ Y A GR VY 8§ A A F HQNAS S L AL L
vV M QEEPFLLLV F I KMULUPIULWILYF
L L C R K &8 F C CF 8 8 KL PF L P G F T

25021 TATCGTAATTTAAAATGTAGCTATGTTTTGAATAATATTTCTTTAACTACTCAGCCATAT 25080
¥ R N L K ¢ 8§ ¥ V L NN I 8 L T T ¢ ¢ Y
I v i »>*» NV AMTF* I I F L * L L 8 H I
L 8§ * F KM *L CPFPE * Y F F NVY § a1

25081 TTTGATAGTTATCITGCTTGUCTTITTAATGCTCATAATTTAACTGATTATTCIGTTTCT 25140
F D & YL G CV FNAPDNILTDY S V 8
L I v ILVYAFLMIULII* L I I L F L
F * * L 8 W L R F *» C * * F N * L P C F

25141 TCTTGTGCTCTTCGCATGEGTAGTGETTTTTGTGTTGATTATAACTCACCTTICTITCTTCC 25200
8 ¢ AL RM G S G F CV D Y N S8 P 8§ 8 8
LV L F AW VYV VYV F VL I I THULUL L P
F L ¢ 8§ 8 H 66 *» W/F L C * L * L T F F F

25201 TCTTCGCGTCGTARACGTAGAAGTATTTCTGCTTCTTATCGTTTTGTTACTTTTIGAACCC 25260
38 8 R R KRR S I 8 A 8 Y RF VT F E P
L R vV v ¥V EV F L L L I VL LWL L N P
L F A B8 T * K Y F ¢CF L 8 F C Y F * T

25261 TTTAATCTCAGTTITGTTAATGACAGTATTGAGTCICTGGETGETCTTTATGAGATCAAR 25320
F NV § F V ND S I E SV 6 G L Y E I K
L M § vL L. M TV L S8 L W VYV F MR § K
L * ¢ Q F ¢ *» *» g Y *» ¥V ¢ G W 8 L * D Q

25321 ATTCCCACTAACTTTACTATAGTTGGTCAAGAGGAATTTATTCARACTAATTCTCCTAAA 25380
I P TN F T I V 6 Q EEVF I QTR S§ P K
¥ P L T L L * L V K RN L F K L I L L X
N 8 H * L ¥ ¥ § W S8 R G I ¥ 8 N * F § *
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25381 GTTACTATTGATTGTTCITTATTTGTCTGTTCTAAT TATGCAGCTTGCCATGACTTATTG 25440
v T I®D C S L F V C 8N Y AAZCHUDULL
L L L I VLY L S8V L I MQL AMTUYC
s Y Y * L, F F I CL F * L C § L P * IL I

25441 TCAGAGTATGGCACTTTTTGTGATAATATTAATAGTATITTAGATGAAGTTAATGGTTTA 25500
5 EY 6 TP F CDUNINIGSIILDETU VYVDNUEGTL
Q S M 2L F VI I LIV P F * M X TLMUV Y
V R V W HF L * * Y * ¥ Y P R * § * W P

25501 CTTGATACTACTCAATIGCATGTAGCTGATACTCTTATGCAAGGTGTCACACTTAGCTCC 25560
L DT TOQQUILHYV ADTULMOQG VT IL § 8
L I L L NCM * L I L L ¢ KV &8 H L A P
T * ¥ Y § I A C S8 * Y 8§ ¥ A RCE T *» L

25561 AATCTTAATACTAATTTGCATTTTGATGTTGATAATATTAATTTTAAATCCCTAGTIGEA 25620
N L NT N LHPF D VDUNINTFI KSTILUVSG
I L I LI ¢CI LMOULIIULIL NUP* L D
Q 8 * Y * F A F x C % ¥ Y % F % I P § W

25621 TGTTTAGGTCCACACTGCGGITCTTCTTCTCGTTCTTTTTTTGAAGATTTATIGTTIGAC 25680
¢ L G P HCG S 8 SR S F F EDILILPF D
v * VHETAV L L L VL PFILEKTIVYCCTILT™®T
M P R 8 T L RVF F F 8§ F F F * R F I VvV *

25681 AARAGTTAAACTTTCAGATGTTIGGTTTIGTTGAAGCTTATAACAATTGTACTGETGCTACT 25740
K vV KL 8 bV 6 F VEAUVYUNDNTCGCTG G S
K L N P Q M L VL L KL I TTI VLY VYV
Q s * T F RCWVF C* 8 L * Q L. Y W W *

25741 CGRAATTAGAGATCTTCTTIGTGTACAATCCTTTAATGGTATTARAGTTTTGCCTCCTATT 25800
E I RDL L CV ¢ 8 F N G I K V L P P I
K L E I FFVYDNUPILMUVELI KU®P®CCLL F
* N * R § § L € T I L * W Y * S8 F A 8 ¥

25801 TTETCTGAATCTCARATTTCTGGTTACACCACAGCCGCTACTGTTIGCTGCTATGTITCCA 25860
L 8 E § QI 866G YTTAR ATV AAMTF P
¢ L N L K F L VT P Q P L L L L L ¢ FP H
F VvV * I &8 N F WL HHSRYCCOCUY V S

25861 CCATGGTCAGCAGCAGCTGGCATACCATTTTCTCITAATGTACAATATAGAATTAATGST 25920
P W S A A A G I P F S LNV QYR IUNSG
H G Q ¢ Q ¥ A YH F L L M ¥YNTITETLMUV
T M V 5 §$ §S WH T I F 8§ * ¢ T I *» N * W
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25921 TTGGGTGTTACTATGGATGTICTTAATAAARATCAAARAGTIGATAGCTACTGCTTITAAT 25980
L 6 VT M D VL N KNIOQIEKULIA AT ATFN
W VvV L L WM P L I XK I XK 8§ * * L L L L I
F G CY Y G C & +* * K8 KV D S8 Y C F =*

25881 AATGCTCTTCTTICTATTCAGAATGGT TTTAGTGCTACCAACTCTGCACTTIGCTARAATA 26040
N A L L 8 I Q NG F 8 A T N S A L A K I
M L F F L F R M V L V L P T L H L L K Y
* ¢ 8 8 F Y 8§ E W F * ¢ Y Q L C T ¢ * N

26041 CAMAGTGTTGTTAATTCTAATGCTCAAGCACTTAATAGTTTGTTACAGCAATTATITAAT 26100
Q 8 VV NS NAGQATLUNSTLTILOQG QTELTFN
K vV L L I L ML KHDL IV CY S$NZYIL I
T K C C * F * C § S8 T * ¥ F V T A I I *

26101 ARATTTGGTGCAATTAGTTCTTCTTTACAAGAAATTTTATCTCGTCTCGATCCTTTAGAG 26160
K F G A I 88 8 L QQEBEI L S R L P A L E
N L vV ¢ L V L L ¥ K XK F ¥ L V § M L * R
* I W CN* F F FTRWNF I 8 8 R CPF R

26161 GUTCAGGTTCAGATIGATAGGCTTATTARTGGTCETITAACTGCTTTAAATGCTIATGTC 26220
A Q V Q I DR L I ¥ G R L TAULNATY V
L R F R L I 6 L L M V V * L L * M L M 8§
G 8 G 8§ P * * A Y * WS F NCFZXCILC

26221 TCTCAACAGCTTAGTIGATATTTCICTTGTARAATTTCCTGCTGCTTTAGCTATGGAGARG 26280
S @ @ L 8 b I 8§ L vV K F G A AL A M E K
L NS L VI PFPFILL * N L V L L * L W R R
L 8 T a * *» Y P g C KI WCCF & Y G E

26281 GTTAATGAGTGTGTTAAAAGTCAATCTCCTCOTATTAATTTTIGTGGTARTGETARTCAT 26340
vV N E C V K &8 ¢g 8 P R I N P C G N ¢ N H
L M &8 v L X VN L L V L I F VvV VvV MYV T I
G *» *» Vv C * K 8 I 8 8 Y * F L W ¥ W * §

26341 ATTITGTCATTAGTTCAAAATGCTCCTTATIGGTTTGTICTTTATGCATTITAGTTATRAA 26400
I ».. 8§ L VvV Q NA P Y G L L FMHF § Y K
F CH * F KM L L MV CC L C I L V I H
¥ F v I 8 8 K C 8 L W F V V Y & F * [, =

26401 CCTATTTCTTTTAAAACTGTTTTAGTAAGTCCTGGTTTGTGTATATCAGGTGATGTAGGT 26460
P I 8§ F KTV L V 8 P G L C I 8 G D VG
L F L L K L F *= «» V¥V L V C VvV ¥ ¢ V M * V
T Y P F * N C P 8§ K 8§ W F V ¥ I R * ¢ R
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26461

26521

26581

26641

26701

26761

26821

26881

26941

ATTGCACCTARARCAAGGCTATTTTATTARACATARTGATCATTGGATGTTCACTGGTAGT
I A P K Q Y F I K HNDUHWMFPFTTOG S8
L H L N K G6 I L L NI M I I 6 C S8 L VYV
Yy ¢ T~ T RV F Y * T * * § L DV H W *

TCTTACTATTATCCTCAACCAATTTCAGATAAAAATGTTGTTT TTATGAATACTTCTTCT
$§ ¥ Y ¥ P E P I 8§ D KN V V FMDNTC B8
L T I I L N Q F @ I X M L F L * I L V L
P ILL L § =« T N F R * K C ¢ P ¥ E Y L F

GTTAATTTTACTAAAGCGCCTCTTGTTTATTTGAATCATTCTGTACCAPAATTGTCTGAT
vV N F T K A P L V Y L N H S8 V P K L 8 D

L I L L XRLL F I * I I L Y QNOCUL I
¢ *~ F Y * § A 8§ ¢ L P E &8 F C T K I Vv *

TTTGARTCTGAGTTATCTCATTGGTTTAAARATCAAACATCCATTGCGCCTAATTTGACT
F E § E L 8§ H W F K NOQ T 8 I A P N L T
L N L 8 YL I 6L K I K H P UL RULLTI * L
FP *» I *» ¥ I $§$ L VvV * K 8§ N I H C A * F D

TTAARTCTTCATACTATTARTGCTACTTTTTTAGATTTGTATTATGAGATGRATCTTATT
L N L H T I NATUPF L D L ¥ Y EMUNDL I
*» I F I L L M L L F * I ¢ I MR * I Ik F
F XK 8§ 8 Y Yy ¢ Y F FR F VL *» D E S Y

CAAGAGTCTATTAAGTCTTTGAATAATAGCTTATATCAATCTTAAAGATATAGGTACATAT
Q E 8§ I K 8 L N N S§ Y I N L Kb I G T Y
¥ 8§ L L s L * I 1V I 8 I L K I * V HM
8 R VvV ¥ * VvV F E * * L ¥ Q@ & * R ¥ R ¥ I

GAAATGTATGTARAATGGCCTTSGTATCTTIGCCTACTAATTTCEYTTTTCATTTATARTA
E M ¥ ¥V XK ¥ P W ¥ VvV W L L I 8 ¢ S8 F I I
K ¢ M * NG L GMVF GY *» F L F HL = Y
* N V ¢C K MA L V CL A TNV FVF F I YN

TTCCTIGTATTCCTCTITTTTATATGTTGTTGTACTGGTTGTGGTITCTGCATGTTTTAGT
F L V L L F F I ¢ C C T ¢ C G 8 A C F 8
s L Y ¢ 8 F L YV V VL VV V L H VY L V
I » ¢ I A L F Y ML L Y W L W PF CMVF *

ARATGTCATAATTCTTGTCATGAGTATGCTGGTCATCATGATTTTGCTTATCAAAACATCT
K ¢C H N C CD E Y &6 G H B D F V I KT 8
N VI I vV M SMYV VI MIL LS KHL
* M 8 * L L * * YV W W § 8 * F C Y Q N I
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27001

27061

27121

27181

27241

27301

27361

27421

27481

CATGATGATTAGAATCTCTTGTCAGATCTCATTARATCTARACTTTATTTATGGACGTTT
H D D * N L L §8 DL I K &K UL Y L W 1T F
M M I R I 8 €C @ I 8 L N L N F I Y G R L

§ *» * L E § L VR S H * I *» T L F MDDV

GCAGACCTAGCTACACACATTCTCTTGTTATTAGAGAATTTGGTGTTACAAACCTTGARG

G b L AT H I L L L L EBE N L V L Q@ T L K
B T * L H TP § C VY ¥ R I W C Y K P * R

W R P 8 Y TH S L VI REUPFP GV T DN DL E

ATTTGTGTCTAAAGTATAATTACTGTCAACCTATTGTTCGTTACTGTATTAGTACCTTITAR
I ¢ vV * 8 1 & TV N L L L VT V L Y L *
F V § KV * L L 8 T Y C W L L Y C T ¥ K

D L C L XK ¥ N Y C @ P I VvV G Y ¢ I V P L

ATGTTTGETETCCCAAGTTTCCCAARTTTCCTTCTCACTTTACATTACETAGTCACGATA
M F G VA 8§ L A NLILUL T L HY V V T 1
¢ L vV 8 Q vwWwgQ I ¢CF S8 L Y I T * 8 R Y

N v W C R K F G K F A S HF T L R 8§ H D

TTTCCCATAGTARTAATTTTGCTCTIGTAACTAGTT TTACTACTTATGGTAATACTGTTT
F P I ¥V I I L vV L * L VvV L L L MV I L F

F p * * » F W C CN * F Y Y L W * Y C F
I 8 H 8 NN F GGV V T S8 F T T Y G N TV

CTGAGECTGTETCTAGATTAGTTGRATCAGCTTCTGAATTTAT TG T TTGGCCTGCAGRAGG
L R L ¢ L D * L N Q L L N L L F G V @R

* g C v * 1 § * I § F * I Y C L A C R G
S E AV 8 R L VES A S EVF I V WRAE

CACTTAATAAGTATGGTTCGATTTATTITTTCAATGATACTGCTTGGTACATAGCGACAGRTT
H L I 8§ M VD L F F NDTAWY I G QI
T * * VvV W L I Y F 8 M I L L G T * D R F

A L N K Y G * F I F Q * ¥ C L V H R T B

TTAGTTITAGTITTATTTIGTCTTATITCTTIAATCTTIGTTETTGCTTTTTTAGCARCT

L v L v L FCL I S LI FVV A F L AT
* F Y F Y PV L F L * 8 L L L L F * QL

F 8 F 8 F I L 8 Y F F N L C C C F F S8 N

ATTAAGCTTTGTATGCAACTTTGCTCCTTTTTGTAATTTCTTTATTATTTCACCTTCGGCT
I XK L ¢Mm @ L € G F CNF F I I S P 8 A
L 8 F Vv C N F VvV V F V I 8 L L F HIL R L

¥ * A L ¥ A T L W F L *# F L Y Y F T F @
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27541

27601

27661

27721

27781

27841

27901

273861

28021

TACGTTTATAAAAGAGGTATGCAGTTGTATAAGTCTTATAGTGARCARGTTATACCACCC
Y Vv Y X R 6 M QL Y XK S8 ¥ 8§ E Q V I P P

T F I K E V {C $ C1 8 L I VNIKLYHP
L R L * K R Y A V V *» V I, » « T 8§ Y T T

ACTTCAGATTATTTAATCTAAATCTAAACATTATGAATARATCTTTTCTTCCTCARTTTA
T §$ D Y L ¥ * I * T L * I N L F F L N L
L ¢ I 1 ¥ & K 8 K H Y B * I F 8§ 8 8 I Y
H F R L FNLNULNDNTIMDNIEKSUFULUPOQTF

CTTCTGATCAARGCTGTTACATTCTTARRAGAATGGAATTTCTCTTTGGGTGTARTACTAC
L L I K L L H 8§ *» KN GG I 8 L WV * Y Y
F * § 8 ¢ ¥ 1 L K R M E F L F G CNTT

T 8 p Q AV T PFL X EWDNF S L GV I L

TTTTTATTACTATCATATTGCAGTTCGGTTATACGAGCCETAGTATGTTTGTTTATCTTA
F L L L 8§ ¥ ¢C 8 s VIRAV YV CL FI L
F Y Y Y H I AV RDLYEUP™* Y V CL § X
L F I T I I L ¢ F G Y T S R S M F V Y L

TCARGATGATTATTCTTITGCGCTTATGTGGCCATTGACTATCACCTTGACTATATITAATT
§ R *» L F F GG L CGH* L § P * L Y L I
Q D DY 8 L A Y VAl D VY HLD Y I * L
I KM I I L ¥ L MW P LTI TUL T I F N

GTTTTTATGCTITGEAATAATGCTTTTCTTGCATT T TCTATAGTG T TTACTATTATTTCTA
vV FM L *» I M L F L HEF L * ¢ L L L F L
F L ¢ ¥ E *» ¢ F 8§ C I F Y 8 VY Y Y F Y
¢ F Y A L W N A F L A PF 8§ I V F T I I 8

TTGTTATATGGATTCTTTATTTTGTITAATAGTATTCGGCTTTTTATTAGAACTGGCAGTT
L L Y ¢ F ¥ I L L I V ¥ G F L L E L A V
¢ Y M p 8 L F C * * ¥ S8 A F ¥ * N W Q@ L
I vV I w I L ¥ F V KK S I R L F I R T G 8

GGTGGAGTTTTAATCCAGAGACCAATAATCTTATGTGTATTGATATGAAAGGCAAGATGT

G ¢6 VL I ¢ R P I I L C V L I * K AUZRC
v B P * 8 R D Q * &8 ¥ VvV ¥ + Y E R Q D V

W W §$ FN P ETUHNNILMZ© CTIDMEKGI KM

TTGTTAGECCAGTTATTCGAGGACTATCACACATTALCTGCTACTGTTATTCETCGTCATC
Lt L 6 Q L L R T I TH* L L L L F V V I
¢ * A 8 Y * g L 8§ H I ¥ C ¥ C Y 8 W 8 8
F ¥V R P V I E D Y H T L * A T V I R G H
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28081

28141

28201

28261

28321

28381

28441

28501

28561

TTTATATACAGGGTGTCAAACTTGGCACTGETTATACTCTTTCAGATTTGCCCGTATATG
F I ¥ R V 8 N L AL V I L F QI C P Y M
L v T ¢ C 0 T W HWIL Y 8 P RPFAURTIUC

LY 1 Q 6V K L GTGGY T L § DL P V Y

TTACTGTAGCTAAGETGCAAGTACTTTETACCTATAAACGTGCCTTTTTAGATAAGTTAG
L L * L R ¢C K Y F V P I N V P F * I § *
Yy ¢ 8 * ¢ A ST L ¥ L *«# T C L F R * V R

v 7T VvV A XK ¥V Qg VL CT Y K RAMPFLDI KL

ATGTTAATAGTGGTTTITGCTCTITTTTGTTAAGTCTAARAGTTGETARCTATCGTTTACCGT
M L I vV VL L FL L 8L KL VT I VYR

c * * W FP € C F C * V * § W * 1, 8 F T V
D vV N 8 6 F A V F V K S8 K V GNVYURUL P

CTAGTAAACCTAGTGGTATGGATACTGCCTTCTTAAGAGCTTAAATCTARACTATTAGGA
L V N L ¥V VW I L P C* E L K 8 KL L G

* *+ T +» W ¥ ¢ ¥ C L VvV XK 8 L N L N Y * D
S8 8 K P § 6 M DT A L L R A * I *» T I R

TGTCTTATACTCCCGETCATTATCCTGGAAGTAGAAGCTCCTCTGGARATCGTTCAGGAA
cC L I L P V I ML EV E A P L E I V QE
vV L ¥ § R 8§ L C W K * X Lh L W K 8 F R N
M 8 ¥ T P G H Y A G S R S8 8 8 G N R 8 G

TCCTCAAGAAAACTTCTTGEGCTCACCAATCTGAGCGARATTACCARACCTTTAATAGAG
S 8 R K L L 6L TNUIL S E I T KUP L I E
P Q EN FL 6 * P I * A KL P N L * *# R
I L K K T 8 ¥ A D Q 8§ ERNUY Q@ T F NR

GCAGAAAANCCCAACCTAAATTCACTC TG TCTACT CAACCACARGGAAATACTATCCCAC
A E K P N LN S LC L L NBHZEKETITILSH
Q XK N P T * I HCV Y S$§ T TURIEYXYJYG® BT
G R KT Q P XK F TV S TQQPOQGUNTTIP

ATTATTCCTGGTTCTCCGGGATCACTCAATTTCARAAAGGTAGAGACTTTAAATTTTCAG
I I P G 8 PG 8 L N F XK XKV ET UL N F Q
L F L V L R D H 8 I § K 13* * R L * I F R

HY 8 W F 85 G I T QF Q K GRDF K F 8

ATGETCAAGGAGTTCCCATTGCTTICCGAGTACCCCOTTCTGAAGCARAAGGATATTGGET
M vV K B F P L L &8 E Y P L L K @ K D I @

W 58 R §8 §$ HCFRSTUPF * 8 KRI LV
D & ¢ 6V P I A F G V P F 8 E A K G Y W
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28621 ATAGACACAGCCGECGTTICTTTTABAACAGCTGATGGTCAACARAAGCAGTTGTTACCGA 28680
I DT AG VL L XKOQQULMUVDNIKSSSCTYR
* T Q P A F F * NS * W ST XAV VYV T E
Y R H 8 R R 8§ F K T A D G Q Q K ¢ L L P

28681 GATGGTATTTCTACTATCTCGGTACCGGCCCATATGCCAATGCATCCTATGETGAATCCC 28740
P 6 I 8T I 8V P AHM©PMUBEZPMVUVNP
M VvV FL L SRYZRPTICOQOCTIULW®* I P
R W Y F Y Y L 6T G PY AN ASYOGE S8

28741 TCGAAGGGGTCTTCTGGGTTGCTAATCACCAAGCTIGACACTTCTACTCCCTCCGATGTITT 28800
S K66 8§ 8 6L L I T KULL TU5L L L P P MF
R R G L L G ¢ * 8§ P 8 * HF Y 8§ L R CF
L B G VvV P WV AN HQADTT S T P 8 DV

28801 COTCAAGGGATCCTACTACTCAAGAAGCTATCCCTACTAGETTTCCGCCTGETACGATTT 28860
R 0 6 I & L L KX L 8L L G F R L V RF
V K G 8 Y Y S R S Y P Y * V § AW YD F
$ § R D P T T QEBE A I P TRVPF P PG T I

28861 TGCCTCAAGGCTATTATGTTCGAAGECTCACGARGGTCTECTTCTAATAGTCCACCAGGTT 28920
¢ L K A I ML KAOQUZEGULUDLIL I VDOQWV
A § R L L C * R L RXKXK WV CF * *» g T R F
L P Qg G Y ¥V EE S GER S A S NS R PG

28821 CACGTTCTCAATCACGTGGACCCAATAATCCTTCATTAAGTAGAAGTAATTCTAATTTTA 28080
H V L ¥ H v b P I I ¥V H * VvV EBE V I L I L
T F 8 I T W T Q * 8 F I K * K * F % F *
S R &8 ¢ $ R G P N N R § L &8 R 8 N S8 N F

28981 GRCATTCAGATTCTATAGTARAACCTGATATGGCICATGAGATCGCTAATCTIGCTTITAE 29040
D 1 ¢ I L *» *» N L I W& MURS L I L F *
T F R F Y 8 KT * ¥ G » * DR * § C F §
R H 8§ D 8§ I Vv K P D M Aa D E I AUDNLV L

29041 CCAAGCTTCGTAAACGATTCTAAACCTCACCAACTCACTARGCAMAATCCCAAGEAAATCA 29100
P § L V X I L N L S§ K S L 8 KM P R K 8§
Q AW * R F * T S A S H * A K C Q G N @
A K L G K D $ kK P Q Q VvV T K Q N A K E I

29101 GGCATAAAATTTTAACAAAACCTCGCCAAAAGCGAACTCCTAATAAACATTIGTAATGTTC 29160
G I X F * g N L A X § E L L I N I V M F
A * N F N XK TS P K AN S *» *» T § *» C 8
R H XK I L T X P R Qg X R T PNIXHTCUCWUNV

FIG. 2 CONT.
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29161 AACAGTGTTTTGGTAAAACAGGACCTTCTCAAAATTTTGGTAATGCTGAAATGTTAAAGC 28220
¥N § VL VX E DL L XK I LV MIL KC * 8
T v F w * K R T F 8 K F W * C * N V X A
Q0 Q C F G KRG P S O0ONUPF G NAMEMILK

29221 TIGGTACTARTGATCCTCAGTTTCCTATTCTITGCAGAATTAGCTCCTACACCAGGTGCTT 29280
L v LM I L 8 P L F L Q N * L L HQV L
Wy *» *» § 8V 5 Y 8 CR I &8 &Y TRZCTF
L 6 T N D P Q F P I L A E L A P T P G A

29281 TITICTTTGGTTCTAAATTAGACTTGGTTARAAGAGATTCCGAGGCTCGACTCACCTGTTA 29340
F 8 L vV L, N * T W L K E I P R L T H L L
FP L W P # I R L G * K R F R G * L T C *
P F F &G &§ KL P L V XRD S E AD S P V

29341 AAGATGTTTTTIGAACTTCATTATTCTGETTCTATTAGGTTTCATAGTACTTTACCAGECT 28400
K M F L NF I I L VL LGUL I VL Y QA
R ¢C F *» T 8 L F W F Y * V » * Y F T R L
K DV FELHY S S I RPFPDSTT L P G

29401 TTGAGACAATTATGAAAGTTCTTGAAGAGAATTTAAATGCTTACGTTAATTCTAATCAGR 29460
LR QL * K F L X R I * ™M L T L I L I R
* p N Y B &§ § * R EF K C L R * F * 5§ E
F B T I M K V L E ENL N A Y V N 5§ N Q

29461 ACACTGATTCTGATTCGTTGAGTTCTARACCTCAGCGTAAAAGAGGTGTTARACAATIAC 298520
T L ¥ L I R * V L NL 8 V XK E V L N N Y
H « P * P V¥V B P * T § A * K R ¢ +# T I 7T
N T D S D 8§ L S S K P QR KURGUV K Q L

295271 CAGAACAGTTTGACTCTCTTAATTTAAGTGCTCGGTACTCAGCACATTTCAAATGATTITA 29580
Q N §$ L T L L ¥ *V LV L 8§ TVF QM I L
R TV * L. §8 » F KCW Y S8 A HPF K =* F Y
P E Q F D & L N L S A G T g HI S N DF

29581 CICCTGAGGATCATAGTTTACTTGCTACTCTTGATGATCCTTATGTAGAAGACTCTGTTG 28640
L L R I I VvV ¥ L L L LM I L M * K T L L
s * 68§ * F T CY 88 * * § L € R R L C C
T P E D H & L L AT UL DD P Y V E D S V

29641 CTTAATGAGAATGAATCCTAATTCGACACTAGGTGGTAACCCCTCGCTATTATTCGGAAT 29700
L N EN E 8 * FDTUZRW* P L. A I I RN
L M R M N P N S T L GG GNP S L L F G 1
A * * E * I L I R H * VYV V T P R Y ¥ 8 E

FIG. 2 CONT.
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28701 AGGACACTCTCTATCAGAATGAATTCTTGCTIGTAATAACAGATAGAGTAGGTTGITACAG 29760
R T L 8 I R M N S§ C CN NI R®* S R L L Q
G H 5 b s E * I L AV I T DUR V G C Y R
* DT L Y QNN EF L L * * O I BE * V V T

29761 ACTATATATTAATTAGTAGAAATTTTATATTTAGACATTTGATTGTTAGAGTAGTTATAL 29820
T I Y * L VvV BE I L YLD I * L L E * 5L =«
L ¥ ¥ N * * ¥ F Y I * 7T F D C * 8 8 Y K
D Y I L ¥ &8 RNVPF I FRHL I V RV V I

29821 GGTTTAGCTGTAGTATARACGCCTICCGGGARGAGCTATCAATTGTAGTGTTTAATATATA 29880
G L AV VvV » T P P G RA I N C SV * Y I
v » L * ¥ K R L R EE L § I V V F N I Y
R F 8 C § I ¥ A 8 G XK 8§ Y Q L *» ¢C L I ¥

29881 TATTAGTATATGATTGAAATTAATTATAGCCTTTTGGAGGAATTACAAAABAARARARAR 25540
Yy * Y M I E I N ¥ 8 L L E E L @ K K K X
I 8 I * L K L I I A F WU RN Y K KZK KK

i L v Y D * N * L * P F G G I T XK K K X

295471 Aa 29942
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SEQ: 1 CTTATTCTCGCTTARCGCAGGCATGCCAGATAGTCGAATGCTAGAGARCAGTCTAGAGTA 60
Yy 8 R I A p 7T GG DI L KRDRTUDL D *
I L A F QT RV T * * g VvV I E Q * I E
F L. L 8 NR G Y RRDA * 8 R KD 8 R M

61 ATTTAGATTTGAARRATTTGTTCTAAGGGACAATAGGTACGAACACTCACACCAAATTAG 120
* I *» V K * V L N ¢ T I W A Q 8§ H P K I
N F R F X K F L I G Q * G H KH T HUN L
L p L § KL ¢ 8 ERNDMZS T LTT * b

121 TATTAGAACATARAATGAAAGCTGTGAAAAGTACAGAGACGGTCACTECACAACCAACAG 180
M I K ¥ KV K w VvV K * RE AL S TN TT
* L R T N * XK 6 €C K E DR Q W H R T P Q
Y D Q I K 8 E V 8 KM ERGTV H QO ND

181 GAGTCGCAGGGAGGCTATCCAGCGTTACTAATTITCGTCGTTTATGCCAGAGCCGAAGTT 240
R L T 6 G M P R L S * F W I RDIZ RS *
G * R 6 E W L b C HNVFG A F Y T E A E
EADRGYT®ATI IUL VL LY PRUPIKL

241 CACCCGCGETCTTARAGCAACCGACGAAGGCCTACGTCGCCTCCTCAACCEGATCAGGATA 300
T P A L I E N A A E P HL P P T P * D *
L P R W F K T P Q K R I ¢ R L L 9 8 T R
H A G 8 N R Q 858 § GG 8§ A A S &§ N AL G I

301 CITCAGTCTACTCCCACCCAATACGGEGAGATGACCAGTTCELTACCTTICACRACCTAL 360
S T L H P H T I GR * QD L 8§ P F H QI
L #*« I L ¢ P * A G R 8 T L R HPF T N 8
F D 8 58 P P N H G E V P * A I § L T P N

361  GCARATACTATTAGTACACTTCTATCTAACAGCGACGTAAGAACCTGTTCTTACCGTACA 420
R ¥ H ¥ p B § § L ND 8 C B8 Q V £ I A H
E N I I I M H L Y I TAO AUNIK S L F P M
T * $ L *» T F I 85§ Q R M R P C S H C T

421 CGTCAGTTTAGAATAGGCACTATAAARACAAGTACTTCTAGATGTACAACATCTTCAAGR 480
AT L D * ¢ HY K QB HL DV HQ L L E
H L *» I K p T I ¥ K ¥ MF I * M NY F N
¢ P FR I R S I KT * 5§ 8 R C T T S8 TR

481 TTGATTTTGTCGGCATTTCAGGCCATGCCCTTARAATTAATTTAGTGGARACCTATCGAR 540
L * P L R L T R Y P L XK L * I V KA Y 8
* § F C ¢ ¥ L & T R C N N F * R Q M A
v L vV AT F D PV A I K I L D G K C L K

FIG. 3
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541 CCCACCAAAAGGATTTCCCATACAATACCCGAACARGGCAAGTATGCTTCTGATTTGCAAT 600
P H N E * L T H * P 8§ T G N MCZSs8 *» VN
g T T K R F P I N H A Q E T * V L 5§ F 7T
P P K G L P Y T TI P KNI RIEUY DL V L R ¢

601 ACAACATGTAGTAGARAGATACTGATGTAGATCATGATTAAMACCACTTCTAAARMRRCCC 660
H Q VvoDDIK* s * M * *~ *» N g HULDNZK P
I ¥ ¥ MM KR HS CRS S§1I KTV F I KOQ
T T ¢C * R E I V VDRV VL KX P S 8 XK K P

661 AACCTAACATGCGAAAACCAAAATACGGTAGAATACAAGTGTTTACCAARGTTARGACATE 720
¥ $s ¢ VvV X Qg N * A M X H ECI TE I RY
T P N ¥Y R K T KH WRTIDNUVPOPKILET
g I ™ ¢ XK P X I G D * T * L. H N * N Q@ L

721 CAACATATAACTTCTCTCACTAAATTATTARAGTTTARARTTTAAACTACTARTACTAAR 780
T T Y ¢ L §8 H N L L X L N * I 0 H N H N
P Q¢ I ¥N F L T I * Y N * I KPF K I I I I
N Y L § 8 L 8 K I I B P KL N S§ B8 * 8 X

781 ATCACATCTTICTACGAATACGACTCCARGTACGACTCGGATTTCCATTTATARGTGTTTT B840
* H L L, H X H Q P BE H Q A * L Y I N V F
K T ¥y ¥ I 8§ 1 8L N M S8 L R F T UF I * L
L TS S A * A ST * A S GG L P L Y E CF

841 TCGAATACGAAATGAATCTGTTATAGCACCATAATTTGGGCATGAAAAACATCTGGTCAT 900
L K H KV * v I DHY * VRV XK QL G T
F 8 I 8§ * K & L I T T N F G Y K K Y V L
A * A K 85 L C Y R P I L G T 8 KT 858 W ¥

501 ACCAACACTCATAAGACCATTTAATCETCTAACAGRAGTTCGAATACCAGTAATAAGAAL 960
H N H $§$ N Q ¥ I L L " p EL K HUD N N K
I T T v I R T PF *» C I TXULS I T M IR
P @ & * BE P L N A 8§ Q R * A * P * + B X

961 CETTCTATACTCTOTTTTCETCAGACATACCGARCGGTTARCACTGARRCTATARCATCA 1020
AL Y & V¥ A T ¢ I A Q WNH B8 Q Y Q L
Q L I H 8 L L L R Y P R G I T V K I N Y
¢ 8§ I L ¢ F CDTH S AL QS8 K S I T T

1021 CCGAACCGTACATCAAGCACTAARGTGCTAAACAATACGCCGACGTCTGATATCGATGATA 1080
P XK A H L BE HN V I Q * A G A 8 * L * «
H 8 P M Y N T I * 8 K N HA Q L 8 Y § 8
A Q C T TR S ERNTTI RRCVYVY I AV I

FI1G. 3 CONT’D
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1081 AACACCATAATTTATACAACGTGTTIGGATGTCTTCTACATCATCTACCTCTACATCAATA 1140
K H Y *» I ®H ¢ VvV ¥v » L L H L L H L H L *
N T TN PF I NCL RCPI Y Y I 81 YN
g p I L ¥TACGUV SESSTT E P S T T I

1141 TGCACTTGOACATGTAAATAATAGACGACTACGTTATCAAAATTTCGAAGGATCAAACTA 1200
vV KV Q VNI I Q Q HL L K L A E * N 8
Yy T F R Y M *» * R 8 I C YN * L K R T Q
R 8§ 6 T C KND A S AI T KV F S§ G L K I

1201 CTTTCAATACTGAGTATACCTACTAAMAAGATAATTTAGATATATATTACARCTAAACAC 1260
$§ L * 8 B Y P H N K * » I x f Y H Q ¥ T
H F N H § M H I I K RUNF R Y I I N I Q
P T I V * I § S XK E I L b I ¥ L T 8 K H

1261 ACTAACACCAAARCAATACGTCATACCAATACATCTAACAAAATTACTATTAACACTAAAR 1320
H N H N §Q * A2 T HUNH L NN * H Y N HN
T I T T KN H LI T I Y I T K I I I T 1
$ @ P KT I C Y P + T S Q KL 8L Q 8 K

1321  AATACCAACCCAAAGCTCCATTATACTACCTACCAAAAAGAACAGGTAACACARCATGTCA 1380
K HN P KL ¥ ¥ § P HHFE KI KD MTNY L
XK I T p N * T I H H I T X R T W Qg T T C
= p @ TE P L I I §8 P K B Q G NHQ VT

1381 AATACTGAGATCGCTTCAATTTCGGGTTAGTAGACCACAATAAGGACTTTTAGCGACACAA 1440
K H $ * R L * L 6 I M Q0 H * BE Q F D QT
N I YV R A FNPFF G L * RTUNWUNRPF I RH
* § E L 8 T . A W DODUPTTI G S F G TN

1441 TAARTGATTATCATGACTATGACAATTGGTACTAAGAAAATTAAACATACCAATAAGACA 1500
I *+ *» Y ¥ Q@ Y @ * G H N K * N T HNN Q
* K § I T § I 8 N V M I R K I Q I T I R
N VvV L L ¥V S V T L W 8 E KL K Y p * ET

1501 GTCTGETAAACCAAGAACATATATAACCAGCGGCGCAGGACCTAACACCTARGGATATTA 1560
* Yy M ¢ N XK ¥ I N T A ADOGQ I T S E * L
D ¢ W KT RTY I PRRTURS QPN RYX
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N F F I ¢ TNTOTT * § V A QI K F I *
L F YV P T L P Q KV 8 Q K YR L F K V

GGTCTGAARATGTAGATACAACTGATTAATAAAARACCTACTACAACTTTACCAACGAAT
G &§ K * M * T 8§ * N N K P H HQ F P Q K

G L 8§ K ¢C R HQ 1 I X @ I I N F HN 5
W v K v b I NV L *¥ K KX S § T 8§ I T A ¢

ATTGGGACTAGAAAGTGTTATAATAACACTATTACCATTCATARTATGTTTTGGATAATA

Yy ¢ § D K VvV I N NH Y HY TNVY L V *= ¥

¥r vR I K L I 1 1T I1I I T 5L I I €CPF RN
L 4 8 R EC ¥ * Q § L P L Y * V F &6 I I

TTTCCGAGTCAAATTTIGCTAMCGATTTCAACTGCCACAAATATCATTCARATTCAATCA
L. P E T * V.M Q * L Q R HK Y *» 5 * T L
Y L 8 L K F W K § F NV T N I 8 V K L *
F A * N L ¢ N AL T S p 7T »*» VvV L K L N T

ACCTGTACTATAAACACGAGTTAACTTACTATTCAATCCAAAATTACATCTARACGGCAA
Q v H ¥ K H E I § H ¥ T L N * H L N AT
N 8$s M I N T 8 L @ I I L * T K I Y I Q R
P C 8 1 QA& * N F & L W P KL T & K G N

ACAACTCATGTTTCATTGTCAGACCGGACATCCATGACCACTACAACAAARCCGTAGACT
0 T C L L L RAGQTIL™* Q@ HHQEKTUPMDZQ

X ¥ L VvV F Y CDUPRYS S TTINUSNTZGOQTCR
*T $§ ¥ L TV T QGCTAV P S TTIXKATD 8

ACTARATATACACTTTGCAATAAAATTTCCTACACTTTGAAAACCATTCGGACAATAMAC
H ®# I H 8 vV ¥ N * L T HF K QgQUY A § * K
I I # ¥ H F T I X F 8 T F 8§ KT L R N N
$ K YT PR = KL P H S V KPL G T I @

CAAAACAGTACTACTTCGTAGTAACTTAAGAGAATGRATAAAATTATTTGCGATCAAAATT
T K p H H 1L Mm M 8 N E *» K N * ¥ V * N *

P K T M I F C * @ I R K & I K I ¥ R T K
N @ * § 8 A D N F E RV * K L L 6 L KX L
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6481

6541

6601

6661

6721

6781

6841

6901

€961

TAGACTTTTATCTATATCACAAAACAGACAACTAAGACATAGACTCCTCAGTGTTCCATT
I Q F Y ¥ Y H X T Q Q N ¢ I QO p T V L Y

F R F I § 1 T N R ¥ I R Y R L L * L T
DS F L YL TX DTS ETUD S 8 D C P L

ACRCCAATGAAGACAATACCTTAGCGTCTAATCATGATITCTCCAATTCAATTTCCCACA
H P * ¥ Q %« P I A 8 * Y * L, P * T L P H
I HN &8 R N HPF R L NT S P¥F¥F L N L * u T
T TV ET I §$§ P CI1I L V L 8 T L N F P T

ATCTTTCTGACAATTTTATCTTCTACGATAATAACAATTACTACTTTTATCAAGATAATT
* F 8§ @Q * F L L B * * Q * H H P Y N * *
N 8§ L & N F Y F I §$ 8N N NI I F I T R N
L F V T L I § 8 A1 I T™ 5L 8 8 F L E I 1L

CCAACAATTTTCAAATAGAAATCAACTACAAACCCTATACATAAACTGTCCAACACTAAT
P Q * ¥ N I K L g H K P Y T VN &8 L N H N
L N N P T * R *» ¥ I N P I H I Q@ C T T I
T T L L K D K T 8 T Q 8 I Y K V P g 8 =

ACAACAAACCCAACCATTACTTAACAGTGCOGCGATCAATTTAGTGGTTGTCAATCCUTTAT
H Q K p ¢ #* H I TV GG L * I V L L * P I
I N N P N S I F Q * A * NF * WUCN P F
T T @ T AR L &8N DRRTIL DGV T L § Y

ATATGCTATACCATAATTTGGATAATGATATGGATATCTAAACAATACRRATTCTCTACT
¥ vV I H Y * Vv *» » » y *» L N T I N L L H
I ¥ $ 1 ' N ¥ R N § Y R Y I @ * T * § I
I R Y p ¥ L 6 I VvV I @ I 8 K NHK L § 8

ATTAGTTTGAGARAATCAAGCATTTTAABAATTICGTITCTCGATATCTTARAATACCAAA
¥ D F E K L BE * ¥ K * L L L * L I K H N
I I L 8 K * N R F N K F C S8 8 Y F K I T
L * V R X T ¢ L I ¥ L A L A I 8 N * P X

AMACTTCACCAACAAATAARRTACAANAATCAMATAATGTAAAATGTTTACTATTTTGGTA
¥ 8 T 7T™ T * K H K * N I V N * L HY F W
XK Q L P @ KN I N KT *» *»* M K CC I I F G
XK F H N N I * T K L KN CIK V F 8 L V M

AAARRTATGATCTCTTTATCGAAGATTCAAATGARRATTAAACARAACARACCGAGARTT
XK K Y » L P L K v+ T «* K * N T K N P E *
N K I 8 C F ¥ 8 R L XK 5 K I ¢ K T Q 8 K

K *» vV v § 1 A E L N vV KL K N Q K A R L
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7021  TTTACGAARAGTCTCTARATCTACCTCATATAAATATTTTCCAARACARCAACATCGGTE 7080
F H K E s M * I § Y I * L L N BE Q @ L W
F I 8 XK L ¢ K 8§ P T Y K Y FP T X KN Y G
F A K * vV N L HL I ¥ I F P K R T T A V

7081 ACACAARAACARAACCAAATTAABAARACATATATTTACAATAARAATCACTGAAAATAGA 7140
Q T K T K T * N K T Y L H * K * H § K D
S H XK Q K P K I K ¢ 1 ¥ I N N K T V KR I
T N K N Q N L X K ¥ I F T I K L 8 XK * R

7141 AGGATTATAATCACAAMAAAGGATARAAACACCCTTCTTAACAATACACCTATITCCGATG 7200
E * ¥ » H K E *» K Q P F F Q * T 8 L pP *
K R I N T N K R N KH & 8 N ¥ H P Y L S
G L ¥ L T X G I KTU®PILITTIHTIP AV

7201 AAAACCAAACCAATGTTAAACACTAAARRTAAGATTCAATCCACATCCARAATGTTCAGT 7260
K @ ¥ P * L K H ¥ K N * T L H L N * L D
§ KT QNCHNT I XK I RIL* T Y T KOC T
K P K T VI s K * EL N P T P K V L *

7261  AAAARCATTACCATCAAAATATACACTTAACACAGTAAGACCARAACTATACAACCTATG 7320
N K Y HY N * I HITDUNO QU NG GQTYTT®PY
M K T I T TZXKJYTTFGQQTM® RTIZ XTIHOQI
K Q L P L K I K S N H * E P K § I N § V

7321 TATACGTCGATATCTAAAACAAGTCATACTTCATCTATCTGCACAARATAAACTAATACA 7380
M H L » L N OQ E T H L L ¥ V H K I @ N H
c I ¢ s Y I K N L I F Y I 8 TN * K I I
¥ A A I 5§ KT * Y § T S L R T XK NS *» T

7381  ATCAAATCAGTTTAATTAACAACTTGAGCAATAACCAATAAGTAATATGTGTCATACCAA 7440
*# N L * I L Q@ Q V R * Q N N M I C L I T
¥ T *« D F * N N F E NN T I * « VvV C Y P
L K T L NTI TS S8 T I P * ENUZY V T HN

7441 AATAGGTAATAMAACAGAATAACCAAATGTTAATARATGATGTACCAACGGACTARACAA 7500
K p M I KDPD<»*» QN V I I *» * M TAUQQNT
K I w » K T KWNT * L * K S5 C P ¢ R I Q
* G N N Q R I P K CUNNUV V HNG S KN

7501  ATACAATCITTGATACCTAACCAACTAATCTAAATAACATAAACATCGATTATACAATGE 7560
* T L P * AN T S8 * I * I § L * ¥ T V
K H * F 38 H M P @ N 8 K N ¥ X Y 8 I H *
I ¥ 8 Vv 1 ¢ ¢ N I L N I T NTBAUL I N G

FIG.3 CONT’D
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7561 ACGAMAACAGAACAACGCCAAAATATATCAACAATGACGATACATATITCATCAACCAAR 7620
Q K @ R T A T K Y L ¢ * @Q * T Y L L QUVN
R &8 X b ¢ ¢ P K I ¥ NNS§ S H I F Y NT
A K T K ¥ RN * I T TV A I Y L T T P K

7621 ATAATCCGTATAACAGATACCAACATTATTTCGACCAACAAATAAAACAATATTTGCTTT 7680
* * A Y QQ R H N ¥ Y L @ N N I K ¥ Y V F
K N P M N D I T T I F S T T ¥ K T I F §
I L ¢ I T ** P Q L L A P Q K N Qg * L R F

7681 AACATCACAAGCACAATTCACATCATGATAACARACCACCACATTAAGCAATRATACTATA 7740
N Y H E H * T ¥ ¥Y * g ¢ HHUL ENNUHY
I T TNTUNLTTT S NNTTY NRNT I I I
¢ L T R T L H L VYV I TP PT I R * * § 1

7741 ATCACGATTACCACCATGACCAAAAACACAATTTCTAGTTACCTTAACRARATTAACGGT 7800
* Q * H H Y @Q N X H * V D I 8 N N *» N G
N & 8 I T T & T X TN F ML P I T K I A
vV A L P P V P K QT LCC * HF Q KL QW

7801 AAGAAAATTTGGTCCATTGTGAARATATTGACATCTTCGACGATATCTTGAAAGATTICT 7860
N X * v L Y ¢ K * L Q@ L L @ * L Vv K * L
M R K P WT V 8§ K Y 8 Y F 8§ 8 Y F KR F
E XK L 6 P L VXK I VT g8A-AIZS S ETILS

7861 CGAATTTGECTGGACATTTAGGTTCGACTACGAAGTGTAATACATCAATGACTATAATTCGT 7320
A * VvV V Q L DL ©Q H K VY N H L * @ ¥ * A
L. KX F 8 R Y I w8 I 8 +* M I ¥ N S I N L
S L R G T F 6 V § A2 E C *T TV S I L C

7921 TCAACCAACATACTACGCAAACAAGATACTATCTCTACCTGTCGCACAAATGCTACTACA 7880
L Q N ¥Y 8 AN T R H Y L HV A B X R H EH
L N T T HHH T Q E I I 88 I 5 L TN V I I
T P Q I I R K N * 8 L 8 P C R T * 8§ 8 7T

7981 ACTACGATCAAATAAACATCTATAATTATTAGRCAATGTAAGATTTCAATTTCAACARGG B8040
0O H * NI QL Y * Y DTUWVN * L * L Q E
N ¢ § T * K Y I NI I @ * M RPF N F N N
S A L K K T $ I L L RN CE2 L T LT TG

8041 ATTAAACATACATCAACATCATCTCTCACTACGACTATCTCGATTAARAAGACTTACGACA 8100
* N T H L Q L L &8 HH @ Y L » N E 8§ H Q
R I @ I ¥ N Y ¥ K T I & I 8 &8 I K Q I &
L K Y T™™T™TT S L &§A 8L A L K RF AT
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8101 ACACAARATACGTIGTTAGTARCATATCCGGATATARTIGAACATCTGTTTTTCAATTAATG B1l60
g T K H V. I M T Y A *» I VvV Q L. C F T L =
N H K I ¢ L * Q I P R Y * XK Y V F L * N
T N *» A C DK Y L & I N &§T 8 L F N I V

8161 ATCTCGAACATTACCATAGAGACATIGCGTCTGATACAAACTACAAATACAACTATGAMA 8220
* L K Y H Y R Q L 6 &8 * T @ H K H @ Y K
s ¢ 8 T I T D RY G L 8 H K I N TI N I 8
v A ¢ L P I BE TV W VI NS T *» T 8§ V K

8221 ATACAGAGTARARACTACAACTATCTITCTCAAAATTATTAAMACAATTGTAACGAGTACG 8280
* T B N Q H Q Y F 8 N * Y N O * C Q E H
K H R M X I N I 8L T X I I KNV N 8§ M
I D * K 8§ T 8 L F L K L L X T L M A * &

8281 AAGAGAATCTCTCCCACACGTTAATCTTTTCCAAAATCTATGAARACACCCTACACATEC 8340
X E * L P H A I L F P K L Y XK Q P I H V
S R K § b T B L * P L N * I 8 K H S8 T ¥
E R L 8 P T CNGS F T XK SV K TUPUHTR

8341 ATTTACAACARAGGTAACTAAGTCTACAACTITGTTCIAARTAATGATTTAGATACTATAG 8400
¥ I N N W Q N L H Q F L I * * * 1 =« g 7J
T P T T G N I * I NF €S8 KN S F RHY
L H ¢ EM S E S T S8 V L NI V L DB I I D

8401 ACGTCATCGACGACCAAACCTTAAATGACTACTTTTAATATIGTTAAACCATGGATGTAT 8460
Q L L Q @ N P I *» ©Q H F N Y C N P VvV *» M
R € ¥ &§ 8 T @ F XK 8 I P I 1 V I Q Y R C
A T A A P K &8 NV &8 8§ F * L L KT ¢ ¥ ¥

8461 ARATTTCTCACTATTATAACATCGACGACTAAATCCACAAGAATATOTCTTACCACGATT 8520
N L § H Y Y QL 0 QN L H E * V § H H *
I * L T 1 I N Y S§STI * TNZ XKTYHLTIT §
X # L 8§ L I T A A S8 K P T QR I CF P A L

8521 CGTACATGTCCCATTACAACGATTCCGTCGATTATAMAGAACATATACCRAATAACTALG 8580
A H V P Y H Q * P L *» ¥ XK K ¥ I T * Q H
L M ¥ L T I N 8 L €585 I NRUT Y P XK NI
¢c T ¢ P L T A L A AL I E QI H N I 8§ A

8581 AAAATTAGTTGAATGACGACTAAATGTCGTATTTAATTTTTTTCGTACACAATTTTGALC 8640
K + b v * ¢ N V A Y I L P L MH * F Q
$ K I L K 8 8 I » L M ¢ +* ¥ F C T N F 8
K L * 8 Vv A 8 K ¢ C L N F F A HT LV P
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8641 GAACTTCAATTTTAACTGARAATTATTCCTTCTCCGTTCACAGGGATAAGAATGTIGTGG 8700
$ s T L I 8 K * ¥ A L P L H G * E * L V
A QgL * F Q5 K I L L L T DZRDNZKTCC
¥ P N P N V XL L C 8§ A L T G I RV V G

8701 GAAAAGTGAATTTCCTCCACAACATAACTCATTAAACAATATATATAATAAAAAACAATC B760
R X v * L L H Q@ I S Y N T I ¥ I I K Q *
G XK * KX F 8 T N Y Q T I g * I ¥ *# K KN
K B 8 L P P TTWNILILIKDNUY I N NIX T L

8761 AAATTAGACAARATATAATAACACCCGAAATAACGGATGTATATCACAAATATTCAGACT B820
N L R N * I I T P K I A * M Y HEK Y T §
T * D T K Y * Qg P § * Q R C I T N I L R
K I g K I N N HAKXKUNGV Y L T * L D 8

8821 ATAAGTAAACGGACGAATACGATCAAAATTTCAATAACTATTACCACAACAATCTCTATA  88BO
Y BE N A Q K H * N * L * g Y HH @ * L Y
I ¥ M @ R § I 8§ T K F N N I I T NN 8 I
I *» X 6 A * A L K L T I 8 L P T T L 8 I

8881 AAGTCAATTACTARATACAAAACGATTATTTAAAAAGGTTAAACTAGTTACCATACTCAG 8940
K L *~ H N I N Q * Y I K G6 I QD I T HT
N * N I I * T K § I F X E L K I L P I L
E T L 8 K HKXKAULILDNIXKW®NS * HY § 0D

8941 GTGAAAACCCAGACAAATGATAGTATTAAGATACCTAACGGGATAACATCACCGTCAATA 3000
W X ¢ T @ K 8 DY N * P N G * Q L P L *
8 8 K P RNV I MIIRIETIW AR RIDNYUHTCUCN
vV XK P DT *x * * L E I § QG I T T ATI

2001 CCTACTTCTATAGCCAAGATGATACAAATTACAAGGATGATTICAAAACTCTGTACCGAR 9060
P B L ¥ R N * « T * HE * * b K S VvV H §
H I F I D TR S H K I NIR S8 F N Qg S M A
s § 8§ I P EV I N L T &6 V L T KL ¢ P K

5061 AGTACAAAATGTAAAAAATTGAATACGTAARCGATCACTATCACAAGTCACCGATATGTEC 9120
E H K VN K L X H Mg B Y HET S ¥V
K ¥ ¥ » M K *» 8 T CK $§ T I TUNILOATITC
* T XK ¢ K K v «# A N A L 8§ L T + H * V &

9121 TGTATAAGTCTARAGAATATTACTARAAATACGATCACCAACACAAAATAGTAGAAACAC 9180
vV ¥ E 8 K X Y H N K H * H N H K I M K T
W M N L NR I I I K I 8 T ¢ TN *» * R Q
¢ I +* I E * L 8 K * A L P O T K D D K H
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9181 ATGATACAAATTTTCTCCACTACCATCTGGTGTAGGAATAACAATAAGTCTACCACAATA  §240
Yy *» T * P L H HY V VD KDN NDN L H H *
T 8 H K F § T I " C WMPRI T I * I TN
v I N L L P & P V & C G * Q * B § P T 1

9241 CTTCTTACGAAGAAACATATCTAGAAACCAAGSTGTATGTCCAATATCGGALCGATTARG 9300
8 8 H K X T Y M K P E V ¥ V N Y G Q * N
H L I 8 R @ I CRQ2NWMOCOCTTIDAIXS I
F F A B K Y VD K TGCV R * L RA L B

9301 ATTACCAADATATTCTAAAGGACTACAATAATCACTTCCATAACATGCATAACATTCTTSE 9360
* H N * L I E Q H * *» H L Y Q V Y Qg L F
R I T K ¥ 8 KR I N N T F T N VY T N ¥ 8
L P XK I L NG ST I L S PI TRTITTILV

9361 COCGAGATACTGAATAACATCTCACCCACGTACACTTATGCGGCTTCTCCCATATACARA 9420
A § * § XK N Y L P HM HTIIRURIL P Y I N
R A R H 8§ I T 8 H T CTVF V G P L T ¥ T
R BE I V * QQ L T PAH S Y A 8 8 P I H K

9421  ATTAAAARTTATCAAGGACCCAAAACTTATTACTAATAATATCTTCATACGGACCTTGARA 9480
* N * ¥ N R P K 8§ Y HN N Y F Y A Q F X
K I K I T ¢ P N Q I I I I I 8§ T HUR 8 8
L K L L E Q T K F L 8 * * L' L I ¢ P V K

9481 AACACCATCTCTAGAABRAACTARACAARATAGTTAAAAAATCATCAAATTAAGCAGGATA 9540
XK H Y L b K @ N T X D I X * ¥ N L B D =
K T T 8§ I K K I @Q K I L K K T T * N T R
Q P L § R K § K N * *» N K L L K I R € I

9541 TCTAAAGAAAAGAGAATCACGATCAAGATARAAACCTCGATATAACCGATATCAACAACA 89600
L ¥ R K E » @ » N » K Qg L * I » *» 1L, @ ¢
¥ I B K R K 8§ 5 TRDNI K S 8 Y g 8 Y N N
8 X K E R VY A L E I K ?P A I B A I T T T

9601 GAACCAAAAAATAATAAATTATTTTGAATTCGCACGAARACCTCTAATATGATCACAACA 9660
R P K K N N L L V *~ &4 HKOQULNUY * H G
D Q N K I I *» ¥ ¥ KL T S8 K S I I & TN
XK T K » » K I F § L R A K P 8 » Vv L T T

9661 TCAATATTTACAACAACAAACCACATAATTAARAGAATACGAAABACAAAAACGTTCAAAT §720
L * L B Q ¢ K T Y * N B * A K @Q K E L K
Y N Y I N N N P T N I K K H X K N K L N
T I F T T T @ H I L K R I 8 K T K * 7T «*
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8721

9781

9841

8501

9961

10021

10081

10141

10201

AGGATAAACACGTACACARATACGAACAAAAATAAAAATACATTGTAACATAAAACGAAG
D * X H M H K H K N K N K H L M TN E K
I RN T CC T NI S5 T X I K I ¥ C Qg I KR

G I Q a #H T * A Q K * K * T V N Y K & E

ACTTTAATCACATTAATACGTAARCCTTACCTAACAATACATACCACGATATTACGGARA
Q F * H L * A N A I 58 Q * T H H * L & K
R F N T Y N H M Q L P N NH I T S Y H R
$ I LTI ¥ CKCHITTIYPATIIGHK

AACCAARACACACTGTATACATCGATACCAATAACGTTTGCTACAAAATACCAATARAAG
XK T X B « M g L * P * g L G H K I T I K

K P K T D C I ¥ 8 HN¥N NCV MK *+ p = K
g ¥ Q T V Y TaA I T I AF WTKHUNNE

TATAACATCCTTTTAACCACAATTACATACATCACTATCATGTAAACTTCTTTGTAGAGA
M N Y 8 F Q H * H I Y HY ¥ M g L F M E
* I T P F N T NI Y TTI T C X F F CR

Yy ¢ L+ ¥ I P T L THUL S§ L VN § 8 V D R

ATGATGAAAATACTAATGATTTCTAAGAATAACATCTARTTTCTTAAGACARAAGACTACA
* + K * g§ * ¥ L N KN ¥ I L § N Q X Q H
K 8 8 K # ¥ 8 F I R I T & * L I R N R I
vy ¥ X r 1r v L 8 E * QL N F F B TUE S T

ACGGATGTTATCTATAAACTCARACATATTATTCATAGCAATGATATCACCATTTTACCT
Q R C ¥ I N &§ N T Y Y T D N S Y HY F P

N GV I 8 I g T4 I I L I T VI1ITTF H
A * L L ¥ K L K Y L L ¥ R * * L, P L I B

ATGACCGACGGATATCTCTTCGCCGCACAAGAGTCAATCCGATTTCCATACCTT TG TAAATT
Yy ¢ R Y L 4w P TN ET UL *» L * P F M *

I &8 8 ¢ 1 &8 P R R TR RULO®* S F B8 H F C K
vV AA * L 8 AAHE* NA LA I S V N L

AGTGTTATTACCATTACTACACAATATGETTGGAGCATGTCGTAGACAAAGATGTAGANA
L ¢ ¥Y H ¥ H H R I GV E"* L M Qg K * MK
r v r:r T ¥ 1t np*» VvV L RRCCRNURCR

* L L P L & T K Y W G G V A B T E V b K

AAACGTTAGTCCATAACATTTCTACCATAGAGGATGCAGTTTTTAACTTGGAACATAACA
KA I L ¥ QL s P I E* T L F QV K Y Q
¥K gL *» T N Y L B Y R RR* F N F R TN
K ¢ b I ©™ F I P G VYV D F I &8 G Q I T
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10261 ATCACAATGAATACCATCATACTGAAACTTACCAAATACCAATCTACTGTTTCARATAAC 10320
*H * K H Y ¥ § K 38 HN I T L HC L XK N
N TN S I T T H S5 Q I T + p + I ¥ F N I
L T v * P L I V K F P KHUN S S L T * @

10321 AGGAGCAGTACAATATACAAGTAGGRAGATTATACTTCCTTGGACTAATAAGACGGAATAA 10380
D EDH * I N MR * Y 8 R V g N N QU R I
T R T M N Y T * G R I HV F R I I R G ~
G R * T I H ED E L I F 8 G 8§ * E A X N

10381 CACATCTCAATGAGATCCACTAAAATGATATTACAGACCAGCCTACTCARATTGOTCAACA 10440
T Y L * EL HN * * L T QD S 8 N L L Q
QT S N S * T I K 8 ¥YHRT P HT *+ ¢ N
H L T V R P 8§ KV I I D PRI L KUVTT

10441 CAGAATGGTCTACGTCCCGACAGTTGAACARAACTGTCAGAGARATEGTTTTAGGAATETG 10500
T K G 8 A P 8D V Q K S L R KUV F DK C
H R vV L H L A T DL K N Q C P R * L I R V¥
B * W I C P Q * § T KV T EI KU CUF G * V

10501 AGGTTTTATATGAAAACCATTACAATTTGGACCACTTTCARRATGACAAAATCOACGECAT 10560
E L I ¥ K Q ¥ H * V Q HF K * g K L QT
§ w F I § K T I NUPFZRTUF S K 8 N * 8 R
G F ¥ ¥V K P L T L 6 P 8 V K V T K A A Y

10561 ATTACCGGCTGGTGTTCCCCGTAAAGTACAATGATACGCATCATCAATATGATAATTTCC 10620
Y H G VvV VvV L, P M EH * ¥ A Y Y N Y * x [
I T A 8§ WL P CXMU¥N SHTTT I §&§NF
L PR G CP AN * TV I R L L % Vv I L P

10621 AAGAAAAARCACACCCAGTACACCTAGACAACCAATACATAATTGTCCACTATCACAATT 10680
N KK THTMHBI Q Q ¥ H I L L H Y H =~
T R K ¢ T P *» T § R N T I Y * ¢ T I T X
E XK K H P D H P DT P * T NV P S L T L

10681 CAAACATATATACGTAGTTAATCTCCAGTCATGACCARCAGTGTGACCGTGACTARAATG 10740
T Q I ¥ A D I L A * Y Q NUDC QG C Q N ¢+
L X ¥ I H M L * L ET 8§ T T ¥ 8 A 8 I X
N T ¥ I ¢ » N S 8 L V P Q * V P VvV 8§ K V

10741 ACCATTAAARATACCAGGTATATCTCTACGAGTTCAACATGTCAACGGTCAATTCCTGAT 10800
Q ¥ N K H D MY L HEBEULOQV Y TADL * P 8
8 T I XK I T W I 8 I 538 L N Y L Q W N L V
P L X » P & YL &5 A * T T C NOGT L § =«
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10801 GCAGGTCTGACAATTACAATAACGAACCGAGATACGTCGATATCAATTATTAACACGAAC 10860
R ¢ s ¢ ~ H * Q KA RH L * V * ¥ N H K
VoL S8 N I NN S P EIOCS Y K I I T S8
T WV T?TL T IAGQGS*AATI §&§ L L Q0 A Q

10861 CARACATGTTTTACTACAAACAAGATGACTTCTAAAATTACABRACCCGATACCGTITACC 10320
T Q VF HHKN®* QL N * HK P *+ p L H
P K Y L I I N TR S F I K I NP S HC I
¥ T CF 8 TQEV 8§ S KL T QA I A TF P

10921  AAAATCGGTTCATTTTCGTCTAGAACAGAATCTACGAAACCCAAGTTACTGTCCACAAAG 10980
N * 6 L L L L D Q R L HK P K L § L H K
T K AL Y F C I KD * I 8 Q 8 * H C T N
KL W TP A § R T K S AKOAUETIUWV P TE

10981 ATAACTTTGARATAACCGACGATAATTCGCAGATATATACCCTAAAGTTCCAGCAGTTTA 11040
* Q F K I P Q * * A DI Y P I ELUDDUFP
R N F 8 *» Q 8 § N L T *# I HS X L T™TTZL
I 8 vV X N A A I L RRY I PN * p R * I

11041  TGATCCTTCAACATGAAAACTTCTACTTAACCGTGGARGACTGCARATAGTTGTTARCCE 11100
VL PFN YK OQTILUHTIZ®PUVIE KT OT RTEKTDUVTI?P
Y * $ T T S KF I P Q CRZERUVUNITLTILDZGQ
8§ P L Q V K S S § NAGE ST » > C N &

11101 ACCACAATTTAACGTTAGATTTTIGTTTTTCTAAATAATTITCTTTGTTAAATAACCTARAA 11160
Q H *» I A I * P L F I » *» L F L K N 8 K
§ T N F Q L R F CF S KNUF PP C N I PN
P T LNCD LV F L NTIILSV I * Qg I K

11161 CTATAGATGTAAPAAACAAATCAACATATTAAAGACGTAAACAATTTACCTCATATARRTA 11220
s I » M KT * N Y L K Q M Q@ * I § *» [ ~
Q Y R C K Q K T T Y NZRUCI KNV F P & Y K
I DV NXNILGQ@I I EANTILHV I N I

11221 CATATAATTATGTGTATACTAACCACAATGTAATACACATGAAACAAAACAATCAAAATA 11280
T Y * ¥ VvV ¥ 8 g H f M I H V KN Q * N *
H I NI CHMHNTWNOCGC™* T Y KT KN T K
¥y I L v ¢ I I P T VNI HTS Q K T UL K I

11281 CTACARATGATCAATTTGTATTCGTAAARATARACTGATACATATATTAAGGACATGAGAC 11340
S T VvV L * vV Y A N KNS * T Y L E Q V R
H H * *» N P M L M K I @ 8 H I Y N R Y B
I N 8 T L C L C XK * KV I Y I I G T 8 @
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11341 ATGGAACAAAATACATTTAATAAATCAACAAATATTCCTTCCAAAATCTCCAAAATGAAT 11400
Y R T X H L N N L Q K Y p L N * L N * K
T 6 Q X I ¥ I I * N W I L F T K 5 T K S
vV K N * T F * X T T * L &§ P K L P K V *

11401 ACAGRCCGRGAGTATARAAACAAGGACGACACTTAAARATGAATACAARATACTTCATAAAART 11460
H R 2 R M ¥ 0 E 0 ¢ 85 N * KHKHUL I K
I D P E * I K NRSHTTI K S I N I F Y K
T Q 8 E ¥ K T G AT F KUV *» T *»x g T N *

11461 ACCAACATAAAATACACAAAAACGATAAAMATATTGATACGTATCATAATTAGTACTGTA 11520
H N ¥ K I #H K @ * K * L * A Y Y * D H C
I T T N * T N K 8 N X Y § H M T N I MV
P Q I ¥ H T KA I K I v 1 ¢ L I L * 85 M

11521 AAAAAGAAACTACAAAMACCAACCATCTTATCAATGAAATTAAAGATACACCATAAALCT 11580
¥ K X 8 T X P ¢ ¥ F L * K L X * T T ¥ Q
N K R Q H X @ N T 8 Y N 8§ * N R H P I K
K E K I N K TP L I T VK I ETI HY K P

11581 CAGCTITAAATCTTCTCCTACAAARCAATAAATARTGTCCGARAAATCCATGAATATGTAC 11640
T 8 ¥ L L P H K T I * * L R K L ¥ K Y M
P R I * P L I N Q * KNOOCGIX *» T 5 1I C
D P K &8 § 8 T KN NI V A KK P VvV * V H

11641 CTGGTGATAAAACAGTAATCGATATCGTTTTTARCAACGATTAACCARCAGACAATTATA 11700
§ W * K T M L * L L F  Q * N T T Q * ¥
P G § N Q * * § Y ¢ F N NGBS I P QRN I
vV I KD XNXNATIATFTITAULOQOQNDTTL T

11701 TAAAATABAPTGTCTACATGCAATATARTTTAACTAACAGARCTCAATGAATARATATCC 11760
I K N * L H VvV XY * I 8 E R S N S8 I * L
Yy K I K ¢ 1 ¥ R I N F Q NE QQ T V *» K Y
N *» K VvV 8 T G * I L ¥ I R K L * KN I P

11761 CATATAAAATAGAACAATAACCCCTAAAAAGAGAGAAAATTTGTCACAARAATCTTACGG 11820
T ¥ XK I K N N P I K R E K L CH K *¥ F A
P I ¥ *» R T I P 8 K E R K * VvV T N K 38 H
Y I K h ¢ * Q P N K BE RKF L T K L I G

11821 ATACCCACARATATTAATATTTTAAAGACAAGTICTTAACGCRATATACTTACGATTACC 11880
*+# pH K ¥ ¥ ¥ F K ¢ E L I A N Y &8 H * H
R H TN I I I F NRUNULVF QT I H I 8 I
T »p v * L * L ¥ E T * 8§ N R * I F A L P
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11881

11941

12001

12061

12121

12181

12241

12301

12361

GAATGCAGGTGGAGCATTATCAARACTCCCATAAAACRATTTAAATTTTGACGAACCTTA
s VDV EY ¥ NOQUP* KT L NILV A QF
A * T W R T I T K L 8 N Q * I = F Q K S
K R G 6 R L ™ K S A I KNVPF K PF B8 § P I

TCCACCGCACGETCAATAACTTCAGAGGGTTTARGTTAGTTTTAACTGACTACACTITAC
L H R A L * @ L R G F E I L I 8 ¢ H § I
¥ T A H W NN F D G L NIL>* F Q S5 I HF
P PTG T I & TEW I * D P NV S T F H

ACGATTACAACAARACAATITAACAAATGTCGTARACGTACAACGAAGATTAAGATTCAR
H * H Q K T L N N V A N A& H L K * N * T

T § I N N Q * I T ¥ L M QMN S§ R I R L
AL T T KN F Q K CC K CT A ETILE L N

CACCOTCATAACATCACARAATCTATTACTTTATGATAGATGAAGTCTAAACTCACATCG
T A TN Y H K V Y HF VI * KL NS H L
Q P L I T TN * M I F Y * R S§ * I Q T ¥
H Y QLT KOCULSTI SSDUVESZ KTULTA

AMNAACTATTCGAACGAGTTAATAACTAARCAAAATAAGCGG TTAGGACGACGTCAACTATG
K Q Y A @ B I I 8 g K I R W D @ Q@ L. QY
§ XK I L K 8§ L * QNN *EGTIURSCHNI
K § L Sa * NN I TZKNSATLTGG AR ATS V

ATTCACAGAACGTICATATCTACTTCARTCGCTACTAATACAAGTTCTATCATGGCAAAR
* T D L ¥ L H L * R HNHUEL Y Y R K
§ L T K ¢C T Y I ¥ NA I I I NL I T G N
L B R & L I 8 8 T L 8 8§ * T * 8 L Vv T K

CGTCCGAAACGTTTCACTCAAACATTTATACCGATCARAACARCTTATACTTCAGCGTTT
A P KA P HT QL Y P * N Q Q I HL R L
g L 8 Q0 L T L K Y I H § T KN F I F D C

¢C A K ¢C L &8 N T F I AL X T S8 Y &8 T A F

CTTTTTARACCCACTACGATTTTITATCACCAAGACAATTAGTTGTTGTCTATTTTGTCAA
S F N P Q H * F ¥ HNQ * D VV § L Vv T
L ¥ I ¢ 8 I 8 F I T TR VN I L L L ¥ F L
F FP XK A & A L F L P E T L * C C I P C N

TCTTTTTCGTACATTATATCGATTCAGACRCATACTTGCACTATTTCGACATCGAGCCTT
L F L. M ¥ Y L * T Q T #H V H Y I, Q L E ¢
* ¥ F C T I Y & L R H I F T I F S Y § A

5 P AH L I AL DT VY 8 R &L A T AR L
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12421 TGAACTTGCATACCGTCTGGATCGTGAATGATTGTACATATTTCTCCCGAGCCTAATTACT 12480
v ¢ Vv Yy P L G L V **» T Y L P E § * H
F K F T H CV » ¢ K § V HI F L S P N I
$ 8 R I A &8 R A § V LM ¥ L 8 A R I L 8§

12481 ATTCTTCTCATTTCAACAAACGCGAAACGTCTGTTACGAAAAATCGTACCAAGCATTTAA 12540
¥ § 8 ¥ L ¢ K R KA 8 L A K *¥ C P E Y X
I L L T P N N G 8 @Q L C HEK K AHUSNTTF
L F L L T T E A K CV I 8 X L M TR L N

12541 CCTATTAGTCCGAAATTTAAGATAAGACCTATTACGACAATTTCCAACACATGGAARCTC 12600
P ¥ b P KL N * E P Y H Q ** L N HV X 8
Q I I L &8 * I RN @ X I 8 N F T T Y R Q
5 L * A K F E I R 8 L AT L P ¢ T G K L

12601 ACGATAAGGTCGTAACCGACGATTATGAAATTGATATCATTATGGTCTATTTGTTCARAR 12660
H * B L M P @ * ¥ K L * L L V L ¥ V L K
T 8 N W CQ § 8§ I 8 * &8 Y Y Y W I F L N
A I G A NA A L V XKV I T I G S L CTK

12661 ACTATTTCAACAACTATTACAAATACAATGTATACGACCATCACATACCGTATATGTCOTG 12720
Q ¥ L ¢ Q Y H X H * M HQ Y H I A Y V¥V 8
K I F N N I I N I N €¢C I 85 T T Y P M Y L
s L.TTSsL T *» TV Y APILTMHTCTICUV

12721 ACAAGTTCTACGACTACCATAATTATTTIGTCAATTGACTATAATCACAACTARGATTARC 12780
Q B L H Q H Y * ¥ V T L Q Y * H ¢ N * N
$§ ¥ L I 858 I T N I F L * 3§ I N T NI R I
T * $§ A 8 P I L L C NV S I L T 8§ E L O

12781 CGGAGARCANTAGTAACGCTTGTCCATATTACTTCAACGATTACGACARTACGTCTTATT 12840
A E Q * * g &§ ¢ T Y #H L G * H @ * A S ¥
P R K NDJNU RUY®P I I FUN S TI §NUHILTI
G R T I M AP L YL &TATULAT®TTITECT FL

12841 ACTCAACTACCCAGTATTTAATTTTITATCTTCARCAATTATCACCAACGACTATACTTAAC 12300
# T 85§ A BE Y I L F V L Q * Y HNOTY S N
I L. Q H R M PF * F Y L NNI T TR I HI
§ N I @ * L N F I €T T L L P E S8 I F Q

12501 ATTATAAGGRTIGAGTTACAATAATATTATTACCATCATCACCATCTTATCAAATACGACA 12960
¥ ¥ E *» E I N N Y Y H Y Y H Y ¥ L X H Q
¥ ¥ ¥ R § L T I I I I T T T T 8 ¥ N I 8
L I 6 v * H #» * L L P L L ¢ L I T * pn T
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12961 AGAATCACTACAACTACCAGAATTCATATGATTCTATTACTTTICYACTACCTTTARCACA 13020
E # H K Q H D * 7 ¥ * 5§ L 8 L HH F N H
N K T I N I T K L I 8 L Y H®H F I I 8 1 7T
R L 8§ T S8 P R L Y V L I I F 8 8 F F QT

13021  ACAAAATCTCGARCTAGGAGGAACATTTAARAGATATGTTCTACAATTCCCTGAATTTTA 13080
Q X L A Q D E K Y I K «* V L H *» p Vv = F
N N * L K I R R T F K R Y L I N L 8§ K F
T X § 3 8 68 6 ¢ L N E XX C S T L P &8 L X

13081 ATTCATAGAAATAAAATAATTTCCTACATTGTCAAATCCGATCTCCCACCCAACAACCATG 131490
* T D KN * *» L I Y C X L *» L T P @ Q Y
N L I K I X N P 8 T V 8§ * 8 8 P P N NT
L Y R * K I L P H LV KAWULUPHTT PV

13141 AAATAGARGTTGTTAATCTAACGCTCCGACCACAACGATCGACTCATACGTCGATTAAGAAG 13200
K I X L L * I A P Q H Q *¥ Q T H L * N K
¢ * R * ¢ N 8 Qg L &§ 7T N & 8 L I C 8 I R
K D E V I L N C A P TAVYV § Y A A L E E

13201 ATATGAARGTAATACACGTAARAGACATCTAGGATTCTTTTGAATAAATCTAATATATGT 13260
* ¥ K M I H M X Q L I * & F KN L N Y V
R ¥ K #» =~ T ¢ K R Y I R L ¥FF 8 I * 1 1 Y
I 8 E N HANETT S8 G L P V * K 58 * I C

13261 TGTTCCACCACATGGATATTAATTAACACAATTTTACCAGACACTAGTACGACCATGACC 13320
vV L H H v » L *» N H * F A R H D H @ ¥ Q
L L. T T Y R Y N I T NVF HE TIMSE T 8
¢ P P T ¢ I I L QT LI & Q & * a p Vv P

13321 ATACCGCTAATGATAATTTOGACTCCCATCATAATTIGETTCTARAGAATACCACCACGGAS 13380
Y P W * *» *x v Q P * *» * G L N K H E H R
T H G KN 8§ N P R L 8 8 NV L I RTITTG
i AaMV I L &6 8§ AV I L W &8 E * P P A E

13381 TCAAACATAAATAACGGCACGTGCACATCTCGTAGGTCTACATCTACCATATACATTTAL 13440
L X ¥ X ¥ 6 H vV B L A DL H L H Y I ¥ I
* N TR I AT C T YL MW I Y I TY TF
T Q I * g R A R T S C G 8 T 8§ P I H L N

13441 TGCACCATTTAAACATGTTCAGGGARACCCATATTITTCTAGGATAAGARBATACACAATTG 13500
v H Y I VvV L & K P Y L L D ¥ E K H T L
¥ 7T 7T F K Y L DR @ T Y F I RN K I B ~*
R P L N T C T G K P I ¥F 8§ G I R ¥ T NV
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13501 TGTACTACAAACAGITCAGACACCAAAAACCTCTCTACCGTCAACAAGGACACATCCARG 13560
V BHH K DL R HUHN K S L H ¢ N NRHULN
¢ ™M I NTDLDTTXP S5 I 2TTSGT YT
c &8 TQ * T QP X QL 8P L Q E QT DP E

13561 TTCACAGCGACAAGTTAGATTTCTAAATTTAAARAATTTGCCCAAGCCCCATGATCACAC 13820
L HR Q E 2 * L N L N KL RTU RUPVULT
* T D 8 N L R F ¥ * I K * VvV p E P Y * H
L T AT * DL 8 K P XK K F P N P T S T H

13621 TTACGGGCCGATCATGGGACACGATCACCAAATAGATCACTACAAGTTAATTCCOGTAAA 13680
F AR S TG QA L P X DV 8§ T * N L A N
S H& AL VR H * HN I * g H E I L P M
I 6P *Y G TS TT *R S I N L *= B C X

13681 CTGTAAACATTATGGITATCTCGACCATATCCAAATATAATATTTCACTTRACAACGGCA 13740
§ M Q L VL L AP I P XY * L TPF QR
R C K Y ¥ W Y L Q Y L NI NVYULSNUNG
v B TI GGI S ST VY T *¥ I I F HI T AT

13741  ARAGTCGCATATCTACTCGCTGCCATTATTTAACCTATTCAAGARACAACAGTITTCTTGA 13800
K *+ R I 8 8 8 P L L N $ L NJXTTIL ULV
N E A YL HRRY Y I P Y TROQUGQT®™*X P P
XK L T Y I ¥ v T I ¥ @ ¥ L BE K N D F & 8

13801 TTAAATCTTCAAATATTATTTCTCTTTTCGAATAATACTCAACTCATTTTCAACACCACAA 13860
LK s T L L 8 # VvV * * 38 NV L L Q P T
* N L L K ¥ Y L 8 F K N HT & * F N H H
I ¥ NI T F L F S8 I I L Q 8 F T T TN

13861 CACCGACTTCTACTAAAGAAATGTAAACTATAACTACCATCAGCGCACCOTETATATCAR 13820
T A § ¢C &8 K KV N S I § P L RTOGTOCTIT
Q F Q VH NR * M QY QHY DD RAV YL
H 8 FM I E K CIKINTITTAU HUWMYN

13321 GCATCCTTAGAAACTTTCATATGATACAATCTAGAARCGATACGTAACGCAGTARANCTA 13980
R 'L P REVF Y V I NSRUGEQ®™*ANZ R * K S
E Y 8§ D K L T ¥ * T L D K S HMATDUN QO
T P ¥ K * L I 8 H * I KA I € Q T MZK I

13981 GCATTACTAACAAGTTATAACACACTTTAAGAAACACTCATACGACTAACATTTCTTAGG 14040
R L. 8 ¢ B ¥ N H 8 I R @ 8 Y A S O L 8 D
b Y H N ¥ L I T H F E K HTH QN Y L I
T I T T * vy Q T F N K T L I &8 I T F F @G
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14041

14101

14161

14221

14281

14341

14401

14461

14521

ATGAAAAGATICTTTCTAACCATACTAAAACAACTTTTAGGACTATRATAATTATATATA
* K EL F 8 Q ¥ 8 KT S8 F 6 8 1 1T L I Y
R 8 K * 8 L N T H N QQQ F D Q Y +» + Y T
v K R L P I P I I X N F I R I N N I ¥ I

TTTTTTAATCCGGGATRAAAATTATCTCGARATGARTTATGACAGTAARAACGTCTGTGG
L F ¥ P G I X L L A K SL VT MIEK A S8 vV
Y F I L 6 * K * ¥ L KV * ¥ ¢ * K Q L C
F F * A R N K I 8 & * K I 8 DN K C V @G

AATCAACTTCATCCAAATCAACCACAARATTGARRTCTATTGGTTCTARACATACCAGTT
XK T § T™ P KT P T K V K S L W 8 K ¥ p =*
R L ¢ L L N L Q H K L K 5L Y G L N T H D
* N F Y T * N TN * g ¢« I VL I ¢ I T L

ACCATACTAAAACCACTAARATATGTTTGTCGGGCTCCCARACCACACCETCAACGTCTA
H ¥ 8 K P § K I €V A G P NPT A T A S
I T H ¥ Q H N * V F L G L T QQ H P L Q L

P I I K T I K Y L C 6 WP KTHUCUCNTCI

AGAATGATRAGRATATACTACGGATACARCTGATACACAGTACATAATCTARCACTTAAT
E * « B * I I G I N V I H * ® N 8 @ 8 N
N K 8§ ¥ K Y 8 A * T s * TDH I L N H I
R V I R I H HRHOQ S ET MUY * 1 T F *

ARACAATTACTATCAATATCTGTTAAGCTAGAACATGTCATACTAAAATGACTAATGTTC
N T L 8 L * L ¢ N S RT C Y S8 KV 8 * L

I ¢ * HY N Y V I EDQV THNDN~™* QN C
XK ¥ I I T 1I s L E I X YL I I X S8 I V L

AATCTCAACAAATTATTCATAARATTCATAACCCCATACTTCATAGTAGGATTATGACAL
N 8 N N L L Y K L ¥ @Q P I F Y * G L V T
T L. T T * Y TN * T NP Y & TODD * Y O

* L g K I L I XK L I P TH L I MR I 8 H

CTAACACTATTRCTATCCACATARTAAGTAACACGATTAARATTATATGATARRTCATAC
5 ¢ 8 L 8 L H £ I * Q A L K L I 8 N L I
P ¥ H Y HY T Y *» ENH*N ¥ Y V I * Y
I T 1 ¥ I P TN NMTS I K I VY * K T H

CAAAATGGATTATGAACRARACCAGGGGAACAATCTGTTTARAAACATCTACCACATEGC
T X & L V QK PG RTLCIXTS PTG

P XV * Y K N QDG Q * V F K QL HH V
N *» R I 8 T K T G K N § L N K Y I T Y R
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14581

14641

14701

14761

14821

14881

14941

15001

15061

AAACARCAAAGATAACCAATGGTAATGTTTCTCAATCCACATCAATACTTGAATCTACAA
N T TETI p * W *# L 8§ N P T T I F K 8 T
T @ Q K * N & N C L T LW H L * 8§ 8 L H

K N N R N T VMYV F L * T ¥ N H YV * I N

CTGTGTGTGGCARTAGCAAACAGRGRATTTCTAAATGARGARATACGTCGTCTAGGACGA

8§ VR * RKDURUL 8 K S5 PR * a2 56 A

Q ¢ v 66 NDNTE* L NV E KHILUL D Q
v ¢ v T I T QQURKF I ¥ K K I CC I R 8

TACGTGCAACGTAGACGATCACGAGACGAACTARATGCTTGAACAACARAATCACATCGA
I ¢TADAMULM ARSE S5 KRV QO Q K L T A
* A R Qg M Q * HEAQWNUVPF KNN * HL
H VvV N CR 8 T § Q XK I * 8§ 8 T T XK T Y 8

CGGTAATGTTCACCATATTITAAAGTTTIGACATITTGGTCCATTGAAATTGGTTCTEAAA
A M V L P I F N * V T F G P L K L W 8§ K
Q W * L, B ¥ L I B F Q L V L ¥ 8 * G L 8§

G N C T T ¥ F X L 8§ Y F W T V K V L V K

ATGCTCAARCAATTTTCATTTCCGAACAAATTTCTCCCATCATGTCAACTAAACTTTGTA
*# § N T L L L P X N L S8 P L V T S8 X F C

K R TQ * F Y L S T * L P Y Y L Q N 8V
vV L KN F T F A Q XK F L T T CCUN I Q F M

AAAAAGAAATGAGTTCTACCATTACGACGTTAATGACTAATATTAATAATATTCATATTA
K XK Xx v *» 8 P L. AA I V S§ * L *» » L ¥ L
N K R * E L H Y HQ L * QN VY N NY T Y
XK B K & L 1 T 1 8 ¢ N $§ 1 1 1 I ¥ L I I

ADLTGGATGATACCAACTATAATTCGTCAATAACAAACATAATCTTCAACAAATATTTATA
K 6 v 1T T 8 I L, ¢ N NNTWNZSESTT * L, Y

N Vv * * p g Y * A T I T QT L L Q K Y I
*# R 8 H N I N L L * Q K Y * F N N I F I

AAACTTTARATACTACCACCAACATATCGTCGTAGTGTTCAATAACRATTATTAATACTA
K 8 1 » 8 P P Q I G A D CTTITDL L * §

N Q F K HHHNY VL MUY L * Qg * Y N H
X P NI I T TT VY W C * L N NNI I I I

TTTTCACGACCAATAGGTARATTATTTARACCATTTCGGTCTGARATAATACTCCGTAAT
L L AP *¥ G N L L N P L AL 8 * * 5 A N

Y FPH QN DM * Y I QY L WV KDNUHUPM
F T 8 T I WK I F K T F G S K I I L C +*
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15121 ACGTAAACTCCTTGTCTTACTTTAAATACGCTATATCATTTCCATTACAAGACGGCTGEAAT 15180
0N § 8 CF 5 I * A Y VL RULTURGV K
I M g P V S8 H P K HE M Y ¥ VvV ¥ H E A W R
* K L F L, T F N I C I 8 F T I N Q G G *

15181 TCAGTTTACTTAAATTTTATACGATAGTCACCATTCTTATCTCGAGCCTGACATCGTCCA 15240
v «# I F K F Y A I L AL F L ARV T A P
L E F § N L I H * * H * g8 Y L EC Q L L
&€ L I * Ff I § DT S LI 8 &8 a8 7Y CT

15241 CAAAGATAAGAATCATGATACTGTCCGGCTTACAAGGTAGTTTTTACAAACTTCTCATAT 15300
T B I R L V. I VvV P R I N W * F H K F L I
H K *» g * ¥ * § L G F T GGD F I N § 8§ ¥
N R N KT & H C A § H E ¥ L P 7T 4 L T Y

15301 CGTCGATGGGCTCCACAAGGACAACAATATCCTTGGTGATTTAARATACCACCAACCCOTG 15360
A AV R P T G T T I PV V L N * P p O 8
L L * 66 L #R EQ Q * L F W * I K H HN P
C 8§ G 8§ T ¥ RNNUY S G S P K I TTUZPUVY

15361 CTATACAATGCAGTAGAATATTTCCTACAACTGTTGGGACAAGAATACCCAACCCTANTA 15420
8§ I N R ¢# R I F 8T 8§ L G T R I P @ 8§ ¥
R Y TV DD > L P HQ CGQUE * P N P N
I H * T M K Y L I NV VRN KHTT P I I

15421 GGATTTACACTAGCACGATACGGTTTATAAAACGCATAACAATCATCARATCARAALCGG 15480
G L H 8 R A I G F I KR I T L L X T K A
D * I H P H * A L Y K A Y Qg * ¥ N L K P
R P T I T 8 H W I N Q TNN T T * N Q G

15481 GCGTTTGTACTTAAARCAACAAGTGTRCCACTATCTARAATAGCGGRACGCTTACTTACA 15540
R L ¢ 8 NQ Q EC P § L N * R RAUVF 8§ H
G ¢ vV H I K ¥ N v HH ¥ I KD G Q 8 H I
A °F M P KT T *«*« M T TI 8 K I A KU RTIUPFPT

15841 CGAGTTCAAAARCTCACTTTATCAATACACACCGCCAACGATAATACAATTCGGACCACCA 15600
A * T K L 8 I T I H p» P @ * *» T L G P P
H E L K 8 H F L * T H R N & N H * A Q H
§ L N QT F YNHTATATIIDNILRTITT

156061 TGATCGTCACCACTACGTTGATCGACGABRMACGATTAAGACAAAAATTATATACAGTCOGA 15660
vV L P 8 AV VvV A KA LETIEK L I H * B
Y *» C H HH L » Q K Q » N Q K * Y I D P
& A T T I C 8 8 8 K 8 I R N X ¥ Y T L 8

FIG. 3 CONT’D



U.S. Patent Jan. 10,2012 Sheet87 of 119 US 8,092,994 B2

15661 CAATGACCATTACAAACAAGAGAATACCGGACATTACCGGTATTCTAACTTCTAAMATTCA 15720
T VA LT QERTIATOGTEL®P?PWILI S$ § K L
©Q * Q * H K N E * P R Y HG Y 8§ Q L N L
¥ S § T N TR KHG T TITAMTILNTPF I * T

15721 TATGCGTTAAATGTTTTTCCEAATATGAGATTACAAATAGCATCTCTAATACAACTAATA 15780
I R L K ¢CF R KUY EBE LT * RV 8 * T 8§ *
Y v ¢ NV F VYV g8 I 8§ * H XD Y L N HQN
Y A I * L F A * ¥ R I N I T C I I ¥ I 1

15781 TGTRAACAATTACTCATAATACTTAAAAATACATTCCTAAAATCATACTACTARAACTCOA 15840
vV NT L & ¥ * § N K HUL CX L I I I KL
Y M ¢ * H T N H I K I ¥ A N * ¥ 8§ 8§ K &
¢ K ¥N ¥ L I I P K~ T L M KTHHNGQT

15841 CTACTACCACAACAGACAATATTGAGACTAATACGATCATTCCCAATATATCCATTATAT 15500
s 8§ P TTQ * L BE S *¥ A L L P *» I A L I
H HH HQ RNY 8 O NH * Y P N Y L *+ Y
r I T NDTIVRIISTLTI Y S I VY

15901 TCACAARAAGTIGTTCAAAACATGATAGTCTITATTACAGARATACAGACTTAGATTTACA 15960
L T K ¢« ¢ T K Y * * F L T K I D s D L H
L R K BE V L X T 8 D 8 YHBR * T Q I * I
T N K L L N g V I L I I DI KU HRT FRFT

15961 ACCCAACTTITACTATAATGATTACCAGGAGTACTTARAACAAGGGTTGTATGATACAAT 16020
Q T & ¥ &8I VL P G * 8 N Q E WCV I N
N P Q F H Y * * H D EH I K N G V Y *~ T
P N F I I N 8 I ™ R M F KT G L M 8§ H *

16021 CRATTCTATCTACCACTAATACAAATARATGGTATAGGTCTAGGAAGATCTTARAATCCT 16080
T L I 8 P 8§ * T * K G Y G 8 G E L I K P
L * 8 L H H N HKNV MD LD K * F K L
N L Y I T I I N I * W I W I R R 8§ N * 8§

16081 CGACCAACAAARCARCTACTAAATARCTTCTGACTGTCACAAGRAAACTATCTCGCGAAR 16140
A P Q KT &8 § KN F V 8 L TRIK I 8 R K
L Q N N Q Q H ¥ I 8 8 ¢ H E K & L A 8
§ T T K N I I * @ L 8 V 7T NIKX Q ¥ L A K

16141 CATTCAGRTCGATATCTACGRATGGCGARATCATGTAGTACTTTTACTTCTTATGGTTTTT 16200
T L R A I 8 A * @ K T C * 8§ F 8§ 8 ¥ W F
g L P L * L H X G K L vV DHF HL I ¢ F
Yy T~ § Y I 8 VR ¥ Y MM F I F F VL F
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16202

16261

16321

16381

16441

16501

16561

16621

16681

CAGARAGCACATATAARTCTTATATATI T T ICACATAT TACTAGAACCATCAGTCTAG
T K R T Y K 8 ¥ I F F 5 Y L 8 R P V * I
L R E H I N L I ¥ L ¥ V T Y HUD Q ¥ B 8

D KT Y I x F I Y F F QI I I X TS L D

AATCTATCAATATCACAATAARATTCATGAACACTACCARATTTCARATGACTTCTTAGT
K § L *» L T I X L v ¢ & p»p K F ¥ V g8 & 0p

R L ¥ N ¥ H *~ KL ¥ K H KEN LT * Q L I
* I T I T NN ®* T &§ T I T * L K S F F *

AAAATGTTCTTATACATAAATTTTTCACGGCACTACGTCTCACATCCACGTACGCAACAA
N *» L F I ¥ K P L a7 1 ¢ L ™ P A KR T T
M K ¢C 8 ¥ TN NILF HR S8 A § H L H MR Q
K VvV L I H I * P T G H H L T Y T C A NN

ACAAGTAGTGTTTGAAGAAACGCAACACCGTCAARCATATGCATTCGCAAACAATACAACA
¢ E D ¢V E KR QP L QI R L G KNH Q
K N MV F K K AN HCNUYV Y A KT I N
T ¥ * L8 R QT T A T T Y TL ROQ * T T

TTTACAACAATACTGGTACARTACCGTTGATTAGTATTTATACAAAACTCACAGAGTGGA
L H ¢ » 8 W T I A V L * L Y T KL T E G
Y I N N H G H * B L * D Y I H X 5§ HE R V
F © T I VvV M ¥ H C 8§ I M PF I N Q T D * R

ATGCAAACATTACETGEATTGACACTACACTCACTACAGTGGTTTAATATAAACCCGCCA
* T L & 6 L Q § T L 8 TV L N Y K P P

K R K YRV ~ § HHE S HH* W I I N P R
v ¥ T 1 ¢ R VTIHBTIDGU EF *x I QAT

TACAGAATGATAACACTTTIGCTATTTGGCGCTAATAAGTAAATTCAATCAATACTTACCA
I D * *« QQ § F W L G W * ENLUNTIUFP P
Y T XK 8 N B F G Y V GG N NM®X*X T L * 5§ H
H R YV I T F VWM F GGMI» KL *» N H I T

TACCAGARACCAAACATATTTCTTAGAACGTGCCCAAGTGGAATATATCTACTARAATTA
I T X P K ¥ L ¢ D QV P EG * I § 85 K L
¥ P R Q N T Y VI KGCPNUV XK Y L HRN *
H D KT QQ I F L R AR T * R I Y I I K I

TTCTATCGATCAACATTTACCTGTCTTCAACTACTAATACAAGACCCTTTACTCACATAA
L I A L Q L BV 8 T 5 8§ * T™ R A F 8 H I
¥y 8§ L *» N Y I 8 L L Q H N HE P L K T ¥
L Yy s T T°TUVF§F PCVF¥F NI I I B CI L TN
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16741 CTTGCAARTTTCAATAARACGACGTCTTTGAGTTTTCCGTTGACTTCTCCGARAATTTIGTT 16800
S R K P N N A A 8 V * P A V § 8 A K L ¢
¢ VvV N L P I QC L F E F P L Q L P K *» V
F T *» L *» K 8 ¢ F § L L ¢ 8 F L 8 K F L

16801 TCGATACGAAGACGATGGTAAGTTCTCTAACAATCACTATCTCTTCAATAMAACACAACC 16860
L * A E AV M *$5 I T L 8 L $ T I KH Q
F 8 H K Q * W EIL & Q *~ H Y L L * K T N
A I § R § ¢ N L L N N T I S8 F NN QO T P

16861  CTCTETCCATITCAATTTCETEGTCAATTATTTTTAATACARAAGTCTCCGATCETAARN 16920
s v P L T L GG S L L F 7T K V p * W K
P 5 L ¥ L * VvV VvV vV * ¥ F N H K * L § G N
Lt ¢ PN F W WX I F¥F I I NEBEC A VYV MK

16921 TGATCATGACCATTCTGTCAARATCCACTCATACAAAAACTATTTTCACTTAATTGATTG 16380
vV L v P L VT X P § Y T X S L L 8 N V L
* *x ¥ Q Y $ L K L H T H X ¢ Y F H I L *
§ T S8 TL CN T L I NKTIFPFTPF *» 8V

16981 CCACACATAATGGCGCGATGTTGATGAATATTTGAAAGATATCCACTACAAAAACRAAAAT 17040
P T Y * R A V V VvV * L §8 E I P 8§ T K T K
R H T N G R * L * K Y VvV K » L H K K @ K
T H I v A § C § 8§ I # K R Y T I N K N *

17041  CTCTAGTGTAAGACATCGATCAAATTCACCTGCATETGAACAGEETGTTCTCTTIGATACGA 17100
v D ¢ T AL KL AGV S TG C 8 F * A
L M V N § L *# N L HV « V g G V L 8§ 8 H
¢ * M R Y 858 T * T C R CKDWIL L V I 8

17101  TCATATTCTAAAAGATCACAAATATCACAAGGTAACCACARAGTTITATTACAACGATTA 17160
L I L ¥ E L T * L T G N THN * P L T 2 L
* ¥ L I K * H K Y K E M P T E P Y H Q *
T ¥ 8 K R T N I T N W Q H K L I I N S I

17161 ATAGTCGTGTAACCTITACTTTGCAATAACGTGACARAGTTCCAGGGGCACCATGCCCTTTC 17220
* * ¢ M P I FR * Q V T * p @G G P V P F
N D A C Q F 8 V N NCOQEULDTGUGQY P F
¥ L v &8 H F T I A S N L T G R T R 8§ L

17221 AGAGTAGAACCGATATCCAGATCGACAAATAATGATGTGTCGTCCACATCAAATATGACCA 17280
D * R AT P R A T ¥ * *= Y pn R T T * V A
T E D Q * L DL Q KN S§ CL V HUL K Y O
R M K 8 ¥ T *» § N I VvV V ¢C C T ¥ NI 8 8
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17281

17341

17401

17461

17521

17581

17641

17701

17761

CGATCAGTACGACGACATCTACGTAACACACTTTTTCGAATATTCARAAATTTATAATTG
A L * A AT S AN H S F A * L N K F I L
 * b E Q@ ¢ L H M THB P L K Y T K L Y *
S T™Mm 5 5 Y I ¢C QT ¥ F 8 I L K = I NV

CTAACATGTGCATAARTAAGGARCGATTTCARGCACATCTAACAATACTATTCAARTTITTAA
s ¢ v R I I G A L TRUTSsQ* S5 L N L I
R N Y VY *# BE Q * L E H ENWNUHY T * F
I T ¢ TN NRSE& F N T Y T I I L K F N

TTACTATGGTGAACATTCATACARAAATGGTGTTATTTACGTAATGCTCTCAACCAATGT
L 8§ VvV g L ¥ T K V V I F A NG S8 8N T V
* H ¥ W X ¥ T H K * W L L H M V L T p *
I I ¢ § T L ¥ ¥ K ¢ ¢ Y 1 ¢ *» W L QQ N C

CTATAACAACAACAACTACTTCAATCATACCAATGATTAATACTTAACAGACAATATTTA
s 1T Ty{Y TS S TL I S8 WV L *¥ 8 NDTTIF

L Y ¢ ¢ 0 ¢ H L ~ Y A +* + N H I T ¢ * L
I N N NN I F N THIKS S I I F QRNUYI

CGAGCATAATTTCGATTTGTAATACATATATAACCTCTAGGACGAGT TAATGGACGTGET
A R I £ A L C *» T Y I P 8 G A * N G A G

H E Y *» L * vV N H I Y QL D Q E I V Q V
8 T N F 8 F M I ¥ I N S8 I R S L * R C W

GCACACGACARCTCCTTCCCAAGAAATCTTCGATCCCTGAAGTTARGATAATGATITTAT
R T $ ¥ L L P E K § ¢ L ¢ K L B I VvV L I

vV H A T S$ CPQNK LV * A 5§ * N * * % F
T H ¢ §Q A L T R * F R P V E I R N 8 F Y

TACACAACAAATCCAGGACTATAGAAAAACCCTTTAACAATATCCACAGGATTTCTTTAA
I H @ K P ¢ 8 I K X P F Q * L H G L 8 I

L T N N L D QY R KPP NNUY TD * L F
H T v~ T R I D K @ &I T©T™1I P TR VF F N

CATCTTTGACRAAGTCGTAACCAAATACTATTATTTGAGTTCCGATTTTTACTATTIATCA
T &8 vT E A N T * § L L S8 L A L F S§ L L

g L F @ K L M P K H Y Y V « P * P H Y Y
¥y F § N * ¢ Q NI I I F E L § F I 1 I T

AGTAATACAAAATTTCATATARRATTCCCTGTCTETTGTGTACTCTCAAGT TCACGACAT
E N H K L T Y XK L P C V V C 8 L E L AT
N M I N * L I N * P ¥V 5§ L V H S N L H @
* x T K F Y I K L &§ L ¢ C ML T * T § ¥
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17821

17881

17941

18001

18061

18121

18181

18241

18301

TTATAAGTTGTCTATATAGATTAATCATTTARAAATTTTCGATTAGGTCAAACCTTATCA
F I * ¢ I YR I LLDNXI KPP A L G T OQOQVF L
L Y §E v 8 I P L * Y I KL L * D L K 8§ Y
I N L L Y I * N T P K * F S I W UHNUPTIT

CGACAARAATARTCAGGAATATTATCAGTCTTAATACAACGATTCGCACAAMATCCACAR
AT K I L G * L L * F * T A L R T K P T
H Q K * *» np K Y Y D 8 N H @ ¥ A H K L H

$ N K N TR I I T L I I N S L TN=* TR

GTTTGTGTTTGACATCTAAGACGAGTTCCAAGCCTTATACTAATACAATATATAAGTGTT
* VvV C VT S E A * P E 8 Y 8 ~ 7 I Y E C
E F VvV F Q L N Q EL N P I HNUH * I NV
L ¢L 8 Y IR SULTRUPFI I I HNUY I * L

TETCETCTTTGTCGGGTARGACAATTACAATTAGC TARAT TACAACGGTATTGATCTCGE

VA SV A WETTULTULRDNILTAMTY L A

F L L F L 6 N Q * H * D I * H Q W L » I
¢ ¢ F C G MM R NI NI 8 K I NG Y S 8 G

TTCTTCCOGTAMAAAACACAATACTCATTATACGT TAATAAACTTAGAGAATTAAAATAA
L F P MK TTI L LI CNDNSDRILIEKTI
W 8 P C XK XK H * 8§ Y Y A I I @ I B * N *
L . A N KXKTUNUHTTIHIL * K F RIKTIZX N

TGAGATGGAAATCTATTITRAGTTTTAGT TTGARATGGEAGCARACGTAACGTGTTGATTA
V R G K 8§ L I * F * VvV K & R K C ¢ VvV V L
*BE V X L Y F B FDVF XK V ENAUNTC L #

S * R * I F N L I L 8 * R T ¢ M A C 8§ I

GRABAATTTCTAACATCATTTTCAACCAATCCAATAGTAGETCCCOTACGGEOCAGTAAR
R K L 8 Q L L L Q K P * * 6 A CA G E N

D K + L N Y ¥ ¥ N 8§ L ¥ D P L A H G R M
K K F I T  F TA * T I M WRMGG = K

ARTCCTCAACTACTATTTATATTCCAATTACTT TTAAACCGACAT Y TAAATTTATRAARCA
K AT S8 8§ L ¥ L T L S F KA TV F KVF I ©

K L L @ H Y I ¥Y¥P * HF NP Q L N L Y K
* N I ' FP I L NI F I @Q S Y I * I N T

CTTGGACAAAATTGTATARGAGCAAATTATAGACAATACCCARRATTTAATCTAARCTGA
$ ¢ T KV Y ER X I DRI PIKILUNGSEZXK V
H VY Q K LM ¥NEHN L I E»*» P N * I L N 8
F R N *» C I R T * ¥ R KH T KF * I Q §
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183681 GAACTACCAATAAGATTTAACARATAATGATTTCTACTTCGGTAATTIGCACAATCTCCA 18420
R &§ P * EL NN I VL S5 8§ A ML RT L P
E Q H N N * I T *  *x I, H L W * V H * [
K I T I R F Q XK N & F I F G KR F T N S T

18421 ACCCAACCARAACTACAACTCCCGCGAGTACGATGAGCGCTTTTGTAACCTIGTTTGARA 18480
g T P K &§ T S P A * A VR S8 F M PV P K
N P Q N Q HQ P RBEH * E R F CQ F L $
P N T K I NL A 8§ M 8 8§ A F VN 8 C V K

18481 GGTGACGTTTATCCAAAAAGTTGACCACACCTAAAACATCAACTTCGATGACCGAATARAA 18540
G § C I P K 8V PTS KT T S AV P KN
E VvV A F L N KL QH P N QL Q L * Q 858 I
W Q L Y T K * 8 T H £ K Y N F S8 § A * K

18541 CGACTCTCTCTAACAATATGARBATTTTITTGACATCGATTTCGAGGAGGACCACTTTTT 18600
A 8§ L 8 Q * V ¥ L FVTAULHABAGG GT?E S ¥
Q @ § L NN Y K * P F QL * L ETEQH F
$ L 81 TTISKVFFSYS F S8 RRTTF F

18601 AAATTTGTAAATTATGGGGAATACAGTTTTCCAGTTITCACCCTATARCAATCTTAATCT 18660
N L C K I ¢GRI DPF® P * ¥ HS I T L I L
I *» vV RN LV G* TL L D F T P Y Q * F *
K P M *» ¥ ¢ KK *» P T L L P I NDNGS N 8

18661 TAACAAGTTTACAATAGACTAATAGAAAATCTIGGAAAGACTATCACATCATAAATAATGA 18720
I T * I N D § *»* R K 8 R E S L T T N I V
F @ E F T I Q N D KL G K Q ¥ H L [ *» =
N N L H * R I I K * V K R I T ¥ Y K N S

18721  ACCAGACGGTCAAAACTTCAATGRACAAATTCCATAMAACGATTTAATCCETCTCTCGAA 18780
Q b A L K 8 8§ VvV Q KL Y KAULWNUZPUL S 8
¥ T Q W N Q V » K N L T N @ * I L ¢ L A
P R G T K ?P K 8 T * P I K 8 F » A 58 L K

18781 TTAACATTACACACAAGATTAGCACGATGTACGATGTTAAGATCTTCACCAATAATACTA 18840
L Q L T H E L R A V H * L E L VvV p * * p
* N Y H T N * D H * M S CN * P Q N N H
I T I #H# T R I T 8 C A VvV I R S8 8 T I I T

18841 ACAACCGUCGGTATCAATATGAACACTARTACACATATTAGGTGAATAACATCTATATGTIT 18300
Q R W L * VvV Q 8§ * T Y L 6 8§ I 7T 8 1 ¢
N N A G Y N Y K HNUHTYDV * Q L Y V
T P A M T I 8§ TI I HITI W KNDNUY I Y L
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18901

18561

18021

19081

18141

19201

18261

18321

18381

GTCACCCCAATATGTCCAAGARATTGATCATTAGTGCTATATTAAACATTACATGTATTT
¢cC ¥ p * vV P E K V L L * 8§ I I @Q L T C L
v T PN Y L N KL *Y¥Y D RY L K Y B V Y
L P T X ¢C TR *» 8 T I V I ¥YNT I Y M F

CCACGTGTACAACGCAGTCGACTACGTTAATACTGAGCAACAAATCCTTAGATACTAACA
P A CT A AD A S A I I VR QEKATI=* S Q

L H vV H @ T L g H L » S5 E N N L L R H N
T ¢ M NUR * $§ I CNHSES&T T * CDI I T

AAAACATTTAGACAATTAACCTTAAATCTCATAGCTTATTARAAGATTACTCCAGTCATAT
XK ¢ .. p T L g P XK S5 Y G I I EL 8 T L I
N K ¥ I @ * N S N LT D L L K * H P * Y
K T F R N I P I *# L I W Y N R I L D TY

TTATGTAGAACATCCAATAACGTCGCACAGTACGAATTTCGACGCGTACGATACATTATCT
F v b g L N ¥ CRTM S5 L A A M S H L L
L ¥y M K ¥ T I A A H *» A * L. Q W A I ¥ ¥
I ¢ R TP * Q L T DHIKVPF S8 G H * T I 8

ATGTTGAATACAATACTGTATCCGTTAGGATTICCARATCGAACACAGTTTCTAATACTT
Y L K H » § M P L 6L P B A O TTIL & *» 8
I ¢ 8§ I ¥ ¥ ¢ L CD * L N L KH *» L N H
v v = 2 I VYATIS®RET®* S TDFTIIF

AAATTTAAAATACTACCRARAGGACATCGETTCAGACRATTICTCARTAAAATACAGATA

N L ¥ * 8 A K G T A LD T L CDNDN * T *

I * I K HE K EBE Q L W T Q * VvV T I K H R
K P ¥ I I 8 K R ¥ 6L RN F L *» K I D I

CTACACGTATTTCTATTARAATTTCTACCAAATACATACAARACCTTARCATTACAACTA
s T ¢ L 8§ L K L 8 P XK HINOQVFQUL T 8
H H A Y L ¥ K * L H N I Y T K S N Y H Q
I #H M ¥ I I K F I T * T HIE K P I T I N I

TTTATAGCTAGATTAAGTTAACAAACATCTAAACTGTGAGCTCACAATTTATTTAATTIC
L. ¥ ¢ b L E I T @ L NS VRTNUPF L NF
Yy I DM * NN L Q K Y I @ CE L T L Y I L
F I W R I »* N NT S K V § & H * I F * V¥

GAAGGACCTACATTACCACCATCARACATACAARTTATTTGTACGTAAGGTATGATTAGGA

R 6 P H L P P L K ¥ T L L C A N WV L G

¢ BE Q £ Y H HE Y N T H * Y V HMG Y = D
K R S T 1 T™TT QI NTIT FMCEWMS IR
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19441

19501

19561

19621

19681

18741

13801

19863

19921

ARRTGATCTTGACAARAACTITTAGAATTCGGATACGGAARAAAGATAATAAGTCTATGC
K VvV L VvV T K 8 F R L I 66 KZ K * x B g V
XK * * F Q K Q ¥ P A * A K K RDNWN L Y
X 8 8 § N K F I KL R HRI KETZITI * I R

GGAACACACATGCATCTACCAAATCTTAGATTTGTTCRACTAATGCAAGGAAATTCTTCG
G Q T Y T S8 P XK D L C T 8 *» T ¢ K L L

A XK B TR DL HN L I ¢ V L Q N R E K L F
R T H VvV ¥ I T ~ F R F L N I V N R * 8 A

CGGTGAACATAGTGTGCCACATTAGATCCACCTCGACAAACAAGTTTCGTACGACTTCTT
AV Q I VRHLURUPZPATOQEUFPFUCMA S8 8
R W K Y *» vV 7T Y D L HL Q KDNILAZHROQL

G 8 T D CP T I * T §§ S NT * L M S F F

ATAACATTGATGGAACTCAGAATATTATATCAATCATCTCETCCOAARTGARMARCCCAA
Y @ L * R S D * L I TV V a P KV KOGQT
I N Y S8 G @ T XK Y ¥ L * * L L §8 * K K P
I T VvV KL R I I Y NS CC A Z K S K P N

ATATTCTTARAACTAAAAATATTAAATACCTTGTGAARATGATGCAATGTCTCRAATCTT
* L F K 8 K * I, K H F V K V V N C L K 8
XK ¥ 8Ss N Q N K Y NI S CK * *» T V 8 N L
I L I K I K rI1 +*~ p %V 8 K S8 R *» L T *+# F

TTCCATTATATATTGAACCAATTACAACCAGTAATACTACCTGCATGYCCACTTAATGGR
F T I ¥ L X T L T p * * § P R V P 8§ N @
F R L X ¥Y 8 P * H Q D NBHHV Y L H IV
vV Y ¥ I vV QNI NTM I I S TCTF * R

ACACGATARATACTTACTGTTITCAACAACAATTCTAATTATTACATCTATGACARTAARRRD
g A I ¥ F S L TTTLIL LTS V T I X

K H *» * 8 H L @ Q * 8 * Y H L Y @ * K
T 8§ N H I V F N N N L NI I ¥ X S8 NN K

TITTTATTATGTAGTARAGGATGATTATATCGACAACTTARCAAATGTTTTGCATCATAG
L F L, VD NG V L I A T S NNV F R L I
« P Y Y MME * * ¥ L £ Qg I T * L VvV ¥ Y
F I I ¢ * KR S I ¥ 8 N F Q K CF T T D

GCCGTGETGGEACTTGAATTCTARGAATCTTTARACTTCTAACTATARACRACCTTCGTA
R C W G 8§ 8 L I R L F K F M S8 I @ @Q F C
G A G G Q VvV * g E « F N 8 C Q Y K N § A

PV V R F K L N KX 8§ I Q V N I N T P L M
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13981 CAGGACACCCTARATACAATTTCTATCAAACARAACATCAAGGTGAATACCACARACATIT 20040
T R H & * T L § L XK N Q L EBE V * p T Q0 L
H G T ¢ N H * L ¥ N T K Y N W X EBE H K Y
D Qg P I I N FF I T Q KTT G 8 I T NTF

20041  ATGTGTCTAAACTTCAAGTAGCTTTTAAACTTATATCAARAACTACCAGCACTGTGACCG 20160
Yy v 8 K F N M 58 F K ¥ I 8 K & P R 5 V P
I ¢ L ¥ 858 T ** R F N S Y V K Q H D H C ©
v ¢ I Q L E D F I QI ¥ K X 1 T T V 8§ A

20101 COAAATCTTCGAAAATCTTTTCCTTCTTTACCACAAAAATAATCATGACTTTITAATTCA 20160
A K $S A K L F AL FPTI KIULV § F N L
R X L L X * ¥ L L. P HH K * *» Y @ F I L
$ * F 8§ K & FC S I TNI KWUNX¥TS8S8UPFPF =T

20161 TCCAATAGTTACTAATTTCCAGGCGTTGCTCGACTAAATTTACCACACTAACACCTATTT 20220
L N P I I L P G CR A S K F P T I T & L
Yy T I L 8 * L b AV L QN L H H S ¢ P Y
P *» * H N F T R L 8§ 8 I * I T HNH I F

20221 CARCCTCTTGAGTTTCAACTCARAACCAAGCGATACTCTTTTCTACCACTGCTACAATAG 20280
T P S8 S L T S N QNAI LF S P S8 B8 T I
L @ L v * L ¢ T K T R * 8 F L H H R H *
N § F E F N L. X P E &8 H S F I T V I N D

20281 AAGTCGGCTTGICTGTCGCATACCGAGTTCGCCTAATGACCTCGGGTCTTCCATTAGATCCA 20340
K L R VvV § L R HEL W+ ¢ L & C ¢ L R P
R * 6 F L € G I S L NS S GV L Y P L
E A 8 C VvV A *» 3 * A MV P A WIL TTI * 7T

20341  CCATTAACGCGCCCATTACAGTAACCATTACTACGAGATTGTGCAAAATGATAGRAATCA 20400
P L Q A P L T M P L &8 ARV R KV I KV
H Y NR P Y H * Q Y H HEDL V N * ¥ R *
T I A R T I DN¥N¥T I I § * C T K 8 D K 8§

20401 GTCTCAGCACATAACACTTCAABACTTGGAGCGAGTCTAAATCTTGCCCTARAARTAACTA 20460
* L R T N D L K 8 ¢ R E 8 K 8 R 8 K 1 5§
E § D H I T L N QV E S LNILUV P N * @
L T T Y @ * T K FRA* I = F P I KNI

20461  TACCTACTATTAGACAAATAACGATTTATACCAAATCTTCTCATACGTARACTAGTATAT 20520
I §$ 5 L R N I A L Y P K S S * A NS * I
Y P R Y D T+ @ * I HNILTILSHMOQTD Y
5 r I I Q KN S8 F I T *» F V I CKTIMZY

FIG.3 CONT’D



U.S. Patent Jan. 10,2012 Sheet 96 of 119 US 8,092,994 B2

20521 CAAATACCATCAARATTGGTATTTCAATATCCTCCARACGTAAACGAATATCCGRATARR 20580
T * p L K L W L T I P P K C K 8§ I P K N
L K H ¥ NN * G ¥ L * L L ¥ A N A * L 5 I
N I T T XKV MFPFN Y S8 TQ MK Y A *» K

20881 GCATCCTTTTTTTTTAGATTAAACAATTAAGTTCTCAARAATGTCATACTAAGATCATAR 20640
R L P F F D L KN I * 8 N K CCY S E L I
E Y § F P I *» N T L EL T KV THUN * Y
T P F P F R I Q@ *NILLL K * L I I R TN

20641 GTAAGTATAAAATAATGACTAGTCCTCACACCATCATCATTCTCACAARCATCTICAATAR 20700
* E Y K ¥ VvV 8 ¢# § H ? L L L L T Q V T I
BE N M N * * 0 D P T HVY Y ¥ § H K Y L *
M * I X N § I L L TTTT L TN TCUNN

20701 CTAAATAATAATCTACTAARACAAAGATAACAATTCAGTAATTTAAACTCAACACAATCA 20760
8 K N N 8 8 X T E I T L D N P XK L QT L
2 N I I L H N Q K * @ *» T M L N 8 N H *
I » *» %« T I X N R NN L *» * I Q T T N T

20761 TTTCRACAATTATAATTACARACTAARAATTCCTAAAAGTTAAATACAACACCACATTACTA 20820
L T 7T L I L T S XK L &8 K * N I N HH L §
¥ L Q * Y * H @ N * P N E I * T T T ¥ H
F N N I N I N I K L I X L X H Q p T I I

20821 TTATTTTAATACTGAAARATAGGATTTTACGTTCGGTGATTACTAACCTTTGGACCGATA 20880
L L I ¥ v K * ¢ L I C AV L § @ F G p *
Y ¥ P * 8 K KD * P &8 L W * HN 8 V Qg 8
I F N HS K I RVPFHLGS I I P FRATI

20881 AGATACGGACAAAACATATTCATAMACTTACAAGGTAATCTCTCTCAGAGAMATACCTITA 20340
E I & T XK ¥ L ¥ K F T @ N § L T EKH®H P
N * 2 @ K T Y TN S HEMUL S L R K I §
R H R N © I L I @ &I N W *¥ L 8 D R * p I

20841 ATACCATTTGGATAATTAAACGGATGTCCGACATACTACTTACAACGATTCATGTGAGTT 21600
* P L G I L K G V P @ I I F T A UL Y Vv «
N H ¥y v * » N A * L 8§ Y 8 8 H Q * T C E
I T P R NI @Q R C A THHINS L V 8 L

21001 AATACAGTCATAAACTTATGATCTTCTAATCGACAAGGACAATTATACGCACARRAATGTA 21060
N H *» ¥ K F V VV NATGTDL I RTIKC
I I 58 TN S ¥ * L ML QB Q * Y A H K V
* 7T L I @ I s C @ * 8N RNTIHTTN*M
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21061

21121

21181

21241

21301

21361

21421

21481

21841

AATCCACGTCCCAGACTATTTCTTCATCGAGGTCCAAGACGACAARATTCTGTCACCAAT
K P A P D S L &8 TAGPEATK KL ¢ HN

N L H L T Q YL L L BE L N Q XK L V T T
¥ T ¢ P R I F F Y &8 W TR 8 N *» 8 L P *

GGTAGACCATCATARGAACATCTATTACTAAATTTGGETAAACAATCGCTATCAAATCAR
¢ D P L I R TS L 8 K F &6 N T L S L KT

vy M ¢ Y ¥ E Q L Y H N L GM Q * R Y N L
W R T TN KUY I I I = V ¥ KN¥NA I T * N

TGAATAAAACCTCTARCATACTGAAATGGTARACTAACAGTAACCCTARACTATTATAGA
v * X P 8§ Q I V X 6N 8§ 0Q * QQ 8 K I I D
* K N @ L N ¥ 58 K vV M @ ND NP N S L I

8§ I K 8 r T H S§§ ¥ W K I TMUPTIOGQY Y R

CTATACATACTAGGAGAATGATTTTTATAACCACTAATATTACACTCATTCCTACCCAAA
& 1T ¥ 8 ¢ R VL F I P & * L T L L 8 PN
Q Y T H p E * * F Y ¢ HN Y H & ¥ P H T
I # I I R K 8 F I N T 11 I I HT L I P K

AAATGAATGTAAACACTAAATTARGCACTATTTAATAGAAACCCACCATCACATCGATAT
XK v »M ¢ * K I R S8 L ND K P P L T A I
K * K ¢ K DNILEHYTITIZX P H Y H L ¢
K 8 VN T M * NTTI F * R Q TTT Y 8§ Y

TTTTAATGTCTCAMAAGAACCTTACGACTARATATATITAATTACTCANCAARACGTAAA
F I V 8 N E @ F A 8§ K Y L N I L @ K AN
L F * L T K K 8 H 9 N I Y I L 8 N N Q M
F N ¢ L KR P I § I ~ I F » HT T K CK

ACCTGTCARAAAACATGATTACATTTACGAAGAAGATCACT TCCCARAAATTATCCATAT
g v T K Q vV L T F A EEUL S P N K I P I
K $ L K K ¥ = H L H K K * H L 7 K L L Y
P ¢ ¥ KT 8 ¥ Y I 8 RRT P P K * ¥ T Y

TTAATGGACCCATTTAGAAGARAACTTTATCTACCGTTACAATACGTACGATTGATARAL
F * R P L D E K 8 I 8§ P L T I € A L * K
L NG P Y I X K Q F L HCH *» A H *x 8 N

I vQ T F RURIK F Y I A I N HMS V I Q

AABACCTCTTTATCATGTTGTACCTTACCGCCACGAATATCAAATAAACTATACTGATTT
¥N 0 L F L, V VX F P P A * L KN S I V L
T K 8 F Y ¥ L M S H R HEK Y N I Q@ ¥ § *

K p § I T C ¢ P I AT S8 1 T * K I H S8 F
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21601

21661

21721

21781

21841

21901

2196

22021

22081

AAAAGARACTTTAACCGACCGTGACGACAACAATTAAATTCIGGTCTAGTTAATTTACTA
N BE X F N A PV A T T L X L € 8 * N F 8

I K K &8I PQCQQOQ*NULV LD TIDLH
XK R Q F Q 8 A 8§ 8§ NNTI* S W I L *» I 1

ARTCAAATAAGAGARTAACTTTCTCCATTTAATAATCARGCGCTATGCGCATTICTCTAR
K T *+ E R I § L P LN N TR S8 V RL 8 I
N L K N EBE * Q F L ¥ I I L E R Y A Y L 5
* ¥ I R KN P § TP * * N A I R T F L N

ARACAACCACTATCAGAACATTTATGARCAATCTAGRGTAATTTAGATTTGATACRATTA
K T P» 8 L R TF V Q * I BN P R F *» T L
K ¢ ¢ H Y P g L ¥ KXY 8 R M L DL § H *
X ¥ T I T K Y I 8T LD * * I *» v I N I

ATAAARRAATARAAARRATAAAGACAATACCAAAATTACTTGGRGARTTACARCACAGAGT
* K X I K X N RN HN * H V E *» H Q T E
N N K * K K I B T I ® K I F R K I N H R
I K X N K » X Q * P KL §8 86 R L T T D »*

ARATTTGGTACTGACCARAAATARACCACTATCAGCARGACTAACATTGGTATAATTATT
N L ¢ H 8 T K I Q HY DN QUVN Y G Y * Y
M » v M V P XK * K T I T TR I T V M N I

K F W 8 Q N X N P 8 L RE 8§ gL W I L L

AAATTTTITAATTTTTAAAACTAATAAACCTATAAGTGGGATCAAACACGTTGTTACCATT
N L F * F N Q NN P Y BE G * N T CCHY
I » F N F I K I I Q@ I NV R T Q A V I T

XK F I L P K 8§ * K 8 I * G L X H L L P L

CTAAAGTAGATCACGGCCACTAAGATARAAATTCTCARAAGTAALGTCGAGCTAAAATATT
S KM * HR HN * K * § N BN * B I K Y
L ¥ * R T ¢ T I RN K L T K M E 8 8§ K I

I E P L AP S E I K L L K *» KV R N * L

AATGTGACCGCTTCCACTAGTTTAATAARAAATACTCCCACAAT TAARATTAGGAATAGT

N ¢ Q R L H D F * K K H P H *» N * D K D
I v s A F T I L NN X I L TN I K I R I

*v P 8 P S8 * I I K * 8 P T L K L G * *

ATCTARATTCACAAAAGGATTACCATCATTACTACATACCGARAGAATTETTCCATTCTAA
¥y I «»# T N E * H Y Y H H I A E *» ¢ P L I
M 8§ K L X R I T T I I ¥ P KKV L ¥ 8

L N L H XK 6 L P L L S TH S R L L T L N
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22141

22201

22261

22321

22381

22441

22501

22561

22621

AATAGCACGGAATATAAGATTATACCGGAAAAAAG CAATAGAATGARAACAACTATAAGG
K b H R I N * ¥ P R KEWND * X g g Y E
XK T T ¢ * ¥ R I H 6 K K T I K 8 XK N I N
* R A XK Y E L A K KR * R V K T 8 1 &

AATATTACARAAGAGAAAGATTCAAATTAAGAACATTTTCACTATAAAATAGTGAATTCTT
K ¥ H K E K * T * N XK Y P HY K 1 v = C
R I I NR K RUL K I RTF T I N * « KXV
* L T BE R E L N L BE ¢ L L 8 I KD § L L

AGGATAAAAATAATTAATAAGATTCCTTCARATAARATGAAATAATCCAACAAGAGAAAT
p » K *» * N N * P L KN * K I L NN E K
I R N K N I I R L F NI K g *» *» T T R K
¢ I K ¥ L * E L 8 T * XK VvV XK N P Q E R *

AMATCATGGCGARACGGAAAAATTTAGATTGARATCAGTCATCGATAATATTIGTATCTATG
N L v A XK 6 K * I » 8§ * p T 8§ N ¥ ¢ L ¥
I » Y R K A KK PFRV KT T LVITIUVYTI
K T 6 § Q R K L b L K L *» y * + L, ¥ 8§ V

ACCCAGACARATACCAAAAAGATTACAACAAATAGCACTAAATCTGACATARATATAANG
Q 5 0 K H N K * HQ XDQgZNTILSVYZKTZYK
&£ A RN I T KRTIUNWNIRTI®*UV TNTIN
P ET * P KEULTT* € 8§ K § QI * I E

AGAATTTGETCCAAGARTATTTCAMAGCTGGTGACGTGGAAARAATAGGAATGGATGATT
E * v L N K ¥ L K ¥ W g VvV K K I R Vv *
R K F W T R I F NG G 8 C R K * 6 * R 38
R L 6 P E * L T E V V A G K KD K GV L

TCGRGAGACAARACTATTTAGATTIGTTAAACATGGACATGTCCARCAACTAAGATCTAC
L ER N Q Y I * V I QV Q V P Q QN * I

F S ET K I FRJF L KYRTYTL NI NTITR RS
AR QK $LDLCDHNTGTOCTTSETLH

CTTGTTGCTCGCACGGAGTCTATAAAGAAATAGACARCGTACAGTTARCGGTATAACAAT
$ ¢C R A HE R LY K K I Q QMDBDTIOBAMMENNEN

PV VY LTG * I NR *RHNZGCTULOGQU®W®WTIT
P L S R A E S I E KD TAUH * NG Y @ *

AARAGCGTTAAGAAGACGATTAATACAACCGTTCATACTATAATTGECTGCCACTATCACC
N E C N XK g * N H Q C TH Y * G R H Y H
I K A ¥ R R 8 I ¥@ ¥ A L I I NV V T I T

K R L E B A L * 7T P L Y 38 I L W P 8§ L P
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22681

22741

22801

22861

22921

22981

23041

23101

23161

RAAAATAAAGATAAAATAGACCAGABRARTATATTACAAAGARCATAAAGTATAATACCACA
N » K * K I Q D K I ¥ H K K Y K M N H H
T K N R N * R T K * I I N R T N * I I T
K I BE T K b P RKVY L TE E QI E Y * P T

TAAAAATATACTATTAAAATGTAGGTANACCGGGATARTAAGAARACCATCCACAGGATG
I K I H ¥Y N * M W K A R N N K Q@ ¥ T D =*

Yy K * I I I K C &GN P G I I R K TP TR
¥ K ¥ 8 L X vV D MO G * * E X P L H G V

TAGAAGATAATAATTTGTAGGTTAAACACAAATACTAAAAAACGCGATAATARARATGTTCC
M X * * * Vv D I, KH XK HN KA * * X V L

C R RN N F M WUHNTWN I I K @ R NN * L
D B I I L ¢GI QT * §S§ K KOG 1I I XK CP

ATAAARTAATACAAATCGAAATGARAAACAACAARAARGATAATAARAACAATATATTSCT
Yy X I I ¥ L KV KQ (g K E I I XK T I ¥ R
T N *» * T % g * X K N ¥ K * * K g * I V

I K N H XK A K &8 KT T XK R NDN K N Y L 8

ATTTAGAGTAATTTAGATTTGTACAATAATTAATAAAARTAARACGGATGTTGTARTCGA
Yy I E N F R FMUNWNTITIIKTIIZ KGUVV N A
I F RMLD L CT XL * K * KA *¥ L ML
L p * * I * YV H * * N N K N Q R C C * §

CAATATCCACTAAAATTAACATGATTAARACGATAATTACTABATTTGTGETGTCAAGGA
T I P &8 K L ¢ vV L, XA I L &8 K F V VvV T G
Q * Lk H N # N ¥ * N Q * * H N L C W L E
¥ ¥y T I X I T & I X 8 ¥ I 1 *» Vv 3 ¢ N R

GCGTATTCACTCATACAACACCTACAAAGAATACCAARCCCATGTATAATATATGAACTA
R ML 8 ¥ T T 8 T ZE * P K P V ¥ * I 5§ 8

B C L H T H @ P H K K H N P ¥ M N Y V Q
A Yy T L I N H I NRITOQ T CTI I Y K I

GCACAAATAAATTTATGATGATATAATARATGACCAATAAAGGGATTTAGACCACGETTA
R T * K F VvV V I NNV VP * K G L I P A L

D H XK N L ¥ * = I I * g N N G «* I Q H W
T N I * I 8§ § Y * K 8 T I E R F R T G 1

AAATCCCTAGATAGARATTTTCCATCGATGTATAAARCTCATGAGAAACCATACTCTTTGEG
K L 8 R D K F P V V Y K L V R Q Y * F G

N *» P D I K L L Y * M NS Y E X T D 8 V
K p I * R * F T § C I Q T $ K P I L F G
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23221

23281

23341

23401

23461

23521

23581

23641

23701

AAAAATAGACTAAAATTATTACCATAAAAAAGATCTCAATTCTTATGATTCAACATACAA
K KD § KL L P I KEL T L F V L N YT
R XK I QN * ¥ H Y KX * L *» 8 Y ~ T T H
K +*+ R I K I I ™ KN K R 8 N L I 8 L @ I N

TTATTTTGARARCATATCACTCARATCATGATATCAARTATCCATCACAAAAATAATTGTTG
L L vV X ¥ L 8 ¥ L v I T I P L T K I L L
* ¥ FP R T ¥ H T » ¥ * L » L ¥ H X * =« (

I F 8 ¢ I T L K T $ ¥ R Y T T N KONV V

AGAATATGATAACAACARGTTGGAGTATTACCACAARACCTCTAATGTCGARCAGTTATG
E * Vv 1 *T T * 6 +* L P T K 8 I VvV A O * ¥
S K Y * Q Q E V EUY HHI K P 8 * L K D I
R I 8 N N N L RM I TNOQGQILWUNUZCSTILUV

TGATACACACTCATAGGAGTATGATAAACATTTAGATTTCCATCAAGAGCATTACTTAGA
v I H 8§ Y G * VvV I Q LD L P L BE RL 8§ D
¢ *» T H T D E Y * K Y I * b ¥ NE Y H I

$ HT L I R M 8 N T PFRUPFPF T TR T I F R

ACCGTAARAACTATTTAGACTTGCARACACAGACAAGTTCTTTTTAARATGAATATTACAA
g ¢C K 8 L b 8 6 K HRNIL F F KV *~ L T
K A N ¢ ¥ I 0 V K T DT * 858 F N * K ¥ H
P M K I F R P R Qg T QEILF I K § I I N

AGATGTCTAACCAACATAAMAGTARRRATAGTTCTTGCACCGETGARAAATACGAATAARTA
E VvV 8 @ N Y K * K * *# g R P V K * an * #*

K *+ L N T T N E N K B L V H C K K H K N
R C I P QI K M K I L P T A S K I 85 I 1

CCACTARGACCGTACGCATCATEAAAAAATAMATCAAACATAGARACCATCAGAALATAGA
A § E P M G V V K XK N L K Y R P VR KD
H g N ¢ C A * » K K I * NT D Q ¥ E K I

$§ I R A HR § 8 K * KT QI KT S K * R

GTAATAATACARAACGGAAACTGAACATTACGATATAGAAGATTATGACTATTACTCTCA
*# *» *» T K G K VvV g L A I D EL V 8§ L 8 V
E N NH KA K § K Y H * I K * ¥ Q0 Y H 8
M I I N ¢ R Q@ 8 T 1I 8 Y RRTI S I ¥ L 8

AATGTTATAARCCCAGTGTGCARRCAGATTTGCGGTTATAGAAGAATTTAAACTGTTGGCA
K ¢ Y ¢ T VvV ¢ X p L R W Y RRUL N S8 L R
XK v 1T N P * ¥V X T * V 6 I D E * I ¢ ¢C &
* L I P D C R Q R F A L I K K F X vV VT
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23761

23821

23881

23941

24001

24081

24121

24181

24241

CCACAATAATGATTACGACAACTAACAAGATCATCAAAGAAATCGCTCTAAGTTACATTT
P T IV L AT S Q E L L KX L 8 I * H L
H H *» » * H @ QQ N N * ¥ N R * R 5§ E I VY
T N N § ¥ § N I ¥ R T TZEBE X A L N L T F

TGATTTAGAAATAATGGATTATCGACCACAAATACTGAATAGACCARAATGACAATTCGGA
VvV L D K N ¢ L VvV P T * § KD P K V T L G
F = I K I Vv * Y g H X H S I ¢ N » g * 1

§ F R * #«» R I 8 T N I V * R T K 8 N L R

CAACGTTGACATGTAGCAGCATAAGGACTAARTGGACTAACACTGTAACTAT T TACCGAR
T AV TCRIRTIGSKGS QS MS L HS

Q O L QVDDVYEGQNVOQNETCSCOQTYTIA

N ¢ 8 Y M TTNU®RTEIS®*ORTITUVNTITF P K

TTETTAAAATTACATGGCAGTGGAGAATTAACCCT TGCAT TTTAAAARAGAT TAACGTTG
L L XK L T ¢ E ¢ R L Q 8 R L I K E L Q L

* C N * HV RV E * NPV Y P K K * N C
v I X I ¥ & * R K I P P T P N KR I AV

RAATTAAACTCATGAARCGAAGCAARTCARGTATGACTARGAMAAAGAACATTATTAAAA
K L ¥ L VX 8 R KT * V 5 E K E g L L X
$ * N 8 ¥ K A E N L E ¥ QN X K K Y ¥ N
K I @ T 8§ 9 KT * N M S5 I R KZRTTI I K

CTACTTAGATTCTATATACCATCAACARAATTCTCATAACAAAAT CTATTTARACGGTAT
8§ § DL I Y P L Q KL LI TIX S L N A M
¢ H I * 8§ I H ¥ N N * 8 Y Q K L ¥ I Q W

I F RL Y I T TTI XKULTNN®* I F KOG Y

GGGTTGAGGTCTGCTAGACTAARCGTCARCCCETCARGACCAARAGACGTTAGAAGATTA
¢ L E L R D 8 KCNUPULEUDPI KU RTCDE L
vV W 8 W VvV I ¢ N AT P C N QDN E A I K *

G vV 6 8 § R I ¢ L QA TRTTZ K QL R R I

ATATTTTAACTGTGATGAAGATCAAGAACAGTTAACATAATATCAAACGGACGTTAATTA
* L I 8 VV E L E Q *»* N Y * L, X & A I L
N ¥ P @ ¢ * K *» N KD ! TN Y N AQ L *
I F NV & 8 RTRUTIULOOQTI I T QR CNTI

CAATGATAATTATTAATAT TAGGAAGAAGAACCTTATCTTCCATACCARRAT TATTARAR
T Vv I L L * L G EE Q F L L ¥ P K L L K

H * = * ¥ N Y D K K X 8 Y F T H N * Y N
N 8 N I I I I R R R P I 8 P I T K I I K
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24301 TTAAACTCGAGAGTATCACAACRAATGAGTGCAATARCABAAAGACAATTATTATGARAR 24360
L K L B * L T T * E R * Q K E T L L V K
* N S §$ E Y H Q K 8 V N NN K Q * Y ¥ K
I AR MTNUNUV ¢ T I T KRNI I §K

248361 ACAGGARCACGATTTGGRAGAAAACGRACTTCAACGTTCTCAGTATTTGGTGGAAGACGA 244120
Q G ¢ A L G B K A E L QL L * L G G E A
X p K H * V X K g K L N C S8 DY V V K Q
T R T 8 F R R X 8 * ¥ A L T M F W R R 8

24421 AGGACAGGATAACCATGATTAATAGCAAGAACACTCTCATGATGACATGAGCTGGTGTGA 24480
E QG 1 PV L * R EQ S L VV T § 8 W V
K R D * Q Y *» N DX KHGSY *» O V R G €
¢ T R NT 8 I I T RTUL TS S Y B2 V V 8

24481 CTGACCACATCCACAAGARACAAATGOACTAGGATATTGACGAATACTGCCATCCAGRACA 24540
S ¢ H L HEOQZKXK G S G6 I VA * 5 G L D Q
g 8 T vy T N X NV QD * L Q KRG *+ 7T K
v P T P TR T * R I R Y $§ 8 I V R P R T

24541 AGAGTTITTTTTCAGAGACCAACCACAACCACTTOTAACACGTCCCAAGOCACARCTACTT 24600
E *» F FDRTTPT P S CQAUPINUPRPTS S
N g FP F T EBE P Q H Q HY¥Y NHKRH L T RH Q H
R L F L R Q N TN T FMTITCUPETNTITF

24601 CTTTTCACACCACATAACCTACCTAGTATATTACAAAGARCAGAAACATCATGACTACGG 24660
S P H P TN S P DY L TE QR Q L VvV S A
L F T # H I P H I M Y H XK K D K Y ¥ Q H
¥F L T T Y @ I 8 * I I N R T XK T T 8 I G

24661 PARGATCCAACCAGAATACTGTGAACGCAGTCATTGTTGGCAACATTATAARARAGATTA 24720
K R P QD * § V @ T L L L R Q L I X E L
R E L NT K H C KR * Y € G N Y ¥ K K *
K *+ T P R I VvV 8§ A D T V VvV T T I N K E I

24721  AAATAAAATTTACCATAGTTATCACCATGGTGAACAAGATTACTAAATAACGTCGGATTA 24780
K ¥ X # P I L L P VvV V g EBE L & X N ¢ G L
N ¢ K L. H Y * Y H Y W K&~ * H N I A A *
K ¥ » 1 T D I T T G S$ TR I I * Qg L R I

24781  TGACTTCAAAAATGACTACAAACACAACTAATGCTGGAARTACCATAATGTCCTGTTCCA 24840
vV 8 T K V 3 T Q T & « 8 R ¥ P I V P C P
¥ ¢ L K * 0H KH Q@ NRGKH Y * L V L
S FP N K & I N TN I VYV V XK I T X C S L T
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24841 TAARAATTICTTCAAAGACGACAAATAARTATTATCARCCGTTTTAGAAAACATACTAAGA 24900
I X . 8§ T E AT * * L L @ C F R K Y s E
Y K * L L K Q Q K N ¥ ¥ N A F D KT HN
N K F F N R S8 ¥ I I I TP L I K Q I I R

24501 TTACCGTTGTAATAACCAAAATTTCTAAAACARTGATTATTITGTATATTATAAAAGGGA 24960
L P LM I P KL S KT VL L VY L I K G
*H C C * Qg N * L N Q * * Y P M Y ¥ K G
I A V¥ N T K F I KN S§I PF C I I NER

24861 ACAATACGTCCTTCTCAAAGACGACGAMAAGTAGTTTTACGAAGGAGAAACCGAMATGAA 25020
Q * A P L T E A A K * * F A EE K A K 8§
K N HEH L F L K Q Q K EDF H KRIEK P K vV
T I €8 8 N R 8 8 KMUL I 8 G R Q0 8 * K

25021 ATAGCATTAARTTTTACATCGATACAAAACTTATTATAAAGARATTGATGAZTCGGTATA 25080
* R L K P H L *» 7T KPP L I B KV V *» g Y
K D Y N L I ¥ § H K S$§ Y Y K KL * E A M
I T £t * FTA A I DNUGQIIDNIR®* S§ 8 L W I

25081 AAACTATCAATAGAACCAACGCAARAATTACGACTATTAAATTGACTAATAAGACAMAGA 25140
K 8 » » R P Q T K L 32 83 L X VvV 8§ * E T E
N g Y ND Q NRI K * H QY NILQDNNQ K
K I T I K T A N K I 8 I ¥ » 8 I I R N R

25141 AGAACACGAGAAGCGTACCCATCACCAAARACACAACTAATATTGAGCTGGAAGAAGAAGE 25200
E Q A RRMUP L P K QTS * L E G E E B
K K HEECUP Y HNIKHIQDNINTY S V K K K
R T $ K A H T T T KT NI I v R R R G

25201 AGAAGCGCAGCATTTGCATCTITCATAAAGACGAAGAATAGCAARACAATCABAACTTGREE 25260
E BE RR LR L LI EAE®™*URIEKTUV K S G
R &K A D Y Vv ¥ FP ¥ XK Q K K DU N ~ K @ V
R R T T ¥ T 8 T N R S8 R I T KN 8 K F G

25261  AAATTACAGTCAAAACARTTACTGTCATAACTCAGACACCCACCAGAAATACTCTAGTTT 25320
XK L T L KT L 8 L I 8 DT P PR * & I L
R * H » N Qg * H C Y Q T 0 P H D K H 8§ +*
K I B T XN IV TUVN¥NILRUHETTIEKTILDTF

25321  TAAGGGTGATTGAAARTGATATCAACCAGTTCICCTTAAATAAGTTTCGATTAAGAGGATTT 25380
I 6 vV L K Vv I TP * § 8 NI * V L B G L
F E W * § * * L Q DL P I * E F * N E *
¥N G § VXK §8 ¥ N T L L& F KNIL S I R R F
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25381

25441

25501

25561

25621

25681

25741

25801

25861

CAATGATAACTAACAAGAAATAAACAGACAAGATTAATACGTCGAACGGTACTGAATANC
T v I 8 Q E K N T Q E L * A A Q W 8§ K N
L * *» @ N N K I Q R N * N H LL XK G H 8 I

N 8§ N I T R * K D TR I I C 8 a MV * Q

AGTCTCATACCCTGARAARCACTATTATAATTATCATARAAT CTACT TCAATTACCARAT
D § Y PV X S L I L L I K S 8 T L P K
T L T H C K K H Y ¥ * ¥ Y KL HUL * H N

*L I A KT I I NI TN * I F NI T *

GAACTRTGATGAGTTAACGTACATCGACTATGAGARTACGTTCCACAGTGTGAATCGAGG
$ 8 v vV * ¥ C T A &8 VRI ¢ P TV S L E

v QY * E I A H L Q Y E * A L H * v *x g
K I 8§ § L Q M ¥ 8 I 8 K H L T D ¢ K A G

TTAGRATTATGATTARACCTAAAACTACAACTATTATART TAAAAT T TAGGEATCAACCT
L R L VL X ¢C XK 8§ T § L I L XK L DR T P

W D * ¥ ¥ N A N QB QG Y Y * R * I 6 L Q
I X T 8 I g M X I NTIINTIZKVFG * N S

ACARATCCAGGTGTGACGCCAAGRAGAAGAGCAAGARARAAACTTCTARATAACAAACTG
H K P G C 0 P E E ERE K K 8§ 8 K NN 8
I N L DV 8§ R N KK ENDNIKI KOQIL NI T Q

T * T WV A T R R R T RI KK F I * Q K V

TTTCAATTTGAAAGTCTACAACCAAMACAACTTCGAATATTGTTARCATCACCACCATCA
» T W8 E S TP KT S A * L L ¢ V P P L
¢ L * VvV KL HQ NIOQOQULI XY CNY @ HY

F N F K * I N T KN F § I ¥ 1 T 8 T T T

CTTTAATCTCTAGAAGAAACACATGT TAGGAAATTACCATAATTTCAAAACGGAGGATAA
8§ I L §8 R R Q T C D X L P I L T K G ¢ I
H F * L D E XK H VvV I R * H Y * L X A E ~

F N 5 I X K T Y L 6 X I T N F H Q R R N

AACAGACTTAGAGTTTAAAGACCAATGTGGTGTCGGCEATGACAACGACGATACARAGGT
K b § D * I E P * V ¥V A AV T A A I N G

K 7T g I EF KQ N CW L R* g Q @ * T B
Q R F R L N RTV G C G 8§ 8 N S 8 H K W

GGTACCAGTCGTCGTCCGACCGTATGCTAARRGAGAATTACATGTTATATCTTAATTACCA
G H D AAA P MG N ERLTCY L I L P
v M T L L L ¢ €C VvV M K E * ¥ V I Y F *~ H

W e+ ¢ C S8 A Y W KPRIEKTI Y L I 8 NI 7T
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25821

25981

26041

26101

26161

26221

26281

26341

26401

AACCCACAATGATACCTACRAGAATTATTTTTAGTTTTCAACTATCOATGACCGARAATTA
K p TV I S TRLLF *¥ F NI AV A KL
N P H * * P H E * Y F D F T 8§ L * Q K ¥
T N 858 H I N K I FPI L L Q Y 8 8 8 K I

TTACGAGAAGAAAGATARGTCTTACCAAAATCACCATGGTTCACACCGTGAACCGATTTTAT
L AR R E I *» F P KL AV L EA S AL I
Y H E E K * BE 8 HN ¥ H * W § Q V Q * F
I 8 K XK R N L I T K T $ G V R C K 8 F Y

GTTTCACAACAATTAAGATTACCAGTTCGTGAAT TATCARACARTGTCGTTARTARATTA
¢ L TTOLELAM®®®ASTILLEKUNT GG CHZNUNL
vV FP H Q » N * H E L V * ¥YNTV A I I =

L T NDNIRTISIL CKITQ* L L * K I

TTTAAACCACGTTAATCAAGAAGAAATGTTCTTTARAATAGAGCAGAGCTACEGAAATCTC
L N P A I L E E K C S8 I KD RRUS A K 8
Yy I § H L * N K KV L F X I ED R B K L
F X T ¢ N T R R *» I, F ¥ * R T E I 8 * L

COAGTCCAAGTCTAACTATCCGAATAATTACCAGCAARTTGACGAARTTTACCAATACAG
A * 7 * ¥ § L 8 I L P R KV A K F A * 7
P E P E § @ Y A * * H DNIL Q K L H KH

$ L ¥ L, ¥ I P KNI TT* 8§ § *« I 8 I D

AGAGTTGTCCAATCACTATAAAGAGAACATTTTAAACCACGACGAARTCGATACCTCTTC
E * ¢ 8 L 8 I BERTVFNUPAAIKATISPF
R B V A * H Y K E Q L I Q H Q¢ K L * p 8
R L L K T I N R K Y F KT 8 8§ * 8 H L L

CAATTACTCACACAATTTTCAGTTAGAGCGAGCATAATTARAAACACCATTACCATTAGTA
T v 8 B T L L. * D ¢ R I L K Q P L P L *
P * H T H * P D I E E Y * N K H Y H Y D

N I L TN F T L RRTWUN I KT T I T I M

TAAAACAGTAATCAAGTTTTACGAGGAATACCAAACAACAARATACGTAAARTCARTATTT
I X p ¥ T * F A G * P KN NI QXK L * L
Yy KT M L 8 FH E K HWNTTT * A N *# N Y
N ¢ * * N L I 8 R I T Q ¢ K H M K T I F

GGATARAGAAAATTTTGACAAAATCATTCAGGACCAMACACATATAGTCCACTACATCCA
4 I E X L VvV T K T L 6 P KH I D P 5§ T P
v * K K * F Q K L L p ¢ N T Y I L B H L

R N R K F 8 N * Y T R T Q T Y * T I Y T
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26461 TAACGTGGATTIGTICCCATAAAATAATTTGTATTACTAGTAACCTACAAGTGACCATCA 26520
I AG L C P Y XK I L €L & * @ I N V P L
¥ Q vV * VL TN* * VvV Y HDNGST * Q Y
N CRFL P I KNP MK I IMPHETSTT

26521  AGAATGATAATAGGACTTGGTTAAAGTCTATTTTTACAACAAAAATACTTATGARCAAGA 26580
E ¥ * * G $ G I E § L F T TI XK I F V Q E
N K 8 R D Q VvV L K L ¥ FHQ K * 8 ¥ K N
R VvV I I R F W N * I F I N N K H I 8 T R

26581 CARTTAAAATGATTTCGCGGAGAACAAATAAACTTAGTAAGACATGGTTTTAACAGACTA 26640
T L K vV L, A G R T * K F *¥ ET GG F N D 8
Q * N * * L AE Q K N 8§ DN OV L I 7 @
N I K &8 F RRIXNTIOQTIMZEREYWT FQURTI

26641 AARCTTAGACTCAATAGAGTAACCAANTTTTTAGTTTGTAGETAACGCGGATTAARCTGA 26700
K S DS ND * QNILF *» VD MUALGETDLEKTY
N Q I T I ENT* F D FMWOQA* N S
K F RL * RMP KF I LCGUNZ RTERTITGEGQS

26701  AATTTAGAAGTATGATAATTACGATGARAAAATCTARACATAATACTCTACTTAGRATAA 26760
K F R * V I L AV K K S8 K Y * 8 I F R I
K L D E Y * * H * K KL N TDNUH § 8 D *
* I KM &N I 8 5 K * I 0 I I L H I KN

26761 GTTCTCAGATAATTCAGAMACTTATTATCAATATAGTTAGAATTTCTATATCCATGTATA 26820
* &8 p I LD KPF L & # I LR L § I P V Y
E L T * x T K § Y ¥ N Y * D * L Y L Y M
L T RN L RQ I I TIDTIIKU FIUYTOUCI

26821 CTTTACATACATTTTACCGGAACCATACAAACCGATGATTAAAGAAAAAGTAAATATTAT 26880
$ I YT FH G QYT S8 S I EKENTI I
H F T K L I AR KT H KAV L K K E M + 1,
F H I ¥ P P R P I N P * # N R K * X Y Y

26881  RAGGRACATAACGAGAAAAAATATACAACAACATCACCAACACCAAGACGTACAAAATCA 26940
N R TN S K KTIHQ Q VP QPEAHTZEKL
I 6 QT AR K * I NN Y QNUHINGQGM®N =*
E XK Y Q E K XY TTTSTTTRTGCTIKT

26941 TTTACAGTATTARACAACACTACTCATACCACCAGTAGTACTARAACAATAGTTTTGTAGE 27000
LHE* L Q Qs s Y PP * * 5§ K T I L V D
¥ I DY NN HHTHHDIDHNOQ * » F M
F T M I T 7T 1 L I T T MM TI XK N DF C R
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27001

27061

27121

27181

27241

27301

27361

27421

27483

GTACTACTAATCTTAGAGAACAGTCTAGAGTARTTTAGATTTGARATAAATACCTGCAAA
* 8 § * F R X b 8§ R ML D L § * K H VN
E HHNS$DRT LD~ *» I * V¥ KN I 5T
M I I L I B Q * I E N F R F K I * P R K

CCTCTGGATCGATCTGTGTAAGAGAACAATAATCTCTTARACCACAATGTTTGGRACTTC
P 8 R A V O MR KUNN S F K TN C YV K F
9 LG L * v ¢ ER T I L 8N P T V F R 8
g vV * 8 ¢ V N EBE Q * +* L I 9 H * L G Q L

TABACACAGATTTCATATTAATGACAGTTGGATAACAACCAATGACATARCATGGARATT
I Qg T * L I I VT L R M UNT V TN Y R *

S K H R F ¥ L * g *» G I T P *» Q I T & K
¥ T DL T Y N S DV * g 0 N 8 Y Q V K L

TACAAACCACAGCGTTCAAACCGTTTARACCGAAGAGTGARATGTAATGCATCAGTGCTAT
I NP T AL XK AVF K S RV K C»» T TV I
F T Q H R L N P L NAZE»* KV NIRIL * 8
H KT D CT Q C I @ K E S *~ MV Y D R Y

ARAGGGTATCATTATTAAAACCACAACATTGATCARAATCATCAATACCATTATCGACARA
N 6 M T I I K TNUY S TKS S I T I §N
I &2 L L L K PTTV L KV V * p L V T

XK 6 Y ¥ ¥ N Q H @ L * N * * KH Y Y Q K

GACTCCGACACAGATCTAATCARCTTAGTCGAAGACTTARATAACARACCGCACGTCTCC
R L S HR S§ * NF * S RF KNUNZPTTC L
E 58 ATDLJNT S DAZETGSNTITOQRAS

9 P QT * I L Q I L K Q I * Q KA HUL P

GTGAATTATTCATACCAACTARATABAAAGTTACTATGACGAACCATGTATCCTGTCTAA
C K I L I T 8§ KN KL 8 VvV A Q Y MPFP CI
A 85 L L Y P QN I K * HY Q KT C L V &
vy * Y T H N I »* KE I I 8 &8 P Y ¥ § L N

AATCARAATCAAAATAAAACAGARTAAAGAAATTAGAAACAACARCGARAAAATCGTTGA
K T ¥ T KNG RTIZETZKTIZKTTH ATE KIEKH ATV
K L ¥ L. K I ¥ D * K K L R Q @ Q XK K L L

* N * N * K T K ¥ R » D K N N § K * C 8

TAATTCGARACATACGTTGAAACACCAAAAACAT TARAGAAATAATAAAGTGGARGCCGA
I L $§$ Q I C & Q P K Q L K K I I E & E A

*# * A K Y A VvV K H N KUY NR * «» K V K P
¥ L XK T H L K T T K T I E K N N * R R 8§
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27541

27601

27661

27721

27781

27841

27901

27961

28021

ATGCAAATATTTTCTCCATACGTCARCATATTCAGAATATCACTTGTTCAATATGATGECE
* T *» L L P I CNUY L D L 8§ C T I GG

K R K'Y FL Y AT T Y T XK VY HV L * VvV V
vV B I F &§THUL QI L R I TFPFIL NVY WG

TGARAGTCTAATAAATTAGAT TTAGATTTGTAATACTTATTTAGAAAAGAAGGAGTTARAT
vV EBE S * KI * I » ¥ NH I F RIKI KU RUL K
W K L N ¥ L R F R F M IV F LD KU RG * N
§ I I *D L DL C * 58 Y I KE &8 E I *

GAAGACTAGTTCGACARTG TAAGRATTTTCTTACCTTAAAGAGAAACCCACATTATCATG
§ R I L 8 N CE * P F P I E R Q T Y Y =
vV E S8 * A T V N K F 35 H ¥F XK E X P T I s
K QDPD&L g * MR L L I S8 NUZRIEKU®PHDLUV V

ARAARTAATGATAGTATAACGTCAAGCCAATATGCTCGGCATCATACAARCARATAGAAT
K K ¥ § b Y Q L ET I RAMTTTH KN I K

$ K I v I MNCUNWUPTO* V L R L I NT * R
K * » * « 1T A T RN Y 8 G Y Y T ¢ K D =

AGTTCTACTAATAAGAMACCGAATACACCGGTRACTGATAGTCGAACTGATATARATTAR
D L H N N K P K H P W Q 8 D @G Q § ¥ K 1
I L I I I R QL S I HG N VI V KV INTIL
* 8 8 * E K A *x T A M 8§ * *» R § * I * N

CAAAAATACGAAACTTATTACGAARAGAACGTAAAAGATATCACAAATGATAATAAAGAT
T K I 8 @Q I I 8 KK OCCZ KRUYHI K S N NR

Q K A K F L A KRAUNUETITH®HNTUVITIE
N XK H K 8 Y H K E Q M X * L, T * * % K =*

AACRATATACCTARCAAATARAACAATTATCATAAGCCGAARBATAATCTTCACCGTCAA
N N Y P N K I KNTI TNUPIEKIKUNZGSUSO AT
I T I HIU RO* KT L L I R S X £ L V P L
Q * I § E K N Q *# Y Y E A K * * F 0 C N

CCACCTCARRATTAGGTCTCTGETTATTAGAATACACATAAC TATACTTTCCGTTCTACA
P P T KTIWULG I I XK HTTNIHPF A L H
¢ # L K L ¢ § VvV L L R £ HI S I F p L I
T 8 N * DL 8§ W Y D * T Y QY S L C g T

AACARTCCGETCAATAACTCCTGATAGTGTGTARTTGACGATGACAATAAGCACCAGTAG
K N P W WU KLV I VC * 38 8 S NWT T M
N T L G TTI § 8§ * * ¥ NV AV T I R P *
g *A L * Q P S DCMULOQ®™®*OQ™* BEHTDD
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28081

28141

28201

28261

28321

28381

28441

28501

28561

AAATATATGTCCCACAGTTTGAACCGTGACCAATATGAGARAGTC TARRCGGGCATATAC
XK I YL T DVF KASTI S K * I g &6 Y
R » I C P TL 8 P V P *» VYV R E 5 K ¢ T Y
K ¥y VP H *» V Qg C QK Y E XK L N AR I H

AATGACATCGATTCCACGTTCATGRAACATGGATATTTIGCACGGARAAATCTATTCAATC
N 8 ¥ 8 L H L ¥ KT G I F T G X * I L =
T VT A L T CTS8 OV * L R A K K $ L N
* Qg L * P A L V K Y R Y Y HRIKUL Y T L

TACARTTATCACCAAAACGACAARAACAATTCAGAT T PCAACCATTCGATAGCAAATGGCA
I NI T T K S NI KXKNUILIRUPFNTV I T * R
§ T L L P KA TKTT L DL TP L * R K &
H * ¥ H N Q@ @ KQ * T * L 0 Y § DNV T

GATCATTTSGATCACCATACCTATGACGGAACAATTCTCGAAT TTAGATTTGATAATCCT
R ™ F R TTHTI S G Q * 8 S L D L 8 N P

D L L ¢ L P I 8V A KUNILA®=* I » Vv I 1
* ¥ vV * H Y P Y Q R T L L K F R F *» * §

ACAGAATATGAGGGCCAGTAATACGACCTTCATC T TOGAGCAGACCTTTAGCAAGTCCTT
H R I 86 T M I § 8 T S AGUR S I T * §
I p VvV ¢ P * * A P L L L EE P F RE P

T K Y BE R D N HQ F Y F 8 R Q F DN L F

AGGAGTTCTTTTGRAGAACCCCGACTGECTTAGACTCECTT TAATGETTTGGARATTATCTC
R EL F 8 R P § VL RL S I VL G K I 8

I R L F VEQA AS WD S RPF * WV K L L
G * 8 F K K P Q G I Q 2 F N G F R * Y L

CEICTTTTTGGGTTGGATTTARGTGACRCAGATGAGTTGE TG TTCCTTTATGATAGSGTG
A 8 F & L R F E S5 HR S5 L W LS I 8§ D W

P L F VWG LNV T DV * & C P F V I G
C F F GV * I *» Q T « E V V L F Y * ¢ Vv

TAATAAGGACCAAGAGGCCCTACTGAGT TAAAGTTTTTCCATCTCTGAAATT TAAAAGTC
M I 6 P B G PD S L KL F T S V K F K *

¢ * BE Q N E P I V * N » F P L 8 K L N E
N N R TRU RS * E I EF L Y L 8§ * I X L

TACCAGTTCCTCAAGGGTAACGAARGCCTCATGGGGGAAGACTTCGTTTTCCTATAACCA
I T L 8 N G N 8 E S8 Y G RZRUPF CPF 8§ 1 p
§ P * PTG MAIKUPT GG E S ATV F P Y Q
H b L L E W Q KRL V 66 K Q0 L L L I N T
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28621

28681

28741

28801

28881

28921

28981

23041

29101

TATCTGTGTCCGCCGCARGRAAATTTTGTCGACTACCAGTTGTTTTCOTCAACAATOGCT
1 s vapP TRIKXUPFPCSTITTIL L L L Q * R

¥ L ¢ L RREKU LV A 8§ P * CF CN VNG
Y vV ¢ 6 A N K * P L, 0 HD V F AT T V §

CTACCATAARGATGATAGAGCCATGGCCGGG TATACCETTACGTAGGATACCACTTACGS
5 P I B VI ETGAWI G I CG I TUPFP G
L H Y K *» * R PV PG Y A L A D * P 8 D

I T N R S D RY R G M HWH MRUHHETIG

AGCTTCCCCAGAAGACCCAACGATTAGTCETTCGACTG IGAAGATGAGGGAGGCTACARA
E F P D EPNS I VL 8V §8R 8 G G I N
R 8 P T K Q T AL * W A S V E V G E S T
R L P R R P Q * D G L Q C K * ERZEKH K

GCAGTTCCCTAGGATGATGAGTTCTTCCATAGCGATCAT CCAAAGGCGGACCATGOTARA
R * P I R § 8 L F 8 P R S P K RUBRTRN
E DL 8§ GGV V *~ g A I GV L N GG P V I
T L P D * * F L L * g * * T E A Q Y 8 K

ACGGAGTTCCGATAATACAACTTCCGAGTCCTTCCAGACGAAGATTATCAGCTGGTCCAA
Q R L. A X I NP A * & PRSRITOZ EMWWT

K ¢ = p » * T § p E P L DA EUDLDLRG P
A E L 8 NH QUL S§ L F TOQ XK * YD V L N

GTGCARGAGTTAGTGCACCTGGGTTATTAGCAACTAATICATCTTCATTAAGATTAAAAT
* T R L * T 8 ¢ I I T * * T § T I R I K
E R E * DRUPGIL L RENILILULTILE L K
V N E I V B V W Y D NMTILY P ¥ N * N =

CTGTRAAGTCTARGATATCATTTIGGACTATACCGACTACTCTAGCGATTAGAACAARATC

58 M * I R Y Y F R I H § I L D 8 I K N =+

L ¢ B 8 BE I T F GG 8§ I A S S I A L RTZK
VN L KN * L L V Q Y P QH SR * D O K L

GGTTCGAACCATTTCTRAGAT TIGGAGTCATTCAGTGATTCET T TTACGETTCCTTTAGT
€ L K T PF I R F R L LD $ L L I @ L F p
A L 8 P L 8 E L G * ¢ T V L C F A L 8 1

W A O Y L N * Vv E A L * % A F H W P F *

CCGTATTTTAAAATTETTTTGCAGCGGTTTTCGCTTGAGCATTATT TG TARCATTACAAG
P M F N * C F R AL L S SR I FM T IN

L ¢ L I KV F G RWUPFR UV G L L CQ L T
A'Y F K L L VE G F A F E * ¥ VY N Y H E
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29161 TTGTCACAAAACCATTTTCTCCTCGAAGAGTTITAAAACCATTACGACTTTACARTTTCG 29220
L L T XK TPF S S RRILTIKTTISFH * L
* ¢ H K P L L PGE * P K P L ASTINTF
VT NGVY P LV EKETFNGO GTVYHOQTFTTLA

29221  AACCATGATTACTAGGAGTCAAAGGATAAGAACGTCTTAATCCAGCGATGTGGTCCACGAA 29280
K T 8 I I R I K R N K CVF * 8 R C W T §
s PV L 8 & * NG I R A S NDA GV ¢ P A
Q ¥ * H D E T E * E Q L I L BE * ¥ L H K

29281  AAMAGADACCAAGATTTAATCTGAACCAATTTTCTCTAAGGCTCCGACTGACTGGACAAT 29340
K E X TRPF * V QNF § I G L SV » RN
K XK XK P ELNSZKTULL S8 E S ASEG T
K R Q N * I L § P ~ FP L NRU PO QT STV Q =

29341 TTCTACAAAARCTTGAAGTAATAAGACCAAGATAATCCAAACTATCATGAAATGGTCCGR 29400
F I N K FP KM I RTURUNUDPI RKTITS8 * W A
L 8 T K s 8§ * ~ E P E I LN 8 L V K G 7
L H K Q V E N N QN *» *» T g Y Y XK VvV L 8

28401  AACTCTGTTAATACTTTCAAGAACTTCTCTTARATTTACGAATGCAATTARGATTAGTCT 29460
K L ¢ NHF N KX F L I * I 8V NI RTI L
K 8 v 1 1 FTRS 8 PF K F A ~ T L E L =*
¢ 8 L * § L B Q L 3 N L H X R * N * D 8

29461 TGTGACTAAGACTAAGCARCTCAAGATTTGGAGTCGCATTTICTCCACAATTIGTTAATG 29520
v 8 I R I R ¢ T R F R L T F § T N F L =*
F ¥ 8§ ES BEN L EUL G * R L L P T L C N
¢ Q N QO NT 8 N * V E A Y F L H *~ V I V

29521  GTCTTGTCAAACTGAGAGAATTAAATICACGACCATGAGTCGTGTAAAGTTTACTAAAAT 29580
W F L X ¥V R K I * T 8 T S$ L VvV N * I I K
G 8§ ¢ ¥ S ERL KL AUPV * CMETF 8§ K
L v T ¢ 8 E * N L H ¢ ¥ E A C K L H N =*

28581 GAGGACTCCTAGTATCAAATGAACGATGAGAACTACTAGGAATACATCTTCTGAGACAAC 25640
8 R L ¥ M T * K 8 8 K I I R I Y F V R N
vV &6 858 8 * L K B8 AV RS S G * T S 8 E T
E Q P D Y NV Q * E Q HD X HL L 8 Q0 0

29641  GAATTACTCTTACTTAGGATTAAGCTGTGATCCACCATTGGGGAGCGRATAATAAGCCTTA 25700
s L 8 F § D * N & V L HY G RA I IR F
A * H 8 H I R I R C * T T V G R * * E §
K I L I F G L E V § P P L & E S8 N NP I

FIG. 3 CONT’D
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28701

29761

259821

29881

29941

TCCTGCTGACACATACTCTTACTTAAGAACCGACATTATTG TCTATCTCATCCAACAATGTC
L v 8 8B I L I F EQQUL L L ¥ L L NN C
¥ § vV R * # F 8 N K S Y ¥ C I 8 Y T TV
P C E R D S H I RATTIUV S L T P Q * L

TGATATATAATIAATCATCTTTARAATATAARTCTGTARACTAACAATCTCATCAATATT
vV I ¥ *# N T § I K Y K S8 M 0 NN S Y N Y
§ * I ¥ I L L F K I F L CXK I T©®™ L T T I

8 ¥ I L * ¥ F N * I * V N 8 Q * L L * L

CCAAATCGACATCATATTTGCGGAGGCCCTTCTCGATAG T TAACATCACARATTATATAT
P K A TT VYV G G P L A I L @ L T *» Y I
L N L g L I F A E P F L * *» N Y H K I Y
T * 8 ¥ ¥y L RRR &S5 8D TITTHNDLIY

ATAATCATATACTAACTTTAATTAATATCCCAARACCTCC T TAATGTTTT T T T T I T I
Yy * ¥ 1 I § I v * L R K S8 8 NCUP F F P
I ¥ T Y § ¢ F ¥ NY G K P P I V F F F F

I L I H N F N I I AKOQUL P L P F P P
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HUMAN VIRUS CAUSING RESPIRATORY
TRACT INFECTION AND USES THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. application Ser.
No. 10/895,064, filed Jul. 21, 2004, now U.S. Pat. No. 7,553,
944, which is hereby incorporated by reference in its entirety.

SEQUENCE LISTING

The Sequence listing for this application is labeled “seq-
list.txt”, which was created on Jul. 21, 2004, and is 1,548 KB.
The entire contents is incorporated herein by reference in its
entirety.

1. INTRODUCTION

The present invention relates to a novel virus causing res-
piratory tract infection in humans [“coronavirus-HKU1
(CoV-HKU1)”]. The CoV-HKUT is identified to be phyloge-
netically similar to known members of Coronaviridae. The
present invention relates to a nucleotide sequence comprising
the complete genomic sequence or the CoVHKUI. The
invention further relates to nucleotide sequences comprising
a portion of the genomic sequence of the CoV-HKUI. The
invention also relates to the deduced amino acid sequences of
the complete genome of the CoV-HKUI. The invention fur-
ther relates to the nucleic acids and peptides encoded by
and/or derived from these sequences and their use in diagnos-
tic methods and therapeutic methods, such as for immuno-
gens. The invention further encompasses chimeric or recom-
binant viruses encoded by said nucleotide sequences and
antibodies directed against polypeptides encoded by the
nucleotide sequence. Furthermore, the invention relates to
vaccine preparations comprising the CoV-HKUI recombi-
nant and chimeric forms of said virus as well as protein
extracts and subunits of said virus.

2. BACKGROUND OF THE INVENTION

In January, 2004, a 71-year-old Chinese man was admitted
to hospital because of fever and chills for two days associated
with sore throat, rhinorrhoea, productive cough with purulent
sputum, headache and nausea. He had history of pulmonary
tuberculosis more than 40 years ago complicated by cicatri-
zation of right upper lobe and bronchiectasis with chronic
Pseudomonas aeruginosa colonization of airways. He was a
chronic smoker and also had chronic obstructive airway dis-
ease, hyperlipidemia, and asymptomatic abdominal aortic
aneurysm. He had just returned from Shenzhen of China three
days before admission. During his three-day trip to Shenzhen,
he had no history of contact with or consumption of wild
animals. On admission, his oral temperature was 37.6° C.
Physical examination showed tracheal deviation to the right
and inspiratory crackles over the anterior left lower zone. His
haemoglobin level was 14.7 g/dL, total white cell count 12.1x
10°/L, with neutrophil 9.7x10°/L, lymphocyte 1.6x10°/L and
monocyte 0.5x10°/L, and plate count 303x10°/L. His liver
and renal function tests were within normal limits. Chest
radiograph showed right upper lobe collapse and new patchy
infiltrates over the left lower zone. Blood culture was per-
formed. Empirical oral amoxicillin/clavulanate and azithro-
mycin were commenced. Nasopharyngeal aspirates for direct
antigen detection for respiratory viruses, RT-PCR for influ-
enza A virus, human metapneumovirus and SARS-CoV, and
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viral cultures were negative. Sputum for bacterial culture only
recovered P. aeruginosa. Sputum for mycobacterial culture
was negative. Blood culture was negative. Paired sera for
antibodies against Mycoplasma, Chlamydia, Legionella, and
SARS-CoV did not show any rise in antibody titres. His fever
subsided two days after admission. His cough improved and
he was discharged after five days of hospitalization. Amox-
icillin/clavulanate and azithromycin were continued for a
total of seven days. The present inventors were the group
involved in the investigation of this patient. All tests for iden-
tifying commonly recognized viruses and bacteria were nega-
tive in these patients. The etiologic agent responsible for this
disease was not known until the complete genome of CoV-
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

The present invention is based upon the inventor’s com-
plete genome sequencing of a novel virus (“CoV-HKU1”)
causing pneumonia in humans. The virus was discovered
from a patient suffering from pneumonia in Hong Kong. The
virus is a single-stranded RNA virus of positive polarity
which belongs to the order, Nidovirales, of the family, Coro-
naviridae. Accordingly, the invention relates to CoV-HKU1
that phylogenetically relates to known members of Coro-
naviridae. In a specific embodiment, the invention provides
complete genomic sequence of CoV-HKUT. In a preferred
embodiment, the virus comprises a nucleotide sequence of
SEQ ID NO:1 and/or 3. In another specific embodiment, the
invention provides nucleic acids isolated from the virus. The
virus preferably comprises a nucleotide sequence of SEQ ID
NO:1 and/or 3 in its genome. In a specific embodiment, the
present invention provides isolated nucleic acid molecules
comprising or, alternatively, consisting of the nucleotide
sequence of SEQ IDNO:1, acomplement thereofor a portion
thereof, preferably at least 5, 10, 15, 20, 25, 30, 35, 40, 45,
100, 150, 200, 300, 350, or more contiguous nucleotides of
the nucleotide sequence of SEQ ID NO: 1, or a complement
thereof. In another specific embodiment, the present inven-
tion provides isolated nucleic acid molecules comprising or,
alternatively, consisting of the nucleotide sequence of SEQ
ID NO:3, a complement thereof or a portion thereof, prefer-
ably at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200,
300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850,
900, 950, 1,000, 1,050, 1,100, 1,150, 1,200, 2,000, 3,000,
4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000, 11,000,
12,000, 13,000, 14,000, 15,000, 16,000, 17,000, 18,000,
19,000, 20,000, 21,000, 22,000, 23,000, 24,000, 25,000,
26,000, 27,000, 28,000, 29,000 or more contiguous nucle-
otides of the nucleotide sequence of SEQ ID NO:3, or a
complement thereof. Furthermore, in another specific
embodiment, the invention provides isolated nucleic acid
molecules which hybridize under stringent conditions, as
defined herein, to a nucleic acid molecule having the
sequence of SEQ ID NO:1 or 3, or a complement thereof. In
preferred embodiments, such nucleic acid molecules encode
amino acid sequences that have biological activities exhibited
by the polypeptides encoded by the nucleotide sequence of
SEQ ID NO:1 or 3. In another specific embodiment, the
invention provides isolated polypeptides or proteins that are
encoded by a nucleic acid molecule comprising or, alterna-
tively consisting of a nucleotide sequence thatis at least 5, 10,
15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, or more
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contiguous nucleotides of the nucleotide sequence of SEQ ID
NO:1, or a complement thereof. In yet another specific
embodiment, the invention provides isolated polypeptides or
proteins that are encoded by a nucleic acid molecule com-
prising or, alternatively consisting of a nucleotide sequence
thatis at least 5, 10. 15, 20, 25, 30, 35, 40, 45, 100, 150, 200,
300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850,
900, 950, 1,000, 1,050, 1,100, 1,150, 1,200, 2,000, 3,000,
4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000, 11,000,
12,000, 13,000, 14,000, 15,000, 16,000, 17,000, 18,000,
19,000, 20,000, 21,000, 22,000, 23,000, 24,000, 25,000,
26,000, 27,000, 28,000, 29,000 or more contiguous nucle-
otides of the nucleotide sequence of SEQ ID NO:3, or a
complement thereof. The polypeptides or proteins include
those having the 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-HKU], including viral proteins
isolated from cells infected with the virus but not present in
comparable uninfected cells. The polypeptides or the proteins
of the present invention preferably have a biological activity
of the protein (including antigenicity and/or immunogenic-
ity) encoded by the nucleotide sequence that is at least 5, 10,
15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, or more
contiguous nucleotides of the nucleotide sequence of SEQ ID
NO:1. In other embodiments, the polypeptides or the proteins
of the present invention have a biological activity of the
protein (including antigenicity and/or immunogenicity)
encoded by a nucleotide sequence that is atleast 5, 10, 15, 20,
25,30,35,40,45, 100, 150, 200,300, 350, 400,450,500, 550,
600, 650, 700, 750, 800, 850, 900, 950, 1,000, 1,050, 1,100,
1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000,
9,000, 10,000, 11,000, 12,000, 13,000, 14,000, 15,000,
16,000, 17,000, 18,000, 19,000, 20,000, 21,000, 22,000,
23,000, 24,000, 25,000, 26,000, 27,000, 28,000, 29,000 or
more contiguous nucleotides of the nucleotide sequence of
SEQ ID NO:3, or a complement thereof.

In one aspect, the invention relates to the use of CoV-
HKUT1 for diagnostic methods. In a specific embodiment, the
invention provides a method of detecting in a biological
sample an antibody that immunospecifically binds to the
CoV-HKUI, or any proteins or polypeptides thereof. In
another specific embodiment, the invention provides a
method of detecting in a biological sample an antibody that
immunospecifically binds to the CoV-HKU 1 -infected cells.
In yet another specific embodiment, the invention provides a
method of screening for an antibody that immunospecifically
binds and neutralizes CoV-HKU1. Such an antibody is useful
for a passive immunization or immunotherapy of a subject
infected with CoV-HKUT.

The invention further relates to the use of the sequence
information of the isolated virus for diagnostic methods. In a
specific embodiment, the invention provides nucleic acid
molecules which are suitable for use as primers consisting of
or comprising the nucleotide sequence of SEQ ID NO:1 or 3,
a complement thereof, or at least a portion of the nucleotide
sequence thereof. In another specific embodiment, the inven-
tion provides nucleic acid molecules which are suitable for
hybridization to CoV-HKU1 nucleic acid, including, but not
limited to, as PCR primers, Reverse Transcriptase primers,
probes for Southern or Northern analysis or other nucleic acid
hybridization analysis for the detection of CoV-HKU1
nucleic acids, e.g., consisting of or comprising the nucleotide
sequence of SEQ ID NO:1 or 3, a complement thereof, or a
portion thereof.

The invention further provides antibodies that specifically
bind a polypeptide of the invention encoded by the nucleotide
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sequence of SEQ ID NO:1 or 3 or a fragment thereof, includ-
ing 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 conditions to the nucleotide
sequence of SEQ ID NO:1 or 3 and/or any CoV-HKU!
epitope, having one or more biological activities of a polypep-
tide of the invention. The invention further provides antibod-
ies that specifically bind cells or tissues that are infected by
CoV-HKUI. Such antibodies include, but are not limited to
polyclonal, monoclonal, bi-specific, multi-specific, human,
humanized, chimeric antibodies, single chain antibodies, Fab
fragments, F(ab'), fragments, disulfide-linked Fvs, intrabod-
ies and fragments containing either a VL or VH domain or
even a complementary determining region (CDR) that spe-
cifically binds to a polypeptide of the invention.

In one embodiment, the invention provides methods for
detecting the presence, activity or expression of the CoV-
HKUT1 of the invention in a biological material, such as cells,
blood, saliva, urine, and so forth. The increased or decreased
activity or expression of the CoV-HKU1 in a sample relative
to a control sample can be determined by contacting the
biological material with an agent which can detect directly or
indirectly the presence, activity or expression of the CoV-
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.

In another embodiment, the invention provides vaccine
preparations, comprising the CoV-HKU1 recombinant and
chimeric forms of said virus, or protein subunits of the virus.
In a specific embodiment, the present invention provides
methods of preparing recombinant or chimeric forms of CoV-
HKUL. In another specific invention, the vaccine prepara-
tions of the present invention comprise a nucleic acid or
fragment of the CoV-HKUT1, or nucleic acid molecules hav-
ing the sequence of SEQ ID NO:1 or 3, or a fragment thereof.
In another embodiment, the invention provides vaccine
preparations comprising one or more polypeptides isolated
from or produced from nucleic acid of CoV-HKUI1. In a
specific embodiment, the vaccine preparations comprise a
polypeptide of the invention encoded by the nucleotide
sequence of SEQ IDNO:1 or 3, or a fragment thereof, includ-
ing the polypeptides having the amino acid sequences of SEQ
ID NO:2 or SEQ ID NOS:34-2918 shown in FIGS. 2 and 3,
respectively. Furthermore, the present invention provides
methods for treating, ameliorating, managing or preventing
respiratory tract infections caused by CoV-HKU1 by admin-
istering to a subject in need thereof the anti-viral agents of the
present invention, alone or in combination with various anti-
viral agents as well as adjuvants, and/or other pharmaceuti-
cally acceptable excipients.

In another aspect, the present invention provides methods
for preventing or inhibiting, under a physiological condition,
binding to ahost cell, or infection of a host cell, or replication
in a host cell, of CoV-HKU1 or a virus comprising a nucleic
acid molecule comprising the nucleotide sequence of SEQ ID
NO:1 or 3 or a complement thereof, by administering to the
host cell the anti-viral agents of the present invention, alone or
in combination with other anti-viral agents. In a specific
embodiment, the anti-viral agent of the invention includes the
immunogenic preparations of the invention or an antibody
that immunospecifically binds CoV-HKU1 or any CoV-
HKU1 epitope and/or neutralizes CoV-HKUI. In another
specific embodiment, the anti-viral agent is a polypeptide or
protein of the present invention or a nucleic acid molecule of



US 8,092,994 B2

5

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 pro-
vides kits containing a pharmaceutical composition of the
present invention.

3.1 Definitions

The term “an antibody or an antibody fragment that immu-
nospecifically binds a polypeptide of the invention” as used
herein refers to an antibody or a fragment thereof that immu-
nospecifically binds to the polypeptide encoded by the nucle-
otide sequence of SEQ ID NO:1 or 3, or a fragment thereof,
and does not non-specifically bind to other polypeptides. An
antibody or a fragment thereof that immunospecifically binds
to the polypeptide of the invention may cross-react with other
antigens. Preferably, an antibody or a fragment thereof that
immunospecifically binds to a polypeptide of the invention
does not cross-react with other antigens. An antibody or a
fragment thereof that immunospecifically binds to the
polypeptide of the invention, can be identified by, for
example, immunoassays or other techniques known to those
skilled in the art.

An “isolated” or “purified” peptide or protein is substan-
tially free of cellular material or other contaminating proteins
from the cell or tissue source from which the protein is
derived, or substantially free of chemical precursors or other
chemicals when chemically synthesized. The language “sub-
stantially free of cellular material” includes preparations of a
polypeptide/protein in which the polypeptide/protein is sepa-
rated from cellular components of the cells from which it is
isolated or recombinantly produced. Thus, a polypeptide/
protein that is substantially free of cellular material includes
preparations of the polypeptide/protein having less than
about 30%, 20%, 10%, 5%, 2.5%, or 1%, (by dry weight) of
contaminating protein. When the polypeptide/protein is
recombinantly produced, it is also preferably substantially
free of culture medium, i.e., culture medium represents less
than about 20%, 10%, or 5% of the volume of the protein
preparation. When polypeptide/protein is produced by
chemical synthesis, it is preferably substantially free of
chemical precursors or other chemicals, i.e., it is separated
from chemical precursors or other chemicals which are
involved in the synthesis of the protein. Accordingly, such
preparations of the polypeptide/protein have less than about
30%, 20%, 10%, 5% (by dry weight) of chemical precursors
or compounds other than polypeptide/protein fragment of
interest. In a preferred embodiment of the present invention,
polypeptides/proteins are isolated or purified.

An “isolated” nucleic acid molecule is one which is sepa-
rated from other nucleic acid molecules which are present in
the natural source of the nucleic acid molecule. Moreover, an
“isolated” nucleic acid molecule, such as a cDNA molecule,
can be substantially free of other cellular material, or culture
medium when produced by recombinant techniques, or sub-
stantially free of chemical precursors or other chemicals
when chemically synthesized. In a preferred embodiment of
the invention, nucleic acid molecules encoding polypeptides/
proteins of the invention are isolated or purified. The term
“isolated” nucleic acid molecule does not include a nucleic
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acid that is a member of a library that has not been purified
away from other library clones containing other nucleic acid
molecules.

The term “portion” or “fragment” as used herein refers to a
fragment of a nucleic acid molecule containing at least about
10, 15, 25, 30, 35, 40, 45, 100, 150, 200, 250, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000,
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,
4360, 4,370, 4,380 amino acid residues in length of the
relevant protein or polypeptide and having at least one func-
tional feature of the protein or polypeptide.

The term “having a biological activity of the protein” or
“having biological activities of the polypeptides of the inven-
tion” refers to the characteristics of the polypeptides or pro-
teins having a common biological activity similar or identical
structural domain and/or having sufficient amino acid identity
to the polypeptide encoded by the nucleotide sequence of
SEQ 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 polypeptides of the inven-
tion include antigenicity and immunogenicity.

The term “under stringent condition” refers to hybridiza-
tion and washing conditions under which nucleotide
sequences having at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, or at least 95% identity to each other
remain hybridized to each other. Such hybridization condi-
tions are described in, for example but not limited to, Current
Protocols in Molecular Biology, John Wiley & Sons, N.Y.
(1989), 6.3.1-6.3.6.; Basic Methods in Molecular Biology,
Elsevier Science Publishing Co., Inc., N.Y. (1986), pp. 75-78,
and 84-87; and Molecular Cloning, Cold Spring Harbor
Laboratory, N.Y. (1982), pp. 387-389, and are well known to
those skilled in the art. A preferred, non-limiting example of
stringent hybridization conditions is hybridization in 6x
sodium chloride/sodium citrate (SSC), 0.5% SDS at about
68° C. followed by one or more washes (e.g., about 5 to 30
min each) in 2xSSC, 0.5% SDS at room temperature. Another
preferred, non-limiting example of stringent hybridization
conditions is hybridization in 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.

The term “variant” as used herein refers either to a natu-
rally occurring genetic mutant of CoV-HKUT1 or a recombi-
nantly prepared variation of CoV-HKUT1 each of which con-
tain one or more mutations in its genome compared to CoV-
HKUI1. The term “variant” may also refers either to a
naturally occurring variation of a given peptide or a recom-
binantly prepared variation of a given peptide or protein in
which one or more amino acid residues have been modified
by amino acid substitution, addition, or deletion.

4. DESCRIPTION OF FIGURES

FIG. 1 shows a partial DNA sequence (SEQ ID NO:1) and
its deduced amino acid sequence (SEQ 1D NO:2) obtained
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from CoV-HKUI that has 91% amino acid identity to the
RNA-dependent RNA polymerase protein of known Coro-
naviruses.

FIG. 2 shows the entire genomic DNA sequence (SEQ 1D
NO:3) of CoV-HKU1 and its deduced amino acid sequences
therefrom in three frames. An asterisk (*) indicates 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.

FIG. 3 shows the complement (SEQ ID NO: 1319) of the
entire genomic DNA sequence (SEQ ID NO:3) of CoV-
HKU1 in 3'—3" orientation and its deduced amino acid
sequences therefrom in three frames. An asterisk (*) indicates
astop codon which marks theend of a peptide. The first-frame
translation and amino acid sequences: SEQ 1D NOS:1319-
1907, the second-frame translation and amino acid
sequences: SEQ ID NO:1908-2453; and the third-frame
translation and amino acid sequences: SEQ 1D NOS:2454-
2918.

FIG. 4 shows the genome organization of CoV-HKUI.
Arrows indicate the putative cleavage sites of the polyprotein
encoded by ORF 1a and ORF 1b. The peptides are shown in
SEQ ID NOS:15-17, respectively. in order of appearance.

FIG. 5A shows the phylogenetic analysis of the chymot-
rypsin like protease (3CL?"), replicase (Rep), helicase (Hel),
and hemagglutinin esterase (HE); and FIG. 5B shows that of
the spike (S), envelope (E), membrane (M), and nucleocapsid
(N) proteins of CoV-HKUI. The trees were constructed by
the neighbor joining method using the Jukes-Cantor correc-
tion and bootstrap values were calculated from 1000 trees. A
total of 303, 928, 603, 386, 1356, 82, 223 and 441 amino acid
positions in 3CL#™, Rep, Hel, HE, S, E, M, and N respec-
tively were included in the analysis. The scale bar indicates
the estimated number of substitutions per 10 amino acids.

FIG. 6 shows the important features of the S protein of
CoV-HKUI (residues 7-336 of SEQ ID NO:420) in compari-
son with those of other viruses, i.e., HCoV-OC43 (human
coronavirus OC43; SEQ ID NO:21), MHV (murine hepatitis
virus; SEQ ID NO:22), SDAV (rat sialodacryoadenitis
encephalomyelitis virus; SEQ ID NO:23), BCoV (bovine
coronavirus; SEQ ID NO:24), PHEV (porcine hemaggluti-
nating encephalomyelitis virus; SEQ ID NO:25), and ECoV
(equine coronavirus; SEQ ID NO:26). The cleavage site pep-
tides are shown in residues 752-766 of SEQ ID NO:420 and
SEQ ID NOS:28-33, respectively. in order of appearance.

FIG. 7 shows the sequential quantitative RT-PCR (closed
squares; copies/ml) for CoV-HKU] in nasopharyngeal aspi-
rates; and serum IgG antibody titers against N protein of
CoV-HKUI (closed triangles).

FIG. 8 shows the Western blot analysis of purified recom-
binant CoV-HKU1 N protein antigen. Prominent immunore-
active protein bands of about 53 kDa were detected by the
Western blot using the patient’s sera obtained during the
second and fourth weeks of the illness (lanes 2 and 3). Only
very faint bands were observed with the serum samples
obtained from the patient during the first week of the illness
(lane 1) and two healthy blood donors (lane 4 and 5), respec-
tively.

5. DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to the CoV-HKU1 that phy-
logenetically relates to known Coronaviruses. In a specific
embodiment, CoV-HKU1 comprises a nucleotide sequence
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of SEQ ID NO:1 and/or 3. In a specific embodiment. the
present invention provides isolated nucleic acid molecules of
the CoV-HKU1, comprising, or, alternatively, consisting of
the nucleotide sequence of SEQ ID NO:1 and/or 3, a comple-
ment thereof or a portion thereof. In another specific embodi-
ment, the invention provides isolated nucleic acid molecules
which hybridize under stringent conditions, as defined herein,
to a nucleic acid molecule having the sequence of SEQ ID
NO:1 or 3, or specific genes of known member of Coronaviri-
dae, or a complement thereof. In another specific embodi-
ment, the invention provides isolated polypeptides or proteins
that are encoded by a nucleic acid molecule comprising a
nucleotide sequence that 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, alterna-
tively consisting of a nucleotide sequence thatis at least 5, 10,
15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450,
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000,
7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000,
15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000,
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000,
29,000 or more contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:3, or a complement thereof. The
polypeptides or the proteins of the present invention prefer-
ably have one or more biological activities of the proteins
encoded by the sequence of SEQ ID NO:1, 3, or the native
viral proteins containing the amino acid sequences encoded
by the sequence of SEQ ID NO:1 or 3.

The invention further relates to the use of the sequence
information of the isolated virus for diagnostic and therapeu-
tic methods. In a specific embodiment, the invention provides
the entire nucleotide sequence of CoV-HKU1 (SEQ ID
NO:3), or fragments, or complement thereof. Furthermore,
the present invention relates to a nucleic acid molecule that
hybridizes any portion of the genome of the CoV-HKU1
(SEQ ID NO:3) under the stringent conditions. In a specific
embodiment, the invention provides nucleic acid molecules
which are suitable for use as primers consisting of or com-
prising the nucleotide sequence of SEQ ID NO:1 or 3, or a
complement thereof, or a portion thereof. In another specific
embodiment, the invention provides nucleic acid molecules
which are suitable for use as hybridization probes for the
detection of nucleic acids encoding a polypeptide of the
invention, consisting of or comprising the nucleotide
sequence of SEQ ID NO:1 or 3, a complement thereof, or a
portion thereof. The invention further encompasses chimeric
or recombinant viruses or viral proteins encoded by said
nucleotide sequences.

The invention further provides antibodies that specifically
bind a polypeptide of the invention encoded by the nucleotide
sequence of SEQ ID NO:1 or 3, or a fragment thereof, or any
CoV-HKU]1 epitope as well as the polypeptides having the
amino acid sequences of SEQ ID NO:2 and SEQ ID NOS:
34-2918, respectively, shown in FIGS. 2 and 3. Such antibod-
ies include, but are not limited to polyclonal, monoclonal,
bi-specific, multi-specific, human, humanized, chimeric anti-
bodies, single chain antibodies, Fab fragments, F(ab'), frag-
ments, disulfide-linked Fvs, intrabodies and fragments con-
taining either a VL or VH domain or even a complementary
determining region (CDR) that specifically binds to a
polypeptide of the invention.

In one embodiment, the invention provides methods for
detecting the presence, activity or expression of the CoV-
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HKUT of the invention in a biological material, such as cells,
blood, saliva, urine, sputum, nasopharyngeal aspirates, and so
forth. The presence of the CoV-HKUI 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.

In another embodiment, the invention provides vaccine
preparations comprising the CoV-HKU!1 recombinant and
chimeric forms of said virus, or subunits of the virus.

The present invention further provides methods of prepar-
ing recombinant or chimeric forms of CoV-HKUT. In another
specific embodiment, the vaccine preparations of the present
invention comprise one or more nucleic acid molecules com-
prising or consisting of the sequence of SEQ ID NO:1 and/or
3, or a fragment thereof. In another embodiment, the inven-
tion provides vaccine preparations comprising one or more
polypeptides of the invention encoded by a nucleotide
sequence comprising or consisting of the nucleotide sequence
of SEQIDNO:1 and/or 3, or a fragment thereof, including the
polypeptides having the amino acid sequences of SEQ ID
NO:2 or SEQ ID NOS:34-2918 shown in FIGS. 2 and 8.
Furthermore, the present invention provides methods for
treating, ameliorating, managing, or preventing respiratory
tract infections by administering to a subject in need thereof
the anti-viral agents of the present invention, alone or in
combination with other antivirals [e.g., amantadine, rimanta-
dine, gancyclovir, acyclovir, ribavirin, penciclovir, oselta-
mivir, foscarnet zidovudine (AZT), didanosine (ddI), lamivu-
dine (3TC), zalcitabine (ddC), stavudine (d4T), nevirapine,
delavirdine, indinavir, ritonavir, vidarabine, nelfinavir,
saquinavir, relenza, tamiftu, pleconaril, interferons, etc.], ste-
roids and corticosteroids such as prednisone, cortisone, flu-
ticasone and glucocorticoid, antibiotics, analgesics, bron-
chodialaters, or other treatments for respiratory and/or viral
infections. In one aspect, the anti-viral agent of the present
invention prevents or inhibit the binding of the virus or viral
proteins to a host cell under a physiological condition,
thereby preventing or inhibiting the infection of the host cell
by the virus. In another aspect, the anti-viral agent of the
invention prevents or inhibits replication of the viral nucleic
acid molecules in the host cell under a physiological condi-
tion by interacting with the viral nucleic acid molecules or its
transcription mechanisms. In a specific embodiment, the anti-
viral agent of the invention includes the vaccine or immuno-
genic preparations of the invention or an antibody that immu-
nospecifically binds CoV-HKU1 or any CoV-HKUT epitope
and may neutralizes CoV-HKU1. In another specific embodi-
ment, the anti-viral agent is a polypeptide or protein of the
invention or a nucleic acid molecule of the invention. In
addition, the present invention provides a method of prevent-
ing or inhibiting replication in a host cell of a nucleic acid
molecule having the nucleotide sequence of SEQ ID NO:1
and/or 3, or inhibiting the activities of the polypeptides
encoded by the nucleotide sequence of SEQ ID NO:1 and/or
3, a complement thereof, or a portion thereof, including the
polypeptides having the amino acid sequence of SEQ ID
NO:2 or SEQ ID NO:34-2918 shown in FIGS. 2 and 8, by
administering to said host cell the anti-viral agent of the
invention. In a specific embodiment the host cell is a mam-
malian cell, such as a cell of humans, primates, horses, cows,
sheep, pigs, goats, dogs, cats, arivan species and rodents.
Preferably, the cell is a primate cell and most preferably a
human cell.
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Furthermore, the present invention provides pharmaceuti-
cal compositions comprising anti-viral agents of the present
invention and a pharmaceutically acceptable carrier. The
present invention also provides kits comprising pharmaceu-
tical compositions of the present invention.

5.1 Recombinant and Chimeric CoV-HKU1

The present invention encompasses recombinant or chi-
meric viruses encoded by viral vectors derived from the
genome of CoV-HKUT or natural variants thereof. In a spe-
cific embodiment, a recombinant virus is one derived from the
CoV-HKUI. Ina specific embodiment, the virus has a nucle-
otide sequence of SEQ ID NO:3. In another specific embodi-
ment, a recombinant virus is one derived from a natural vari-
ant of CoV-HKUI. A natural variant of CoV-HKU1 has a
sequence that is different from the genomic sequence (SEQ
ID NO:3) of CoV-HKUI, due to one or more naturally
occurred mutations, including, but not limited to, point muta-
tions, rearrangements, insertions, deletions etc., to the
genomic sequence that may or may not result in a phenotypic
change. In accordance with the present invention, a viral
vector which is derived from the genome of the CoV-HKU, is
one that contains a nucleic acid sequence that encodes at least
a part of one ORF of the CoV-HKUT1. In a specific embodi-
ment, the ORF comprises or consists of a nucleotide sequence
of SEQ ID NO:1 or a fragment thereof. In a specific embodi-
ment, there are more than one ORF within the nucleotide
sequence of SEQ ID NQO:3, or a fragment thereof. In another
embodiment, the polypeptides encoded by the ORF com-
prises or consists of amino acid sequences of SEQ ID NO:34-
2918 shown in FIGS. 2 and 8, or SEQ ID NO:2, or a fragment
thereof. In accordance with the present invention these viral
vectors may or may not include nucleic acids that are non-
native to the viral genome.

In another specific embodiment, a chimeric virus of the
invention is a recombinant CoV-HKU1 which further com-
prises a heterologous nucleotide sequence. In accordance
with the invention, a chimeric virus may be encoded by a
nucleotide sequence in which heterologous nucleotide
sequences have been added to the genome or in which endog-
enous or native nucleotide sequences have been replaced with
heterologous nucleotide sequences.

According to the present invention, the chimeric viruses
are encoded by the viral vectors of the invention which further
comprise a heterologous nucleotide sequence. In accordance
with the present invention a chimeric virus is encoded by a
viral vector that may or may not include nucleic acids that are
non-native to the viral genome. In accordance with the inven-
tion a chimeric virus is encoded by a viral vector to which
heterologous nucleotide sequences have been added, inserted
or substituted for native or non-native sequences. In accor-
dance with the present invention, the chimeric virus may be
encoded by nucleotide sequences derived from different
strains or variants of CoV-HKUI. In particular, the chimeric
virus is encoded by nucleotide sequences that encode anti-
genic polypeptides derived from different strains or variants
of CoV-HKUT1.

A chimeric virus may be of particular use for the generation
of recombinant vaccines protecting against two or more
viruses (Tao et al., 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-HKUT, or vice versa, will protect
a subject vaccinated with such vector against infections by
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both the native CoV-HKUI 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.

In accordance with the present invention the heterologous
sequence to be incorporated into the viral vectors encoding
the recombinant or chimeric viruses of the invention include
sequences obtained or derived from different strains or vari-
ants of CoV-HKU1.

In certain embodiments, the chimeric or recombinant
viruses of the invention are encoded by viral vectors derived
from viral genomes wherein one or more sequences, inter-
genic regions, termini sequences, or portions or entire ORE
have been substituted with a heterologous or non-native
sequence. In certain embodiments of the invention, the chi-
meric viruses of the invention are encoded by viral vectors
derived from viral genomes wherein one or more heterolo-
gous sequences have been inserted or added to the vector.

The selection of the viral vector may depend on the species
of the subject that is to be treated or protected from a viral
infection.

In accordance with the present invention, the viral vectors
can be engineered to provide antigenic sequences which con-
fer protection against infection by the CoV-HKU1 and natural
variants thereof. The viral vectors may be engineered to pro-
vide one, two, three or more antigenic sequences. In accor-
dance with the present invention the antigenic sequences may
be derived from the same virus, from different strains or
variants of the same type of virus, or from different viruses.

The expression products and/or recombinant or chimeric
virions obtained in accordance with the invention may advan-
tageously be utilized in vaccine formulations. The expression
products and chimeric virions ofthe present invention may be
engineered to create vaccines against a broad range of patho-
gens, including viral and bacterial antigens, tumor antigens,
allergen antigens, and auto antigens involved in autoimmune
disorders. In particular, the chimeric virions of the present
invention may be engineered to create vaccines for the pro-
tection of a subject from infections with CoV-HKU1 and
variants thereof.

In certain embodiments, the expression products and
recombinant or chimeric virions of the present invention may
be engineered to create vaccines against a broad range of
pathogens, including viral antigens, tumor antigens and
autoantigens involved in autoimmune disorders. One way to
achieve this goal involves modifying existing CoV-HKU1
genes to contain foreign sequences in their respective external
domains. Where the heterologous sequences are epitopes or
antigens of pathogens, these chimeric viruses may be used to
induce a protective immune response against the disease
agent from which these determinants are derived.

Thus, the present invention relates to the use of viral vec-
tors and recombinant or chimeric viruses to formulate vac-
cines against a broad range of viruses and/or antigens. The
present invention also encompasses recombinant viruses
comprising a viral vector derived from the CoV-HKU1 or
variants thereof which contains sequences which result in a
virus having a phenotype more suitable for use in vaccine
formulations. The mutations and modifications can be in cod-
ing regions, in intergenic regions and in the leader and trailer
sequences of the virus.

The invention provides a host cell comprising a nucleic
acid or a vector according to the invention. Plasmid or viral
vectors containing the polymerase components of CoV-
HKUT1 are generated in prokaryotic cells for the expression of
the components in relevant cell types (bacteria, insect cells,
eukaryotic cells). Plasmid or viral vectors containing full-
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length or partial copies of the CoV-HKU!1 genome will be
generated in prokaryotic cells for the expression of viral
nucleic acids in-vitro or in-vivo. The latter vectors may con-
tain other viral sequences for the generation of chimeric
viruses or chimeric virus proteins, may lack parts of the viral
genome for the generation of replication defective virus, and
may contain mutations, deletions or insertions for the genera-
tion of attenuated viruses.

In addition, eukaryotic cells, transiently or stably express-
ing one or more full-length or partial CoV-HKU1 proteins can
be used. Such cells can be made by transfection (proteins or
nucleic acid vectors), infection (viral vectors) or transduction
(viral vectors) and may be useful for complementation of
mentioned wild type, attenuated, replication-defective or chi-
meric viruses.

The viral vectors and chimeric viruses of the present inven-
tion may be used to modulate a subject’s immune system by
stimulating a humoral immune response, a cellular immune
response or by stimulating tolerance to an antigen. As used
herein, a subject means: humans, primates, horses, cows,
sheep, pigs, goats, dogs, cats, avian species and rodents.

5.2 Formulation of Vaccines and Antivirals

In a preferred embodiment, the invention provides a pro-
teinaceous molecule or CoV-HKUT1 specific viral protein or
functional fragment thereof encoded by a nucleic acid
according to the invention. Useful proteinaceous molecules
are for example derived from any of the genes or genomic
fragments derivable from the virus according to the invention,
including envelop protein (E protein), integral membrane
protein (M protein), spike protein (S protein), nucleocapsid
protein (N protein), hemagglutinin esterase (HE protein), and
RNA-dependent RNA polymerase. Such molecules, or anti-
genic fragments thereof, as provided herein, are for example
useful in diagnostic methods or kits and in pharmaceutical
compositions such as subunit vaccines. Particularly useful are
polypeptides encoded by the nucleotide sequence of SEQ ID
NO:1 or 3, including the polypeptides having the amino acid
sequences of SEQ ID NOS:34-2918 in FIGS. 2 and 8, or SEQ
ID NO:2, or antigenic fragments thereof for inclusion as
antigen or subunit immunogen, but inactivated whole virus
can also be used. Particularly useful are also those proteina-
ceous substances that are encoded by recombinant nucleic
acid fragments of the CoV-HKUI1 genome; of course pre-
ferred are those that are within the preferred bounds and
metes of ORFs, in particular, for eliciting CoV-HKU1 spe-
cific antibody or T cell responses, whether in vivo (e.g. for
protective or therapeutic purposes or for providing diagnostic
antibodies) or in vitro (e.g. by phage display technology or
another technique useful for generating synthetic antibodies).

The invention provides vaccine formulations for the pre-
vention and treatment of infections with CoV-HKUI. In cer-
tain embodiments, the vaccine of the invention comprises
recombinant and chimeric viruses of the CoV-HKUT.

Inanother aspect, the present invention also provides DNA
vaccine fornulations comprising a nucleic acid or fragment
of the CoV-HKU]I, or nucleic acid molecules having the
sequence of SEQ ID NO:1 or 3, or a fragment thereof. In
another specific embodiment, the DNA vaccine formulations
of the present invention comprises a nucleic acid or fragment
thereof encoding the antibodies which immunospecifically
binds CoV-HKU1. In DNA vaccine formulations, a vaccine
DNA comprises a viral vector, such as that derived from the
CoV-HKU]I, bacterial plasmid, or other expression vector,
bearing an insert comprising a nucleic acid molecule of the
present invention operably linked to one or more control
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elements, thereby allowing expression of the vaccinating pro-
teins encoded by said nucleic acid molecule in a vaccinated
subject. Such vectors can be prepared by recombinant DNA
technology as recombinant or chimeric viral vectors carrying
a nucleic acid molecule of the present invention.

Various heterologous vectors are described for DNA vac-
cinations against viral infections. For example, the vectors
described in the following references may be used to express
CoV-HKUT1 sequences instead of the sequences of the viruses
or other pathogens described; in particular, vectors described
for hepatitis B virus (Michel, M. L. et al., 1995, DAN-medi-
ated immunization to the hepatitis B surface antigen in mice:
Aspects of the humoral response mimic hepatitis B viral
infection in humans, Proc. Natl. Aca. Sci. USA 92:5307-5311;
Davis, H. L. et al., 1993, DNA-based immunization induces
continuous seretion of hepatitis B surface antigen and high
levels of circulating antibody, Human Molec. Genetics
2:1847-1851), HIV virus (Wang, B. et al., 1993, Gene inocu-
lation generates immune responses against human immuno-
deficiency virus type 1, Proc. Natl. Acad. Sci. US4 90:4156-
4160; Lu, S. et al., 1996, Simian immunodeficiency virus
DNA vaccine trial in macques, J. Virol 70:3978-3991;
Letvin,N. L. etal., 1997, Potent, protective anti-HIV immune
responses generated by bimodal HIV envelope DNA plus
protein vaccination, Proc Natl Acad Sci USA. 94(17):9378-
83), and influenza viruses (Robinson, H L et al., 1993, Pro-
tection against a lethal influenza virus challenge by immuni-
zation with a haemagglutinin-expressing plasmid DNA,
Vaccine 11:957-960; Ulmer, I. B. et al., Heterologous protec-
tion against influenza by injection of DNA encoding a viral
protein, Science 259:1745-1749), as well as bacterial infec-
tions, such as tuberculosis (Tascon, R. E. et al., 1996, Vacci-
nation against tuberculosis by DNA injection, Nature Med.
2:888-892; Huygen, K. et al., 1996, Immunogenicity and
protective efficacy of a tuberculosis DNA vaccine, Nature
Med., 2:893-898), and parasitic infection, such as malaria
(Sedegah, M., 1994, Protection against malaria by immuni-
zation with plasmid DNA encoding circumsporozoite pro-
tein, Proc. Natl. Acad. Sci. USA 91:9866-9870; Doolan, D. L.
et al., 1996, Circumventing genetic restriction of protection
against malaria with multigene DNA immunization: CD8+ T
cell-interferon 9, and nitric oxide-dependent immunity, J.
Exper. Med., 1183:1739-1746).

Many methods may be used to introduce the vaccine for-
mulations described above. These include, but are not limited
to, oral, intradermal, intramuscular, intraperitoneal, intrave-
nous, subcutaneous, and intranasal routes. Alternatively, it
may be preferable to introduce the chimeric virus vaccine
formulation via the natural route of infection of the pathogen
for which the vaccine is designed. The DNA vaccines of the
present invention may be administered in saline solutions by
injections into muscle or skin using a syringe and needle
(Wolff J. A. et al., 1990, Direct gene transfer into mouse
muscle in vivo, Science 247:1465-1468; Raz, E., 1994, Intra-
dermal gene immunization: The possible role of DNA uptake
in the induction of cellular immunity to viruses, Proc. Natl.
Acd. Sci. USA 91:9519-9523). Another way to administer
DNA vaccines is called “gene gun” method, whereby micro-
scopic gold beads coated with the DNA molecules of interest
is fired into the cells (Tang, D. et al., 1992, Genetic immuni-
zation is a simple method for eliciting an immune response,
Nature 356:152-154). For general reviews of the methods for
DNA vaccines, see Robinson, H. L., 1999, DNA vaccines:
basic mechanism and immune responses (Review), Int. J.
Mol. Med. 4(5):549-555; Barber, B., 1997, Introduction:
Emerging vaccine strategies, Seminars in Immunology 9(5):
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269-270; and Robinson, H. L. et al., 1997, DNA vaccines,
Seminars in Immunology 9(5):271-283.

5.3 Adjuvants and Carrier Molecules

CoV-HKU1-associated antigens are administered with one
or more adjuvants. In one embodiment, the CoV-HKU1 -as-
sociated antigen is administered together with a mineral salt
adjuvants or mineral salt gel adjuvant. Such mineral salt and
mineral salt gel adjuvants include, but are not limited to,
aluminum hydroxide (ALHYDROGEL, REHYDIRAGEL),
aluminum phosphate gel, aluminum hydroxyphosphate
(ADJU-PHOS), and calcium phosphate.

In another embodiment, CoV-HKU1 -associated antigen is
administered with an immunostimulatory adjuvant. Such
class of adjuvants, include, but are not limited to, cytokines
(e.g., interleukin-2, interleukin-7, interleukin-12, granulo-
cyte-macrophage colony stimulating factor (GM-CSF), inter-
fereon-y interleukin-1f (IL-1p), and IL-1{ peptide or Sclavo
Peptide), cytokine-containing liposomes, triterpenoid glyco-
sides or saponins (e.g., QuilA and QS-21, also sold under the
trademark STIMULON, ISCOPREP), Muramy! Dipeptide
(MDP) derivatives, such as N-acetyl-muramyl-[-threonyl-
D-isoglutamine (Threonyl-MDP, sold under the trademark
TERMURTIDE), GMDP, N-acetyl-nor-muramyl-L-alanyl-
D-isoglutamine, N-acetylmuramyl-L-alanyl-D-isoglutami-
nyl-L-alanine-2-(1'-2'-dipaimitoyl-si-glycero-3-hydroxy
phosphoryloxy)-ethylamine, muramy! tripeptide phosphati-
dylethanolamine (MTP-PE), unmethylated CpG dinucle-
otides and oligonucleotides, such as bacterial DNA and frag-
ments thereof, LPS, monophosphoryl Lipid A (3D-MLA sold
under the trademark MPL), and polyphosphazenes.

In another embodiment, the adjuvant used is a particular
adjuvant, including, but not limited to, emulsions, e.g., Fre-
und’s Complete Adjuvant, Freund’s Incomplete Adjuvant,
squalene or squalane oil-in-water adjuvant formulations,
such as SAF and MF59, e.g., prepared with block-copoly-
mers, such as L-121 (polyoxypropylene/polyoxyetheylene)
sold under the trademark PLURONIC L-121, Liposomes,
Virosomes, cochleates, and immune stimulating complex,
which is sold under the trademark ISCOM.

In another embodiment, a microparticular adjuvant is used.
Microparticulare adjuvants include, but are not limited to
biodegradable and biocompatible polyesters, homo- and
copolymers of lactic acid (PLA) and glycolic acid (PGA),
poly(lactide-co-glycolides) (PLGA) microparticles, poly-
mers that self-associate into particulates (poloxamer par-
ticles), soluble polymers (polyphosphazenes), and virus-like
particles (VLPs) such as recombinant protein particulates,
e.g., hepatitis B surface antigen (HbsAg).

Yet another class of adjuvants that may be used include
mucosal adjuvants, including but not limited to heat-labile
enterotoxin from Escherichia coli (LT), cholera holotoxin
(CT) and cholera Toxin B Subunit (CTB) from Vibrio chol-
erae, mutant toxins (e.g., LTK63 and LTR72), microparticles,
and polymerized liposomes.

In other embodiments, any of the above classes of adju-
vants may be used in combination with each other or with
other adjuvants. For example, non-limiting examples of com-
bination adjuvant preparations that can be used to administer
the CoV-HKUT1-associated antigens of the invention include
liposomes containing immunostimulatory protein, cytokines,
or T-cell and/or B-cell peptides, or microbes with or without
entrapped IL-2 or microparticles containing enterotoxin.
Other adjuvants known in the art are also included within the
scope of the invention (see Vaccine Design: The Subunit and
Adjuvant Approach, Chap. 7, Michael F. Powell and Mark J.
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Newman (eds.), Plenum Press, New York, 1995, which is
incorporated herein in its entirety).

The effectiveness of an adjuvant may be determined by
measuring the induction of antibodies directed against an
immunogenic polypeptide containing a CoV-HKU1 polypep-
tide epitope, the antibodies resulting from administration of
this polypeptide in vaccines which are also comprised of the
various adjuvants.

The polypeptides may be formulated into the vaccine as
neutral or salt forms. Pharmaceutically acceptable salts
include the acid additional salts (formed with free amino
groups of the peptide) and which are formed with inorganic
acids, such as, for example, hydrochloric or phosphoric acids,
or organic acids such as acetic, oxalic, tartaric, maleic, and the
like. Salts formed with free carboxyl groups may also be
derived from inorganic bases, such as, for example, sodium
potassium, ammonium, calcium, or ferric hydroxides, and
such organic bases as isopropylamine, trimethylamine,
2-ethylamino ethanol, histidine, procaine and the like.

The vaccines of the invention may be multivalent or uni-
valent. Multivalent vaccines are made from recombinant
viruses that direct the expression of more than one antigen.

Many methods may be used to introduce the vaccine for-
mulations of the invention; these include but are not limited to
oral, intradermal, intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal routes, and via scarification
(scratching through the top layers of skin, e.g., using a bifur-
cated needle).

The patient to which the vaccine is administered is prefer-
ably a mammal, most preferably a human, but can also be a
non-human animal including but not limited to cows, horses,
sheep, pigs, fowl (e.g., chickens), goats, cats, dogs, hamsters,
mice and rats.

5.4 Preparation of Antibodies

Antibodies which specifically recognize a polypeptide of
the invention, such as, but not limited to, polypeptides com-
prising the sequence of SEQ ID NO:2 or any of SEQ ID NOS:
34-2918 or CoV-HKU! epitope, or antigen-binding frag-
ments thereof, can be used for detecting, screening, and iso-
lating the polypeptide of the invention or fragments thereof,
or similar sequences that might encode similar enzymes from
the other organisms. For example, in one specific embodi-
ment, an antibody which immunospecifically binds CoV-
HKU 1 epitope, or a fragment thereof, can be used for various
in vitro detection assays, including enzyme-linked immun-
osorbent assays (ELISA), radioimmunoassays, Western blot,
etc., for the detection of a polypeptide of the invention or,
preferably, CoV-HKU1, in samples, for example, a biological
material, including cells, cell culture media (e.g., bacterial
cell culture media, mammalian cell culture media, insect cell
culture media, yeast cell culture media, etc.), blood, plasma,
serum, tissues, sputum, naseopharyngeal aspirates, etc.

Antibodies specific for a polypeptide of the invention or
any epitope of CoV-HKU1 may be generated by any suitable
method known in the art. Polyclonal antibodies to an antigen-
of-interest, for example, the CoV-HKU1 epitopes or polypep-
tides encoded by a nucleotide sequence of SEQ ID NO:1 or 3,
including the polypeptides shown in FIG. 2 (SEQ ID NOS:
34-1318), FIG. 8 (SEQ ID NOS:1319-2918), as well as SEQ
ID NO:2, can be produced by various procedures well known
in the art. For example, an antigen can be administered to
various host animals including, but not limited to, rabbits,
mice, rats, etc., to induce the production of antisera contain-
ing polyclonal antibodies specific for the antigen. Various
adjuvants may be used to increase the immunological

35

40

45

16

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, keyhole limpet hemocyanins, dini-
trophenol, and potentially useful adjuvants for humans such
as BCG (Bacille Calmette-Guerin) and Corynebacterium
parvum. Such adjuvants are also well known in the art (see
Section 5.4, supra).

Monoclonal antibodies can be prepared using a wide vari-
ety of techniques known in the art including the use of hybri-
doma, recombinant, and phage display technologies, or a
combination thereof. For example, monoclonal antibodies
can be produced using hybridoma techniques including those
known in the art and taught, for example, in Harlow et al.,
Antibodies: A Laboratory Manual, (Cold Spring Harbor
Laboratory Press, 2nd ed. 1988); Hammerling, et al., in:
Monoclonal Antibodies and T-Cell Hybridomas, pp. 563-681
(Elsevier, N.Y., 1981) (both of which are incorporated by
reference in their entireties). The term “monoclonal anti-
body” as used herein is not limited to antibodies produced
through hybridoma technology. The term “monoclonal anti-
body” refers to an antibody that is derived from a single clone,
including any eukaryotic, prokaryotic, or phage clone, and
not the method by which it is produced.

Methods for producing and screening for specific antibod-
ies using hybridoma technology are routine and well known
in the art. In a non-limiting example, mice can be immunized
with an antigen of interest or a cell expressing such an anti-
gen. Once an immune response is detected, e.g., antibodies
specific for the antigen are detected in the mouse serum, the
mouse spleen is harvested and splenocytes isolated. The sple-
nocytes are then fused by well known techniques to any
suitable myeloma cells. Hybridomas are selected and cloned
by limiting dilution. The hybridoma clones are then assayed
by methods known in the art for cells that secrete antibodies
capable of binding the antigen. Ascites fluid, which generally
contains high levels of antibodies, can be generated by inocu-
lating mice intraperitoneally with positive hybridoma clones.

Antibody fragments which recognize specific epitopes
may be generated by known techniques. For example, Fab
and F(ab'"), fragments may be produced by proteolytic cleav-
age of immunoglobulin molecules, using enzymes such as
papain (to produce Fab fragments) or pepsin (to produce
F(ab'), fragments). F(ab'), fragments contain the complete
light chain, and the variable region, the CHI region and the
hinge region of the heavy chain.

The antibodies of the invention or fragments thereof can be
also produced by any method known in the art for the synthe-
sis of antibodies, in particular, by chemical synthesis or pref-
erably, by recombinant expression techniques.

The nucleotide sequence encoding an antibody may be
obtained from any information available to those skilled in
the art (i.e., from Genbank, the literature, or by routine clon-
ing and sequence analysis). If a clone containing a nucleic
acid encoding a particular antibody or an epitope-binding
fragment thereof is not available, but the sequence of the
antibody molecule or epitope-binding fragment thereof is
known, a nucleic acid enceding the immunoglobulin may be
chemically synthesized or obtained from a suitable source
(e.g., an antibody cDNA library, or a cDNA library generated
from, or nucleic acid, preferably poly A+ RNA, isolated from
any tissue or cells expressing the antibody, such as hybridoma
cells selected to express an antibody) by PCR amplification
using synthetic primers hybridizable to the 3' and 5' ends of
the sequence or by cloning using an oligonucleotide probe
specific for the particular gene sequence to identify, e.g., a
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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.

Once the nucleotide sequence of the antibody is deter-
mined, the nucleotide sequence of the antibody may be
manipulated using methods well known in the art for the
manipulation of nucleotide sequences, e.g., recombinant
DNA techniques, site directed mutagenesis, PCR, etc. (see,
for example, the techniques described in Sambrook et al.,
supra; and Ausubel et al., eds., 1998, Current Protocols in
Molecular Biology, John Wiley & Sons, NY, which are both
incorporated by reference herein in their entireties), to gen-
erate antibodies having a different amino acid sequence by,
for example, introducing amino acid substitutions, deletions,
and/or insertions into the epitope-binding domain regions of
the antibodies or any portion of antibodies which may
enhance or reduce biological activities of the antibodies.

Recombinant expression of an antibody requires construc-
tion of an expression vector containing a nucleotide sequence
thatencodes the antibody. Once a nucleotide sequence encod-
ing an antibody molecule or a heavy or light chain of an
antibody, or portion thereof has been obtained, the vector for
the production of the antibody molecule may be produced by
recombinant DNA technology using techniques well known
in the art as discussed in the previous sections. Methods
which are well known to those skilled in the art can be used to
construct expression vectors containing antibody coding
sequences and appropriate transcriptional and translational
control signals. These methods include, for example, in vitro
recombinant DNA techniques, synthetic techniques, and in
vivo genetic recombination. The nucleotide sequence encod-
ing the heavy-chain variable region, light-chain variable
region, both the heavy-chain and light-chain variable regions,
an epitope-binding fragment of the heavy- and/or light-chain
variable region, or one or more complementarity determining
regions (CDRs) of an antibody may be cloned into such a
vector for expression. Thus-prepared expression vector can
be then introduced into appropriate host cells for the expres-
sion of the antibody. Accordingly, the invention includes host
cells containing a polynucleotide encoding an antibody spe-
cific for the polypeptides of the invention or fragments
thereof.

The host cell may be co-transfected with two expression
vectors of the invention, the first vector encoding a heavy
chain derived polypeptide and the second vector encoding a
light chain derived polypeptide. The two vectors may contain
identical selectable markers which enable equal expression of
heavy and light chain polypeptides or different selectable
markers to ensure maintenance of both plasmids. Alterna-
tively, a single vector may be used which encodes, and is
capable of expressing, both heavy and light chain polypep-
tides. In such situations, the light chain should be placed
before the heavy chain to avoid an excess of toxic free heavy
chain (Proudfoot, Nature, 322:52, 1986; and Kohler, Proc.
Natl. Acad. Sci. USA, 77:2 197, 1980). The coding sequences
for the heavy and light chains may comprise cDNA or
genomic DNA.

In another embodiment, antibodies can also be generated
using various phage display methods known in the art. In
phage display methods, functional antibody domains are dis-
played on the surface of phage particles which carry the
polynucleotide sequences encoding them. In a particular
embodiment, such phage can be utilized to display antigen
binding domains, such as Fab and Fv or disulfide-bond sta-
bilized Fv, expressed from a repertoire or combinatorial anti-
body library (e.g., human or murine). Phage expressing an

40

45

18

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 dis-
play methods that can be used to make the immunoglobulins,
or fragments thereof, of the present invention include those
disclosed in Brinkman et al., J. Immunol. Methods, 182:41-
50, 1995; Ames et al., J. Immunol. Methods, 184:177-186,
1995; Kettleborough et al., Eur. J. Immunol., 24:952-958,
1994; Persic et al., Gene, 187:9-18, 1997; Burton et al.,
Advances in Immunology, 57:191-280, 1994; PCT applica-
tion No. PCT/GB91/01134; PCT publications WO 90/02809;
WO 91/10737; WO 92/01047, WO 92/18619; WO 93/11236;
WO 95/15982; WO 95/20401; and U.S. Pat. Nos. 5,698,426;
5,223,409; 5,403,484; 5,580,717, 5,427,908; 5,750,753,
5,821,047, 5,571,698; 5,427,908; 5,516,637, 5,780,225,
5,658,727 5,733,743 and 5,969,108; each of which is incor-
porated herein by reference in its entirety.

As described in the above references, after phage selection,
the antibody coding regions from the phage can be isolated
and used to generate whole antibodies, including human anti-
bodies, or any other desired fragments, and expressed in any
desired host, including mammalian cells, insect cells, plant
cells, yeast, and bacteria, e.g., as described in detail below.
For example, techniques to recombinantly produce Fab, Fab'
and F(ab), fragments can also be employed using methods
known in the art such as those disclosed in PCT publication
WO 92/22324; Mullinax et al., BioTechniques, 12(6):864-
869,1992; and Sawai et al., AJRI, 34:26-34, 1995; and Better
etal., Science, 240:1041-1043, 1988 (each of which is incor-
porated by reference in its entirety). Examples of techniques
which can beused to produce single-chain Fvs and antibodies
include those described in U.S. Pat. Nos. 4,946,778 and
5,258,498; Huston et al., Methods in Enzymology, 203:46-
88, 1991; Shu et al., PNAS, 90:7995-7999, 1993 and Skerra
et al., Science, 240:1038-1040, 1988.

Once an antibody molecule of the invention has been pro-
duced by any methods described above, it may then be puri-
fied by any method known in the art for purification of an
immunoglobulin molecule, for example, by chromatography
(e.g., ion exchange, affinity, particularly by affinity for the
specific antigen after Protein A or Protein G purification, and
sizing column chromatography), centrifugation, differential
solubility, or by any other standard techniques for the purifi-
cation of proteins. Further, the antibodies of the present
invention or fragments thereof may be fused to heterologous
polypeptide sequences described herein or otherwise known
in the art to facilitate purification.

For some uses, including in vivo use of antibodies in
humans and in vitro detection assays, it may be preferable to
use chimeric, humanized, or human antibodies. A chimeric
antibody is a molecule in which different portions of the
antibody are derived from different animal species, such as
antibodies having a variable region derived from a murine
monoclonal antibody and a constant region derived from a
human immunoglobulin. Methods for producing chimeric
antibodies are known in the art. See e.g.. Morrison, Science,
229:1202, 1985; Oiet 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 incor-
porated herein by reference in their entireties. Humanized
antibodies are antibody molecules from non-human species
that bind the desired antigen having one or more complemen-
tarity determining regions (CDRs) from the non-human spe-
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cies and framework regions from a human immunoglobutin
molecule. Often, framework residues in the human frame-
work regions will be substituted with the corresponding resi-
due from the CDR donor antibody to alter, preferably
improve, antigen binding. These framework substitutions are
identified by methods well known in the art, e.g., by modeling
of the interactions of the CDR and framework residues to
identify framework residues important for antigen binding
and sequence comparison to identify unusual framework resi-
dues at particular positions. See, e.g., Queen et al., U.S. Pat.
No. 5,585,089, Riechmann et al., Nature, 332:323, 1988,
which are incorporated herein by reference in their entireties.
Antibodies can be humanized using a variety of techniques
known in the art including, for example, CDR-grafting (EP
239,400; PCT publication WO 91/09967; U.S. Pat. Nos.
5,225,539; 5,530,101 and 5,585,089), veneering or resurfac-
ing (EP 592,106; EP 519,596; Padlan, Molecular Immunol-
ogy, 28(4/5):489-498, 1991; Studnicka et al., Protein Engi-
neering, 7(6):805-814, 1994; Roguska et al., Proc Natl. Acad.
Sci. USA, 91:969-973, 1994), and chain shuffling (U.S. Pat.
No. 5,565,332), all of which are hereby incorporated by ref-
erence in their entireties.

Completely human antibodies are particularly desirable for
therapeutic treatment of human patients. Human antibodies
can be made by a variety of methods known in the art includ-
ing phage display methods described above using antibody
libraries derived from human immunoglobulin sequences.
See U.S. Pat. Nos. 4,444,887 and 4,716,111; and PCT publi-
cations WO 98/46645; WO 98/50433; WO 98/24893; WO
98/16654; WO 96/34096; WO 96/33735; and WO 91/10741,
each of which is incorporated herein by reference in its
entirety.

Human antibodies can also be produced using transgenic
mice which are incapable of expressing functional endog-
enous immunoglobulins, but which can express human
immunoglobulin genes. For an overview of this technology
for producing human antibodies, see Lonberg and Huszar, Int.
Rev. Immunol., 13:65-93, 1995. For a detailed discussion of
this technology for producing human antibodies and human
monoclonal antibodies and protocols for producing such anti-
bodies, see. e.g., PCT publications WO 98/24893; WO
92/01047; WO 96/34096; WO 96/33735; European Patent
No. 0 598 877; U.S. Pat. Nos. 5,413,923; 5,625,126, 5,633,
425; 5,569,825, 5,661,016 5,545,806; 5,814,318; 5,885,793;
5,916,771; and 5,939,598, which are incorporated by refer-
ence herein in their entireties. [n addition, companies such as
Abgenix, Inc. (Fremont, Calif.), Medarex (NJ) and Genp-
harm (San Jose, Calif)) can be engaged to provide human
antibodies directed against a selected antigen using technol-
ogy similar to that described above.

Completely human antibodies which recognize a selected
epitope can be generated using a technique referred to as
“gunided selection.” In this approach a selected non-human
monoclonal antibody, e.g., a mouse antibody, is used to guide
the selection of a completely human antibody recognizing the
same epitope. (Jespers et al., Bio/technology, 12:899-903,
1988).

Antibodies filsed or conjugated to heterologous polypep-
tides may be used in in vitro immunoassays and in purifica-
tion methods (e.g., affinity chromatography) well known in
the art. See e.g., PCT publication Number WO 93/21232; EP
439,095; Naramura et al., Immunol. Lett., 39:91-99, 1994
U.S. Pat. No. 5,474,981, Gillies et al., PNAS, 89:1428-1432,
1992; and Fell et al., J. Immunol., 146:2446-2452, 1991,
which are incorporated herein by reference in their entireties.

Antibodies may also be attached to solid supports, which
are particularly useful for immunoassays or purification of
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the polypeptides of the invention or fragments, derivatives,
analogs, or variants thereof, or similar molecules having the
similar enzymatic activities as the polypeptide of the inven-
tion. Such solid supports include, but are not limited to, glass,
cellulose, polyacrylamide, nylon, polystyrene, polyvinyl
chloride or polypropylene.

5.5 Pharmaceutical Compositions and Kits

The present invention encompasses pharmaceutical com-
positions comprising anti-viral agents of the present inven-
tion. In a specific embodiment, the anti-viral agent is an
antibody which immunospecifically binds CoV-HKU1 or
variants thereof, or any proteins derived therefrom. In another
specific embodiment, the anti-viral agent is a polypeptide or
nucleic acid molecule of the invention. The pharmaceutical
compositions have utility as an anti-viral prophylactic agent
and may be administered to a subject where the subject has
been exposed or is expected to be exposed to a virus.

Various delivery systems are known and can be used to
administer the pharmaceutical composition of the invention,
e.g., encapsulation in liposomes, microparticles, microcap-
sules, recombinant cells capable of expressing the mutant
viruses, receptor mediated endocytosis (see, e.g., Wuand Wu,
1987, 1. Biol. Chem. 262:4429 4432). Methods of introduc-
tion include but are not limited to intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous, intranasal, epidu-
ral, and oral routes. The compounds may be administered by
any convenient route, for example by infusion or bolus injec-
tion, by absorption through epithelial or mucocutaneous lin-
ings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and
may be administered together with other biologically active
agents. Administration can be systemic or local. In a preferred
embodiment, it may be desirable to introduce the pharmaceu-
tical compositions of the invention into the lungs by any
suitable route. Pulmonary administration can also be
employed, e.g., by use of an inhaler or nebulizer, and formu-
lation with an aerosolizing agent.

In a specific embodiment, it may be desirable to administer
the pharmaceutical compositions of the invention locally to
the area in need of treatment; this may be achieved by, for
example, and not by way of limitation, local infusion during
surgery, topical application, e.g., in conjunction with a wound
dressing after surgery, by injection, by means of a catheter, by
means of a suppository, by means of nasal spray, or by means
of an implant, said implant being of a porous, non porous, or
gelatinous material, including membranes, such as sialastic
membranes, or fibers. In one embodiment, administration can
be by direct injection at the site (or former site) infected
tissues.

In another embodiment, the pharmaceutical composition
can be delivered in a vesicle, in particular a liposome (see
Langer, 1990, Science 249:1527-1533; Treat et al., in Lipo-
somes in the Therapy of Infectious Disease and Cancer,
Lopez Berestein and Fidler (eds.), Liss, New York, pp. 353-
365 (1989); Lopez-Berestein, ibid., pp. 317-327, see gener-
ally ibid.).

In yet another embodiment, the pharmaceutical composi-
tion can be delivered in a controlled release system. In one
embodiment, a pump may be used (see Langer, supra; Sefton,
1987, CRC Crit. Ref. Biomed. Eng. 14:201; Buchwald et al.,
1980, Surgery 88:507; and Saudek et al., 1989, N. Engl. J.
Med. 321:574). In another embodiment, polymeric materials
can be used (see Medical Applications of Controlled Release,
Langer and Wise (eds.), CRC Pres., Boca Raton, Fla. (1974);
Controlled Drug Bioavailability, Drug Product Design and
Performance, Smolen and Ball (eds.), Wiley, New York
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(1984); Ranger and Peppas, J. Macromol. Sci. Rev. Macro-
mol. Chem. 23:61 (1983); see also Levy et al., 1985, Science
228:190; During et al., 1989, Ann. Neurol. 25:351; Howard et
al., 1989, J. Neurosurg. 71:105). In yet another embodiment,
a controlled release system can be placed in proximity of the
composition’s target, i.e., the lung, thus requiring only a
fraction of the systemic dose (see, e.g., Goodson, in Medical
Applications of Controlled Release, supra, vol. 2, pp. 115-
138 (1984)).

Other controlled release systems are discussed in the
review by Langer (Science 249:1527-1533 (1990)).

The pharmaceutical compositions of the present invention
comprise a therapeutically effective amount of recombinant
or chimeric CoV-HKU1, and a pharmaceutically acceptable
carrier. In a specific embodiment, the term “pharmaceutically
acceptable” means approved by a regulatory agency of the
Federal or a state government or listed in the U.S. Pharma-
copeia or other generally recognized pharmacopeia for use in
animals, and more particularly in humans. The term “carrier”
refers to a diluent, adjuvant, excipient, or vehicle with which
the pharmaceutical composition is administered. Such phar-
maceutical carriers can be sterile liquids, such as water and
oils, including those of petroleum, animal, vegetable or syn-
thetic origin, such as peanut oil, soybean oil, mineral oil,
sesame oil and the like. Water is a preferred carrier when the
pharmaceutical composition is administered intravenously.
Saline solutions and aqueous dextrose and glycerol solutions
can also be employed as liquid carriers, particularly for inject-
able solutions. Suitable pharmaceutical excipients include
starch, glucose, lactose, sucrose, gelatin, malt, rice, flour,
chalk, silica gel, sodium stearate, glycerol monostearate, talc,
sodium chloride, dried skim milk, glycerol, propylene, gly-
col, water, ethanol and the like. The composition, if desired,
can also contain minor amounts of wetting or emulsifying
agents, or pH buffering agents. These compositions can take
the form of solutions, suspensions, emulsion, tablets, pills,
capsules, powders, sustained release formulations and the
like. The composition can be formulated as a suppository,
with traditional binders and carriers such as triglycerides.
Oral formulation can include standard carriers such as phar-
maceutical grades of mannitol, lactose, starch, magnesium
stearate, sodium saccharine, cellulose, magnesium carbon-
ate, etc. Examples of suitable pharmaceutical carriers are
described in “Remington’s Pharmaceutical Sciences” by E.
W. Martin. The formulation should suit the mode of admin-
istration.

In a preferred embodiment, the composition is formulated
in accordance with routine procedures as a pharmaceutical
composition adapted for intravenous administration to
human beings. Typically, compositions for intravenous
administration are solutions in sterile isotonic aqueous buffer.
Where necessary, the composition may also include a solu-
bilizing agent and 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 lyophilized powder or water free
concentrate in a hermetically sealed container such as an
ampoule or sachette indicating the quantity of active agent.
Where the composition is to be administered by infusion, it
can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the composition
is administered by injection, an ampoule of sterile water for
injection or saline can be provided so that the ingredients may
be mixed prior to administration.

The pharmaceutical compositions of the invention can be
formulated as neutral or salt forms. Pharmaceutically accept-
able salts include those formed with free amino groups such
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as those derived from hydrochloric, phosphoric, acetic,
oxalic, tartaric acids, etc., and those formed with free car-
boxyl groups such as those derived from sodium, potassium,
ammonium, calcium, ferric hydroxides, isopropylamine, tri-
ethylamine, 2 ethylamino ethanol, histidine, procaine, etc.

The amount of the pharmaceutical composition of the
invention which will be effective in the treatment of a par-
ticular disorder or condition will depend on the nature of the
disorder or condition, and can be determined by standard
clinical techniques. In addition, in vitro assays may option-
ally be employed to help identify optimal dosage ranges. The
precise dose to be employed in the formulation will also
depend on the route of administration, and the seriousness of
the disease or disorder, and should be decided according to
the judgment of the practitioner and each patient’s circum-
stances. However, suitable dosage ranges for intravenous
administration are generally about 20-500 micrograms of
active compound per kilogram body weight. Suitable dosage
ranges for intranasal administration are generally about 0.01
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.

Suppositories generally contain active ingredient in the
range 0f 0.5% to 10% by weight; oral formulations preferably
contain 10% to 95% active ingredient.

The invention also provides a pharmaceutical pack or kit
comprising one or more containers filled with one or more of
the ingredients of the pharmaceutical compositions of the
invention. Optionally associated with such container(s) can
be a notice in the form prescribed by a governmental agency
regulating the manufacture, use or sale of pharmaceuticals or
biological products, which notice reflects approval by the
agency of manufacture, use or sale for human administration.
In a preferred embodiment, the kit contains an anti-viral agent
of the invention, e.g., an antibody specific for the polypep-
tides encoded by a nucleotide sequence of SEQ ID NO:1 or 3,
or any CoV-HKUL epitope, or a polypeptide or protein of the
present invention, including those shown in FIG. 2 (SEQ ID
NOS:34-1318), FIG. 8 (SEQ ID NOS:1319-2918), and SEQ
ID NO:2, or a nucleic acid molecule of the invention, alone or
in combination with adjuvants, antivirals, antibiotics, analge-
sic, bronchodialaters, or other pharmaceutically acceptable
excipients.

The present invention further encompasses kits comprising
a container containing a pharmaceutical composition of the
present invention and instructions for use.

5.6 Detection Assays

The present invention provides a method for detecting an
antibody, which immunospecifically binds to the CoV-
HKUI, in a biological sample, for example blood, serum,
plasma, saliva, urine, etc., from a patient suffering from res-
piratory tract infection. In a specific embodiment, the method
comprising contacting the sample with the polypeptides or
protein encoded by the nucleotide sequence of SEQ ID NO:1
and/or 3, including the polypeptides having the amino acid
sequences of SEQ ID NOS:34-1318 shown in FIG. 2, SEQ ID
NOS:1319-2918 shown in FIG. 8, or SEQ ID NO:2, directly
immobilized on a substrate and detecting the virus-bound
antibody directly or indirectly by a labeled heterologous anti-
isotype antibody. In another specific embodiment, the sample
is contacted with a host cell comprising a nucleic acid mol-
ecule having the nucleotide sequence of SEQ ID NO:1 or 3
and expressing the polypeptides encoded thereby, and the
bound antibody can be detected by immunofluorescent assay.
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An exemplary 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 com-
pound or an agent capable of detecting an epitope or nucleic
acid (e.g., mRNA, genomic RNA) of CoV-HKLI such that
the presence of CoV-HKU1 is detected in the sample. A
preferred agent for detecting CoV-HKU1 mRNA or genomic
RNA of the invention is a labeled nucleic acid probe capable
of hybridizing to mRNA or genomic RNA encoding a
polypeptide of the invention. The nucleic acid probe can be,
for example, a nucleic acid molecule comprising or consist-
ing of the nucleotide sequence of SEQ ID NO:1 or 3, or a
portion thereof, or a complement thereof, such as an oligo-
nucleotide of at least 15, 20, 25, 30, 50, 100, 250, 500, 750,
1,000 or more contiguous nucleotides in length and sufficient
to specifically hybridize under stringent conditions to a CoV-
HKU1 mRNA or genomic RNA.

In another preferred specific embodiment, the presence of
CoV-HKUI is detected in the sample by an reverse transcrip-
tion polymerase chain reaction (RT-PCR) using the primers
that are constructed based on a partial nucleotide sequence of
the genome of CoV-HKU1 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 NO4)
and 5'-CCATCATCAGATAGAATCATCATA-3' (SEQ ID
NQO: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-HKU! in a biological sample by
subjecting the cDNA obtained by reverse transcription of the
extracted total RNA from the sample to PCR reactions using
the specific primers, such as those having nucleotide
sequences of SEQ ID NOS:4 and 5, and a fluorescence dye,
such as SYBR® Green I, which fluoresces when bound non-
specifically to double-stranded DNA. The fluorescence sig-
nals from these reactions are captured at the end of extension
steps as PCR product is generated over a range of the thermal
cycles, thereby allowing the quantitative determination of the
viral load in the sample based on an amplification plot.

A preferred agent for detecting CoV-HKUI is an antibody
that specifically binds a polypeptide of the invention or any
CoV-HKUI epitope, preferably an antibody with a detectable
label. Antibodies can be polyclonal, or more preferably,
monoclonal. An intact antibody, or a fragment thereof (e.g.,
Fab or F(ab'"),) can be used.

The term “labeled”, with regard to the probe or antibody, is
intended to encompass direct labeling of the probe or anti-
body by coupling (i.e., physically linking) a detectable sub-
stance to the probe or antibody, as well as indirect labeling of
the probe or antibody by reactivity with another reagent that
is directly labeled. Examples of indirect labeling include
detection of a primary antibody using a fluorescently labeled
secondary antibody and end-labeling of a DNA probe with
biotin such that it can be detected with fluorescently labeled
streptavidin. The detection method of the invention can be
used to detect mRNA, protein (or any epitope), or genomic
RNA in a sample in vitro as well as in vivo. For example, in
vitro techniques for detection of mRNA include northern
hybridizations, in situ hybridizations, RT-PCR, and RNase
protection. In vitro techniques for detection of an epitope of
CoV-HKUTI include enzyme linked immunosorbent assays
(ELISAs), Western blots, immunoprecipitations and immun-
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ofluorescence. In vitro techniques for detection of genomic
RNTA include northern hybridizations, RT-PCR, and RNase
protection. Furthermore, in vivo techniques for detection of
CoV-HKUI include introducing into a subject organism a
labeled antibody directed against the polypeptide. For
example, the antibody can be labeled with a radioactive
marker whose presence and location in the subject organism
can be detected by standard imaging techniques, including
autoradiography.

In a specific embodiment, the methods further involve
obtaining a control sample from a control subject, contacting
the control sample with a compound or agent capable of
detecting CoV-HKUT1, e.g., a polypeptide of the invention or
mRNA or genomic RNA encoding a polypeptide of the inven-
tion, such that the presence of CoV-HKUT or the polypeptide
or mRNA or genomic RNA encoding the polypeptide is
detected in the sample, and comparing the absence of CoV-
HKUT1 or the polypeptide or mRNA or genomic RNA encod-
ing the polypeptide in the control sample with the presence of
CoV-HKU], or the polypeptide or mRNA or genomic DNA
encoding the polypeptide in the test sample.

The invention also encompasses kits for detecting the pres-
ence of CoV-HKUT1 or a polypeptide or nucleic acid of the
invention in a test sample. The kit, for example, can comprise
a labeled compound or agent capable of detecting CoV-
HKUT1 orthe polypeptide or a nucleic acid molecule encoding
the polypeptide in a test sample and, in certain embodiments,
a means for determining the amount of the polypeptide or
mRNA in the sample (e.g., an antibody which binds the
polypeptide or an oligonucleotide probe which binds to DNA
or mRNA encoding the polypeptide). Kits can also include
instructions for use.

For antibody-based kits, the kit can comprise, for example:
(1) a first antibody (e.g., attached to a solid support) which
binds to a polypeptide of the invention or CoV-HKU1
epitope; and, optionally, (2) a second, different antibody
which binds to either the polypeptide or the first antibody and
is conjugated to a detectable agent.

For oligonucleotide-based kits, the kit can comprise, for
example: (1) an oligonucleotide, e.g., a detectably labeled
oligonucleotide, which hybridizes to a nucleic acid sequence
encoding a polypeptide of the invention or to a sequence
within the CoV-HKU1 genome or (2) a pair of primers useful
for amplifying a nucleic acid molecule containing an CoV-
HKUT1 sequence. The kit can also comprise, e.g., a buffering
agent, a preservative, or a protein stabilizing agent. The kit
can also comprise components necessary for detecting the
detectable agent (e.g., an enzyme or a substrate). The kit can
also contain a control sample or a series of control samples
which can be assayed and compared to the test sample con-
tained. Each component of the kit is usually enclosed within
an individual container and all of the various containers are
within a single package along with instructions for use.

6. EXAMPLES

The following examples illustrate the identification of the
novel CoV-HKUTI. These examples should not be construed
as limiting.

Methods and Results

As a general reference, Wiedbrauk DL & Johnston SLG.
(Manual of Clinical Virology, Raven Press, New York, 1993)
was used.

6.1 Clinical Subject

The patientis an in-patient of the United Christian Hospital
in Hong Kong. Nasopharyngeal aspirates were collected from
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the patient weekly from the first till the fifth week of the
illness, stool and urine in the first and second week of the
illness, and sera in the first, second, and fourth weeks of the
illness.

6.2 Antibody Detection

To produce a fusion plasmid for protein purification, prim-
ers, SSTTTTCCTTTTGCGGCCGCTTAAGCAACA-
GAGTCTTCTA-3' (SEQ ID NO:6) and 5'-CGGAATTC-
GATGTCTTATACTCCCGGT-3'(SEQ ID NO:7) were used
to amplify the gene encoding the N protein of the CoV-HKU1
by RT-PCR. The sequence coding for amino acid residues 1 to
441 of the N protein was amplified and cloned into the 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 E. coli and purified
using the Ni**-loaded HiTrap Chelating System (Amersham
Pharmacia. USA) according to the manufacturer’s instruc-
tions.

Western blot analysis was performed as follows: Two-
hundred ng of purified (His)s-tagged (SEQ ID NO:27)
recombinant N protein of CoV-HKU1 were loaded into each
well of a sodium dodecyl sulfate (SDS-10% polyacrylamide
gel and subsequently electroblotted onto a nitrocellulose
membrane (Bio-Rad, Hercules, Calif., USA). The blot was
cut into strips and the strips were incubated separately with
1:2000 dilution of serum samples obtained during the first,
second, and fourth weeks of the patient’s illness. Serum
samples of two healthy blood donors were used as controls.
Antigen-antibody interaction was detected with an ECL fluo-
rescence system (Amersham Life Science, Buckingham-
shire, UK).

Several prominent immunoreactive bands were visible for
serum samples collected during the second and fourth weeks
of'the patient’s illness (F1G. 7, lanes 2 and 3). The sizes of the
largest bands were about 53 kDa, consistent with the expected
size of 52.8 kDa for the full-length (His),-tagged (SEQ ID
NO:27) N protein, whereas the other bands were consistent
with the degradation products of the (His),-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).

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)-tagged (SEQ ID NO:27) recombinant N
protein for 12 h and then blocked in phosphate-buffered
saline with 2% bovine serum albumin. The serum samples
obtained from the patient during the first, second, and fourth
weeks of the illness were serially diluted and were added to
the wells of the (His),-tagged (SEQ ID 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 pl per well of 1:4000 diluted horse
radish peroxidase-conjugated goat anti-human IgG antibody
(Zymed Laboratories Inc., South San Francisco, Calif., USA)
were added to the wells and incubated at 37° C. for 1 h. After
washing with washing buffer five times, 100 pl of diluted
3,3'5,5"-tetramethylbenzidine (Zymed Laboratories Inc.)
were added to each well and incubated at room temperature
for 15 min. One hundred microliters of 0.3 M H,SO, were
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added and the absorbance at 450 nm of each well was mea-
sured. Each sample was tested in duplicate and the mean
absorbance for each serum was calculated.

Box titration was carried out with different dilutions of
(His)¢-tagged (SEQ ID NO:27) recombinant N protein coat-
ing antigen and serum obtained from the fourth week of the
patient’s illness. The results identified 20 ng and 80 ng of
purified (His)-tagged recombinant N protein per ELISA well
as the ideal amount for plate coating and 1:1000 and 1:20 as
the most optimal serum dilution for IgG and IgM detection,
respectively.

To establish the baseline for the tests, serum samples (di-
luted at 1:1000 and 1:20 for IgG and IgM, respectively) from
100 healthy blood donors were tested in the CoV-HKU1
antibody ELISA. For the 100 sera from healthy blood donors,
the mean ELISA OD,, values for IgG and IgM detection
were 0.178 and 0.224, with standard deviations of 0.070 and
0.117. Absorbance values 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
1gG and IgM, respectively. Using these cutoff values, the
titers for IgG of the patient’s serum samples obtained during
the first, second, and fourth weeks of the illness were
<1:1000, 1:2000, and 1:8000, respectively (FIG. 6), and those
for IgM were 1:20, 1:40, and 1:80, respectively (data not
shown).

6.3 RT-PCR and Real Time Quantitative PCR

RT-PCR Assay

An RT-PCR was developed to detect the CoV-HKU!
sequence from NPA samples. Total RNA from clinical
samples was reverse transcribed using random hexamers and
¢DNA was amplified using primers 5'-GGTTGGGACTATC-
CTAAGTGTGA-3'(SEQ ID NO:4) and 5'-CCATCATCA-
GATAGAATCATCATA-3'(SEQ ID NO:5), which were con-
structed based on the RNA-dependent RNA polymerase-
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 0f 94° C. for 1 min, 50° C. for 1 min, 72° C. for 1 min).

The summary of a typical RT-PCR protocol is as follows:
1. RNA Extraction

RNA from 140 pl of NPA samples was extracted by
QIAquick® viral RNA extraction kit and was eluted in 50 ul
of elution buffer.

2. Reverse Transcription

RNA 115 ul
0.1 M DTT 2wl
5% buffer 4 ul
10 mM dNTP 1ul
Superscript IT, 200 U/pl (Invitrogen) 1 pl
Random hexamers, 0.3 ug/pl 0.5 ul
Reaction condition 42°C., 50 min
94° C., 3 min
4° C.
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3.PCR
cDNA generated by random primers was amplified in a 50
ul reaction as follows:

cDNA 2l
10 mM dNTP 0.5l
10x buffer Sul
25 mM MgClL, Sul
25 uM Forward primer 0.5ul
25 UM Reverse primer 0.5
AmpliTaq Gold ® polymerase, 0.25ul
5 Ujul (Applied Biosystems)

Water 36.25 ul

Thermal-cycle condition: 95° C., 10 min, followed by 40
cycles 0f 95° C., 1 min; 50° C. 1 min; 72° C., 1 min.

4. Primer Sequences

Primers were designed based on the RNA-dependent RNA
polymerase encoding sequence (SEQ ID NO:1) of the CoV-
HKUI.

Forward primer:
{SEQ ID NO: 4)
5'-GGTTGGGACTATCCTAAGTGTGA-3 "'

Reverse primer:

(SEQ 1D NO:
and 5'-CCATCATCAGATAGAATCATCATA-3'
Product size: 440 bps

5)

Real-Time Quantitative PCR Assay

Total RNA from 140 pl of nasopharyngeal aspirate (NPA)
was extracted by QlAamp® virus RNA mini kit (Qiagen) as
instructed by the manufacturer. Ten pil of eluted RNA samples
were reverse transcribed by 200 U of Superscript® II reverse
transcriptase (Invitrogen) in a 20 ul reaction mixture contain-
ing 0.15 pg of random hexamers, 10 mmol/L. DTT, and 0.5
mmol/L ANTP, as instructed. Complementary DNA was then
amplified in a SYBR® Green I fluorescence reaction (Roche,
Ind.) mixtures. Briefly, 20 il reaction mixtures containing 2 pul
of cDNA, 3.5 mmol/L. MgCl,, 0.25 umol/L. of forward primer
[5-GGTTGGGACTATCCTAAGTGTGA-3'  (SEQ ID
NO:4)] and 0.25 tumol/L reverse primer [5'-CCATCATCA-
GATAGAATCATCATA-3' (SEQ ID NO:5)] were thermal-
cycled by a LightCycler® (Roche) with the PCR program,
[95° C., 10 min followed by 50 cycles 0of 95° C., 10 min; 57°
C., 5 sec; 72° C. 9 sec]. Plasmids containing the target
sequence were used as positive controls. Fluorescence signals
from these reactions were captured at the end of extension
step in each cycle. To determine the specificity of the assay,
PCR products (440 base pairs) were subjected to a melting
curve analysis at the end of the assay (65° C.t0 95° C.,0.1°C.
per second) (data not shown).

The amount of CoV-HKU1 RNA in the nasopharyngeal
aspirates was followed weekly. Quantitative RT-PCR showed
that the amounts of CoV-HKU1 RNA were 8.5x10° and 9.6x
10° 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

The genome of CoV-HKUT is a 29942-nucleotide long,

polyadenylated RNA. The G+C content is 32%, which is the
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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

1BV 27608 0.38 0.14
SARS-CoV 29751 0.41 0.02

HCoV-229E = human coronavirus 229E;
PEDV = porcine epidemic diarrhea virus;
HCoV-NL63 = human coronavirus NL63;
HCoV-OC43 = human coronavirus OC43;
MHYV = murine hepatitis virus;

BCoV = bovine coronavirus;

IBV = infectious bronchitis virus;
SARS-CoV = SARS coronavirus;

GC skew = (G-C)/(G+C)

The genome organization is the same as other coronavi-
ruses, with the characteristic gene order 5'-replicase, S, E, M,
N-3'. Both 5' and 3' ends contain short untranslated regions.
The 5' end of the genome consists of a putative 5' leader
sequence. A putative transcription regulatory sequences
(TRS) motif, 5-CUAAAC-3', was found at the 3' end of the
leader sequence and precedes each translated ORF except
ORF4 and ORF6 which encodes the putative E protein. Table
2 shows the putative transcription regulatory sequences in the
genome of CoV-HKUT.

TABLE 2
Number

of bage SEQ

upstream 1D
of AUG ORF TRS sequence NO.

-140 Leader UUAAAUCUAAACUUUUUAA (127) 8

AUG
-7 HemagyglutininUUAAAUCUZAACUAUG 9
esterase

-6 Spike UUAAAUCUAAACAUG 10

-13 ORF 5 UUAAAUCUAAACUUUAUUUAUG 11

-9 Membrane CUAAAUCUAAACAUUAUG 12

-13 Nucleocapsid UUAAAUCUAAACUAUUAGGAUG 13

-35 ORF 9 UUAAAUCUAAACUAUUAGGAUGUCU 14

UAUACUCCCGGUCAUUAUG

As in SDAV (Sialodacryoadentitis virus) and MHV
(mouse hepatitis virus), ORF6 may share the same TRS with
ORF 35, 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
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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.

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 (3CLF™), replicase, helicase,
haemagglutinin-esterase (HE), S, E, M and N, are shown in
FIGS. 4A and 4B.

TABLE 3

Start-end No. of No. of amino Candidate
ORFs (base) bases acids Frame TRS
ORF la 206-13600 13395 4465 +2  —
ORF 1b 13600-21753 8154 2717 +1 —
HE (ORF 2) 21773-22933 1161 386 +2  Strong
S (ORF 3) 22042-27012 4071 1356 +1  Strong
ORF 4 26960-27070 111 36 +2  Nene
ORF 3 27051-27380 330 109 +3  Strong
E (ORF 6) 27373-27621 249 82 +1  None
M(ORF7)  27633-28304 672 223 +3  Strong
N (ORF 8) 28320-29645 1326 441 +3  Strong
ORF 9 28342-28959 618 205 +1  Strong

The replicase 1a ORF (bases 206-13600) and replicase 1b
ORF (bases 13600-21753) occupy 21.5 kb of the CoV-HKU1
genome. Similar to other coronaviruses, a frame shift inter-
rupts the protein-coding regions and separates the 1a and 1b
ORFs. This ORF encodes a number of putative proteins,
including papain-like protease (PLP) with two copies of the
PLP domain, PLP1#" and PLP2#"° 3CL#", replicase, heli-
case, and other proteins of unknown functions. These proteins
are produced by proteolytic cleavages of a large polyprotein
(FIG. 3). The sequence of the resulting putative proteins is the
same as that in the MHV genome. This polyprotein is syn-
thesized by a -1 ribosomal frameshift at a conserved site
(UUUAAAC) upstream of a pseudoknot structure at the junc-
tion of ORF laand ORF 1b. This ribosomal frameshift would
result in a polyprotein of 7182 amino acids, which has
75-77% amino acid identities with the polyprotein in other
Group 2 coronaviruses and 43-47% amino acid identities
with the polyprotein in other non-Group 2 coronaviruses. The
replicase gene of CoV-HKUI, which encodes 928 amino
acids, has 87-89% amino acid identities with the replicase of
other Group 2 coronaviruses and 54-65% amino acid identi-
ties with the replicase of other non-Group 2 coronaviruses
(Table 4 and FIG. 4A). Table 4 shows amino acid identities
between the predicted chymotrypsin-like protease (3CLF"),
replicase (Rep), helicase (Hel), hemagglutinin-esterase (HE),
spike (S), envelope (E), membrane (M), and nucleocapsid (N)
proteins of CoV-HKU1 and the corresponding proteins of
other coronaviruses.

TABLE 4
Pairwise amino acid identity (%)

Group Virus 3CI7° Rep Hel HE S E M N
1 HCoV-229E 43 54 55 — 31 26 35 28
PEDV 44 56 55 — 30 34 37 37
PTGV 43 57 57 — 32 34 37 27
CCoV — — — — 31 32 36 27
HCoV-NL63 43 54 54— 30 28 32 28

2 HCoV-0C43 82 87 88 57 60 34 76 58
MHV 85 89 87 50 38 35 78 60
BCoV 84 88 88 56 61 55 76 57
SDAV — — — 50 61 60 77 62
ECoV — — — 53 61 56 78 59
PHEV — — — 34 61 34 77 57
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TABLE 4-continued

Pairwise amino acid identity (%)

Group Virus 3CI#° Rep Hel HE § E M N

3 IBV 41 60 57 — 32 28 38 2
SARS- SARS-CoV 48 65 63 — 33 27 34 31
CoV

HCoV-229E = human coronavirus 229E;

PEDV = porcine epidemic diarrhea virus;

PTGV =porcine transmissible gastroenteritis virus;
CCoV = canine enteric coronavirus;

HCoV-NL63 = human coronavirus NL63;
HCoV-0C43 = human coronavirus OC43;

MHYV = murine hepatitis virus;

BCoV = bovine coronavirus;

SDAV =rat sialodacryoadenitis coronavirus,
ECoV =equine coronavirus NC99;

PHEV = porcine hemagglutinating encephalomyelitis virus;
IBV = infectious bronchitis virus;

SARS-CoV = SARS coronavirus

The catalytic histidine and cysteine amino acid residues,
conserved among the 3CL#" in all coronaviruses, are present
in the predicted 3CI7"® of CoV-HKU1 (amino acids His**"*
and Cys**® of ORF 1a). 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 NDDEDV-
VTGD (SEQ ID NO: 15), followed by two 30-base regions
that encode NNDEEIVTGD (SEQID NO:16) and NDDQIV-
VTGD (SEQIDNO:17), located upstream to the first copy of
PLP domain, PLP1#7. This repeat is not observed in other
coronaviruses.

ORF 2 (bases 21773-22933) encodes the predicted HE
glycoprotein with 386 amino acids. The HE protein of CoV-
HKUT has 50-57% amino acid identities with the HE proteins
of other Group 2 coronaviruses (Table 4 and FIG. 4A). PFAM
and InterProScan analyses of the ORF show that amino acid
residues 1 to 349 of the predicted protein is a member of the
haemagglutinin esterase family (PFAM accession no.:
PF03996 and INTERPRO accession no. IPR007142). This
family contains membrane glycoproteins that are present on
viral surface and are involved with the cell infection process.
It contains haemagglutinin chain 1 (HE1) and haemaggluti-
nin chain 2 (HE2), and forms a homotrimer with each mono-
mer being formed by two chains linked by a disulphide bond.
Furthermore, PFAM and InterProScan analyses of the ORF
show that amino acid residues 122 to 236 of the predicted
protein are the haemagglutinin domain of HE-fusion glyco-
protein family (PFAM accession no.: PF02710 and INTER-
PRO accession no. IPRO03860). HE is also present in other
Group 2 coronaviruses and influenza C virus. SignalP analy-
sis reveals a signal peptide probability of 0.738, with a cleav-
age site between residues 13 and 14. Although TMpred and
TMHMM analyses of the ORF show four and three trans-
membrane domains, respectively, PHDhtm analysis of the
ORF shows only one transmembrane domain at positions 354
to 376. This concurs with only one transmembrane region
reported in the C terminal of the HE of BCoV (bovine coro-
navirus) and puffinosis virus. PrositeScan analysis of the HE
protein of CoV-HKU1 reveals eight potential N-linked gly-
cosylation (six NXS and two NXT) sites. These are located at
positions 83 (NYT), 110, (NGS), 145 (NVS), 168 (NYS), 193
(NFS), 286 (NSS), 314 (NVS, and 328 (NFT). The putative
active site for neuraminate O-acetyl-esterase activity, FGDS
(SEQ ID NO:18), is located at positions 31-34.

ORF 3 (bases 22942-27012) encodes the predicted S gly-
coprotein (PFAM accession no. PF01601) with 1356 amino
acids. The S protein of CoV-HKU1 has 58-61% amino acid
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identities with the S proteins of other Group 2 coronaviruses,
but has fewer than 35% amino acid identities with the S
proteins of Group 1, Group 3, and SARS-CoV (Table 4 and
FIG. 4B). InterProScan analysis predicts it as a type [ mem-
brane glycoprotein. Important features of the S protein of
CoV-HKUI are depicted in FIG. 5. PrositeScan of the S
protein of CoV-HKUT reveals 28 potential N-linked glyco-
sylation (12 NXS and 16 NXT) sites. SignalP analysis reveals
a signal peptide probability of 0.909, with a cleavage site
between residues 13 and 14. By multiple alignments with the
S proteins of other Group 2 coronaviruses, a potential cleav-
age site located after RRKRR (SEQ ID NO: 19), between
residues 760 and 761, where S will be cleaved into S1 and S2,
is identified. Immediately upstream to RRKRR (SEQ ID NO:
19), there is a series of five serine residues that are not present
in any other known coronaviruses (FIG. 5). Most of the S
protein (residues 15 to 1300) is exposed on the outside of the
virus, with a transmembrane domain at the C terminus (TM-
HMM analysis of the ORF shows one transmembrane domain
atpositions 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), identi-
fied by multiple alignments with other coronaviruses, are
present. In MHYV, it has been confirmed that the receptor for
its S protein binding is CEACAM1, a member of the carci-
noembryonic antigen (CEA) family of glycoproteins in the
immunoglobulin superfamily. Furthermore, it has been
shown by site-directed mutage-tesis, that three conserved
regions (sites T, II, and I1T) 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
coronaviruses, it is observed that these conserved regions and
amino acids are present in CoV-HKU1 (FIG. 5). This infers
that the receptor for CoV-HKU1 could be a member of the
CEA family on the surface of the cells in the respiratory tract.
On the other hand, for HCoV-OC43, it has been shown in
vitro that the receptor for the S protein is a sialic acid. How-
ever, the amino acid residues on the S protein of HCoV-0OC43
that are important for receptor binding are not well defined.

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 coro-
naviruses and BlastP analysis of the ORF does not show any
hits.

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 coronavirus non-
structural protein NS2 family (PFAM accession no.:
PF04753). TMpred and TMHMM analysis do not reveal any
transmembrane helix. This predicted protein of CoV-HKU1
has 44-51% amino acid identities with the corresponding
proteins of other Group 2 coronaviruses.

ORF 6 (bases 27373-27621) encodes the predicted E pro-
tein with 82 amino acids. The E protein of CoV-HKU1 has
54-60% amino acid identities with the E proteins of other
Group 2 corenaviruses, but has fewer than 35% amino acid
identities with the E proteins of Group 1, Group 3, and SARS-
CoV (Table 4 and F1G. 4B). PFAM and InterProScan analy-
ses of the ORF show that the predicted E protein is a member
of the non-structural protein NS3/Small envelope protein E
(NS3_envE) family (PFAM accession no.: PF02723). Sig-
nalP analysis predicts the presence of a transmembrane
anchor (probability 0.995). TMpred analysis of the ORF
shows two transmembrane domains at positions 16 to 34 and
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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 progranis predict that both the N
and C termini are located on the surface of the virus.

ORF 7 (bases 27633-28304) encodes the predicted M pro-
tein with 223 amino acids. The M protein of CoV-HKU]1 has
76-78% amino acid identities with the M proteins of other
Group 2 coronavirus, but has fewer than 40% amino acid
identities with the M proteins of Group 1, Group 3, and
SARS-CoV (Table 4 and FIG. 4B). PFAM analysis of the
ORF shows that the predicted M protein is a member of the
coronavirus matrix glycoprotein (Corona_M) family (PFAM
accession no.: PF01635). SignalP analysis predicts the pres-
ence of a transmembrane anchor (probability 0.926). TMpred
analysis of the ORF shows three transmembrane domains at
positions 21 to 42, 53 to 74, and 77 to 98. TMHMM analysis
of the ORF shows three transmembrane domains at positions
201039, 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.

ORF 8 (bases 28320-29645) encodes the predicted N pro-
tein (PFAM accession no.: PF00937) with 441 amino acids.
The N protein of CoV-HKUTI has 57-62% amino acid identi-
ties with the N proteins of other Group 2 coronaviruses, but
has fewer than 40% amino acid identities with the N proteins
of Group 1, Group 3, and SARS-CoV (Table 4 and FIG. 4B).

ORF 9 (bases 28342-28959) encodes a hypothetical pro-
tein (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 coronavirus nucleo-
capsid I protein (Corona_I) family (PFAM accession no.:
PF03187). This hypothetical N2 protein of CoV-HKU1 has
32-39% amino acid identities with the N2 proteins of other
Group 2 coronaviruses.

We report the characterization and complete genome
sequence of a novel coronavirus detected in the nasopharyn-
geal aspirates of patients with pneumonia. The clinical sig-
nificance of the virus in the first patient was evident by the
high viral loads in the patient’s nasopharyngeal aspirates
during the first week of his illness, which coincided with the
acute symptoms developed in the patient. The viral load
decreased during the second week of the illness and was
undetectable in the third week of the illness. In addition, the
fall in viral load was accompanied by the recovery from the
illness and development of specific antibody response to the
recombinant N protein of the virus. Similar to other recently
discovered viruses, such as hepatitis C virus, GB virus C,
transfusion transmitted virus, and SEN virus, the present
virus could not be recovered from cell cultures using the
standard cell lines. This could be related to the inherently low
recovery rate of coronaviruses. Human coronaviruses are par-
ticularly difficult to culture in vitro. Many decades after the
recognition of HCoV-229E and HCoV-OC43, there are still
only a handful of primary virus isolates available and organ
culture is required for primary isolation of HCoV-OC43. In
our experience, SARS-CoV can only be recovered from less
than 20% of patients with serologically and RT-PCR docu-
mented SARS-CoV pneumonia. Therefore, it is not surpris-
ing that the new coronavirus CoV-HKU1 has been so far
proven difficult to culture in vitro. After the discovery of
CoV-HKUI in the first patient, we conducted a preliminary
study on 400 nasopharyngeal aspirates that were collected
last year during the SARS epidemic period. Among these 400
nasopharyngeal aspirates, CoV-HKU1 was detected in one
specimen, with a viral load comparable to that of the first
patient. These results have suggested that CoV-HKUT is not
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only incidentally found in one patient, buta previously unrec-
ognized coronavirus associated with pneumoma.

Genomic analysis has reveals that CoV-HKU1 is a Group 2
coronavirus. The genome organization of CoV-HKU1 con-
curs with those of other coronaviruses, with the characteristic
gene order, i.e., 5'-repticase, S, E, M, N-3', short untranslated
regions in both 5' and 3' ends, 5' conserved coronavirus core
leader sequence, putative TRS upstream to multiple ORFs,
and conserved pseudoknot in the 3' untranslated region. In
contrast to coronaviruses of other groups, CoV-HKU1 con-
tains certain features that are characteristics of Group 2 coro-
naviruses, including the presence of HE, ORF 5, and N2.
Phylogenetic analysis of the 3CL#™, replicase, helicase, S, E,
M, and N proteins showed that these genes of CoV-HKU1
were clustered with the corresponding genes in other Group 2
coronaviruses. However, the proteins of CoV-HKU1 formed
distinct branches in the phylogenetic trees, indicating that
CoV-HKUI is a distinct member of the group, and is not very
closely related to any other known members of Group 2
coronaviruses (FIGS. 4A and 4B).

In addition to phylogenetic analysis of the putative pro-
teins, CoV-HKU1 exhibits certain features that are distinct
from other Group 2 coronaviruses. Compared to other Group
2 coronaviruses, there is a deletion of about 800 bps between
the replicase ORF 1b and the HE ORF 2 in CoV-HKU1. In
other Group 2 coronaviruses, including MHV, SDAV, HCo V-
0OC43 and BCoV, an ORF of 798-837 bp (273-278 amino
acids) is present between the replicase 1b ORF and the HE
ORF 2. This ORF encodes a protein of the coronavirus non-
structural protein NS2a family (PFAM accession no.:
PF05213). The absence of this ORF in CoV-HKU1 indicates
that this is probably a non-essential gene of coronavirus. In
addition to the deletion, the N-terminal of the putative PLP in
ORF la contains 14 tandem copies of a 30-bp repeat that
codes for a highly acidic domain. Similar repeats, with dif-
ferent amino acid compositions, have been found in the
genomes of human, rat and parasites, but have not been found
in other coronaviruses. The function of these repeats is not
well understood, although some authors have suggested that
the repeats could be important antigens, and their biological
role may be related to their special three-dimensional struc-
tures. The vitellaria antigenic protein of Clonorchis sinensis
contains 23 tandem copies of a 30-bp repeat that codes for
DGGAQPPKSG (SEQ ID NO:20). In the case of Plasmo-
dium falciparum, it has been shown that the antigenicity of the
circumsporozoite protein is due to its repeating epitope struc-
ture. It has also been suggested that the tandemly repeated
peptide may induce strong humoral immune response in the
infected host and thus may also be useful in serological diag-
nosis. Further experiments should be performed to delineate
the antigenic properties, biological role, and possible clinical
usefulness of the repeat in the PLP of CoV-HKUI.
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The geographical, political, and economic location of
Hong Kong makes it a unique place for the study of emerging
infectious disease. Hong Kong, as the gateway of southern
China, with thousands of people crossing the border on sur-
face and by air every day, has a high potential of importing
and exporting infectious diseases to and from China, coun-
tries in Southeast Asia and from the rest of the world. In 1997,
the first 18 human cases of avian influenza A H5N1 virus
infection were reported in Hong Kong. In early 2003, two
cases of human infection caused by avianinfluenza A (HSN1)
that was acquired in Fujian, were diagnosed in Hong Kong,
which provided an early warning of the impending disease
threat for humans and poultry in Southeast Asia that followed
in 2004. For the SARS epidemic, although both epidemio-
logical and genomic evidence revealed that the disease had
first occurred in southern China in November 2002, it did not
receive as much international attention until the disease was
spread to Hong Kong and through Hong Kong to Singapore,
Toronto, Vietnem, and the United States of America. As for
emerging bacterial infections, 50% of the patients with gas-
troenteritis associated with the recovery of Laribacter
hongkongensis had recent history of travel to southern China.
In this report, one of the patients also had recent history of
travel to Shenzhen of China prior to the development of the
respiratory illness. We speculate that he might have contacted
the virus in Shenzhen. More intensive surveillance of emerg-
ing infectious pathogens in this locality is warranted.

7. MARKET POTENTIAL

The genome of CoV-HKUT is completely sequenced. This
allows the development of various diagnostic tests as
described hereinabove. In addition, this virus contains
genetic information which is extremely important and valu-
able for clinical and scientific research applications.

8. EQUIVALENTS

Those skilled in the art will recognize, or be able to ascer-
tain many equivalents to the specific embodiments of the
invention described herein using no more than routine experi-
mentation. Such equivalents are intended to be encompassed
by the following claims.

All publications, patents and patent applications men-
tioned in this specification are herein incorporated by refer-
ence into the specification to the same extent as if each indi-
vidual publication, patent or patent application was
specifically and individually indicated to be incorporated
herein by reference.

Citation or discussion of a reference herein shall not be
construed as an admission that such is prior art to the present
invention.

SEQUENCE LISTING

The patent contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (http:/seqdata.uspto.gov/?pageRequest=docDetail&DocID=US08092994B2).
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).
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What is claimed:

1. A method for detecting the presence of a first nucleic acid
molecule comprising the nucleotide sequence of SEQ [D NO:
1 or a fragment thereof or a full length complement thereof in
a biological sample, said method comprising:

() contacting the biological sample with a second nucleic
acid molecule that selectively binds to said first nucleic
acid molecule, wherein the second nucleic acid mol-
ecule comprises at least 45 contiguous nucleotides of
SEQ ID NO: 1 or of a full length complement of a
sequence comprising at least 45 contiguous nucleotides
of SEQIDNO: 1, and

(b) detecting whether the second nucleic acid binds to a
nucleic acid molecule in the sample under conditions of
strict hybridization.

2. The method of claim 1. wherein the second nucleic acid
molecule that binds to said first nucleic acid molecule com-
prises the nucleotide sequence of SEQ ID NO: 1 or a full
length complement of a sequence comprising at least 45
contiguous nucleotides of SEQ ID NO: 1.

3. The method of claim 1. wherein the second nucleic acid
molecule comprises at least 100, 150, 200, 300, or 350 con-
tiguous nucleotides of the nucleotide sequence of SEQ ID
NO: 1 or of a full length complement of a sequence compris-
ing at least 100, 150, 200, 300, or 350 contiguous nucleotides
of SEQ IDNO: 1.

4. A method for detecting the presence of a first nucleic acid
molecule comprising the nucleotide sequence of SEQ [D NO:
3 ora fragment thereof or a full length complement thereof in
a biological sample, said method comprising:

() contacting the biological sample with a second nucleic
acid molecule that selectively binds to said first nucleic
acid molecule, wherein the second nucleic acid mol-
ecule comprises at least 45 contiguous nucleotides of
SEQID NO: 1 or 3 or of a full length complement of a
sequence comprising at least 45 contiguous nucleotides
of SEQ ID NO:1 or 3; and

(b) detecting whether the second nucleic acid molecule
binds to a nucleic acid molecule in the sample under
conditions of strict hybridization.

5. The method of claim 4, wherein the compound that binds

to said second nucleic acid molecule comprises the nucle-
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otide sequence of SEQID NO: 1 or 3, or a full length comple-
ment of a sequence comprising at least 45 contiguous nucle-
otides of SEQ ID NO:1 or 3.

6. The method of claim 4, wherein the second nucleic acid
molecule comprises at least 100, 150, 200, 300, or 350 con-
tiguous nucleotides of the nucleotide sequence of SEQ ID
NO: 1 orof a full length complement of a sequence compris-
ing at least 100, 150, 200, 300, or 350 contiguous nucleotides
of SEQ ID NO: 1.

7. The method of claim 4, wherein the second nucleic acid
molecule comprises at least 100, 150, 200, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000,
1050, 1100, 1150, 1200, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000, 11000, 12000, 13000, 14000, 15000,
16000, 17000, 18000, 19000, 20000, 21000, 22000, 23000,
24000, 25000, 26000, 27000, 28000, or 29000 contiguous
nucleotides of the nucleotide sequence of SEQ IDNO: 3 or of
a full length complement of a sequence comprising at least
100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 650, 700,
750 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 2000,
3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000, 11000,
12000, 13000, 14000, 15000, 16000, 17000, 18000, 19000,
20000, 21000, 22000, 23000, 24000, 25000, 26000, 27000,
28000, or 29000 contiguous nucleotides of SEQ ID NO: 3.

8. A method for identifying a subject infected with CoV-
HKU1, comprising:

(a) obtaining total RNA from a biological sample obtained

from the subject;

(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
from a full length complement of SEQ ID NO:1 or 3.

9. The method of claim 8, wherein the set of primers
comprises first and second primers, said first and second
primers comprising the nucleotide sequences of SEQ ID
NOS: 4 and 5, respectively.

10. The method of claim 8, wherein the set of primers
comprises first and second primers, said first and second
primers comprising the nucleotide sequences of SEQ ID
NOS: 6 and 7, respectively.
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