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1. #&

[

AV YA NV IEF 2 QRIERERFEOREY A VA& L
C Fastier[14]ic & b 1957 ElzpHEE h, HAEEZSOHAIEL
BOWCELEEL, 2I0OY A VABREL LTEETHB[56]0
FCV @i/J\?f!"GI?ND—7°7&T%T:7ZCb\ 7.69kb D 75 A —4$H RNA ™
ANRTHBZ EDB9]. BHEINF VA NRLHEENTOE
B, R4V ROEFOEREN 2T~40mm L EIF VI ANVALDP
DREL, EEIZ 32 AOEANASND & WD BREENRHELE 60
~70 KDa QBE—A 7Y FEAD 6%52%2%% DL PERD,
EaNF oA NVAREREREIEPE N YU NVARE UTHY
Uk. 2UT. B9 MEBEELTS KV LULOBHY VDA
2Ly IEETEERIC X 2HEIRAASN[16], T ORHIREIM
5 4 U2 (rabbit hemorrhagic disease virus, RHDV)% European
brown bare syndrome virus 7% 72% 5 A )V R (Lagovirus)&.
ADHY Y AR M SR 5 Norwalk-like viruses J&
Sapporo-like viruses B 5B 2 BRIz, £L T, FOV I
BO KB ™ 4 VA (vesicular exanthema of swine virus)& &%

Iz 4 VR (Vesivirus) B MR E N7z[18]e BT A IV X DIR/R



Bz DWW IR (271 ofhlc, BB, 24BEFRLE
#9429, 531WEE[12, STIRERREEAE(32] L BT B Z L HNETH
ENTWE. FREFR. BWBIERERORONY VU A )V ARKHE
ETH DRI AN AERIE L X S UHERAPRESNEREINT
W7z[43]0 2 DREIZEHBTRAE LMW IV ZEEPHLWED
FEEOBRNC O LS REIPBURETZRMDPH 2 L RRINT
W3, COXSRBEEEDENMIOVWTE TR ZREITUA VAR
B T 2\ 3 IR 5 B A5(38], 2 DRDIER & OB
DNTIEE SN TN,

FCV D IIERLIE ™ 4 )V R RFIERERIC & - TElA S ., FURMEDOERE
BAHSNEH[3]. Z0 LS RFUEEOMRIKILEIME <, FOV I
MyE22H 12 B ESRN DO T— DD IER @ variants & ARSI NIz
[2.28,44], Z izt LT AD A Y ¥ D A )V R[6]3 L UF San Miguel
sea lion virus[51] (SMSV)IZREEERMyERL 24 3505, FCV IZHRE
ITBWT HRBEOMBERMSR SRV, —F. Kalunda 5 (1975) I
P BERE L IR TRV EE R D FIMRERH L. £U 7 F U IZH
BLTWB[28]c —A. FOV IZBPFICHEDERAICB W THFREDOE

LRI TEBPHSNTWS[26], FELZBEHPEERICTV T



VIR R L, ¥y VU P — L RAEAMNRSN D ZOTH LR
EAXNTWA[19], =, B, bDAEOHASEAIO—TLICS
W PO B HBEMIZE LWEEMNRONDZLIBMETNTVD
[9. 22, 30, 34]o T & > ic FCV DIMERFIH T SR\ = OTATHR
OEEM. M, ER. U7 F VIEFKROHBRE T 2EFH
FEEEH L < LTW\W5,

BifE. WAV ZOEEFERIIEFEERE LDV INVAD
%ﬁ%ﬁ?t%m%hIV%mNV@EE?@H%@ﬂ7VF§E®
BEFOVWTEDPRESIN[S, 39, 54]. ATV FEEFE
A,B,C,D,E,F @ 6 DDA & 7=[40, 48, 501, FCV. SMSV,.
RHDV 041 7S REEHOEIC &b, HBRIRESNEZ B DT
S L SEERERERTRT A G EFEECAT NE 2055 FOV
<DQ6§E#EﬁBéE@Ti/@EW#BE%E%ﬁ@%ﬂ%%
ﬁt%bn%wgﬁﬁﬁb<MM\@mm%tﬁéﬁémﬁﬁﬁ%
e rIhT\Wa[21, 37, 41, 47, 551

Seal[49]id = DBAREIH®D 33 7 I/ BRELS 12D W TR
BARWHUEM » BB L 0@ 2R L. ZOR, FOVERERFOD

ZIRBIEITIC £ B POV BRPSEDBZNIFRSHA SNz, LD L,



MBS FE10, BIBLTH 7Y FERFOBITICLBHREL
SRR 14] & OBIEME I D WTIRET S W BB R ERPR O NR
ot TOATY REEIFY A )V ZDHREEICEEMN ST
THOBEOEICHET 3 -DICERNELEZEI LBV LT N
EHENTWS, Geissler 5[141(1997)IXER > RERERZEZT
LR (BT K, AT %, 2MEIPRIESRE. BiT)» 500 L7z FOV
DH Ty RBEFOEFE HE LEY, BREBEFOREEEZH
EPICTBILIXTERP o, T, B 7 0—F VR UY
%ﬁﬁﬂ%tiof%ﬁﬁﬁt@%ﬁﬁ%%?é%ﬁﬁwﬁﬁﬁﬁ
BX iz o/=, Glenn 5[151(1999)% ORF1, 2. 3 SEIR D R A R
Frio X s E M, Hiik(geographic clustering), £fX(temporal
clustering) & OEEIRME 21T o 1225, BHRREEPR S NRD
270

FOV SEEFORMBHEIC L D EETFREEZHESPICT 2 —EHOH
BIES F QW le o =55, Radford & [46]1(1997)ix ¥ & 5 > #2ENE
B AEE LT A )V A DEETF & RREHIRNT U, RELRS OE&E
ZE DT YTV EEDY ANV ZADBREIER LT 2 WHEE 2 15T

Lo F 7=, Kuretz 5[311(1998)ik FCV255 7 & F LR DIEA D A



WRDFRMEEEEGEFRITICLVBHELMICLE. TOLIKEY
»F > 7L —2% (vaccine break) 2B 2§ v 1 )V X EGERE D
[9]EEY 4 NV RAOBREICET 28 EIC & W BERFIEERIIOR
IR DB M EICE N RFETH B PRI NTN D,
—H. ADAV YDA NVRZEATY RBLO RN AU AS—ED
BEFETC L D BEEFHANSTROAI6, 17, 19, 26] D¥F
o RHDV it 3 B OEEFRADBTDONTWS[L 33]e ThiZXL
T, i X 51T FCV i £MT@®ﬁU/@4wZ RehD XD
REEFEAADSNRVDIZ, FIATEZENT—F—DR6N
TWBEDTRRNVREIEHINE[], 2L REETFHOR
FICEAI N TWAEARDSERIED o5 FADHPEDLNTND
[14, 15]c 22T, HARTHEEL 2RR(HAR) LOETHRES 1L
=9 4 )V 2 (OREEE ) I D W R R FREIT 2 H A bbﬂ@f‘bﬁ%ﬁbf
W3 FCV DA FEEREETR . HEAKRIZOWTATY FIE
(ZF(B~F)&45 % RI-PCRFEICLVBIFE L. TA Y D—Z IR F —
crn—=y 7 LT, BERSEIER R Lz,

AT LD PV IZZ o 0EEFREAEINL I EPHL L

. HABEOREHBELET BT LRI NEDT, HIgEIZD



WTCIRETT 2 LRI, DO F VRSP SABENE 2 ROV I T

VIRFUWEIC DWW TIRET U o

2. RBRUTGE
2-1 MBIV A IV

TARTCOERICBVTY ANV ZOFERIIE R I BMgmED CREK
a7 BV 7= [8]0 CRFK MR B #ICIE 5% FRs RIEZ MR 721 —
27 )v MEM 2 B iz,

L8 D FRATIC AW BR TR L =55 S Bk 2 H AR L
L. B LICRT LS REsk2R 4THISRD, 2D 5 5 FOV-B
XD S SBES =D, DDA NV RAZAIOOME - 5 - HORY
w 7S ABEX N7, reverse-transcription-polymerase chain
reaction (RT-PCR)H & N AAIEKER. SURILIE DIERICIZIRERE U
< F9(ATCCVR782)\ CFI1/68(ATCC VR654). Bolin(ATCC VR649)2 AW
za

HATHBI N LA —XNF P, PAVA, BAFF F
4W, Za—Y—5 Y ROENETHRE S Witk (SLER) DIRAR

5113 GenBank 7» 5187 & D% WIZFAENTICHEA L= (F 1o



2-2 h7y REEFOI/IO—=2T
2-2-1 RNA OfH

REAREIC LD 7 0—=> 7 Lk FCV o b 1onl i 0.4
DEEEIZ NaCl 2Nz . 8% DBV =F L > 7)) 2—)L 80002725 X
5 |cZ@E L, 8000g 10 ARH&d Li=tkE% TE & 150 1l TBEH
L7=[23. 24]o COEABEHLIETANVAPE ISOGEN(= wR> ¥ —

Vo EEDICL D RNA 2 UL,

2-2-2 cDNA |

S AEERL S (L2 58BN RNA O cDNA OFERRI 0.1nM @
oligo(dT)12-18 % 1N % . Wiz E B2 (Gibco BRL, B )moloney murine
leukemia virus reverse transcriptase(M-MLV RT)IZ & D cDNA DE
B% 60°C1 BRID R TITV, 95°C5 B THEME L cDNA ‘é%‘%ﬂ%’%bt
[20]s
2-2-3 PCR

VERRE 7= cDNA I Seal(1994) #EIcRE Niz& 51z, CFI/68
HoH 7Y NG EBOEERS) 1087 »5 1757 BEH(B-F)2 23—

KL EBOCERESDROLSRT 4 v—2HW PR IZX n g



1§ L7=ocDNA I Y RT7T 4 v —5’ ~TTCGGCCTTTTGTGTTCC-3” (EERL
Bt &EB) TV F RV RTST4v—h -TTGAGAATTGAACACATC-3’
DZNnZhE 100 prol & Tagpolymerase(¥ #1 5. HR)% 3 BALT
SHNZ. 94°C30 FbDHALMRK, 50°COME 7o/ v — 7=~
5Ly T2C10 HOMERFT. T DR{ER 25 ERME UHIELE.
@ PCR I & b 1z 671 IEX A 572 % DNA ZEELE L 7[49],
2-2-4 rn—=7

PCRIZ & b BE1E & 172 H A BERR ODNAEEMIE ¥ = 2. 7 )VIZHENTA
ro—=> %% w p(Invitrogen, San Diego.CA,USA)%}ﬁ\L\D 0—=
L UE(R 1) [36]e 2 DOERB I O—VIZ DN TESIZIE L
7zo
2-2-5 EFIDHE

FCV A7 FEERETFESBT T A kDIEEEFNIE Tag R A7
¥y EEiES dideoxynucleotides ZAWZ ABI A — > —7
x> 9 —(Applied Biosystems, Foster City,CA,USA) THAE L 7= [45.
521, |
2-2-6 ELF|DENT

AREORIFICIE PR EMOTRO 7S (< —HAERE 310



ZE»S 580 BEHD 2Ll @OV I/ BEI—-FT3 11060 BEEPS
1739 ZHD X 77 L A F A 635 DIEEFH 2 HWET Lz, Rt
B VBRI B A% (neighbor-joining, NJ)¥EZ MW TIT2 7,
EEEERETH2D7— MM T v ZEOEER 1,000 @O
BLEFRo>TRDE. /. Seal[49]ic L b mEhizHuFE & B3
HT 3 E4HIS 426 BE DS 458 FE D 33 7 I BBEEIC OV THRR
BRI 2 BB 720 & ORGHEIEITIE Seal [49]DIME I HE > C THIE
weyk unweighted pair group method using the arithmetic averages
(UPGMA) (Seal 1994)T1T> 7z, |
ERGOWE, 73 BESIANOER, FEnY—(FERE)D

FeER. RSRARIT IS GENETYX-MAC Ver. 10, 3 &L UF GENETYX -MAC/ATSQ
3VZ MV My TRRMHR). RE)ZANWTIT2 2,
2-3 SRy

FORRIZRT T B3R ) 2 0 —F ViRl 10°1CID;,/nl D FOEE Y
LOURYE 20m] 259 3 7 HEO SPE R IOEMETENRS U, B
54 5EBICERM LT iE 2B L 2o
2-4 FYLFHIBER

SRSEHIERER: 1 U R 50°C50 S U, R



(TCIDg,) ZHIE U 7zo

FRIEHIMEERER ™ 4 )V A2 pH. 3.0 & pH. 7.0 2§84 L /=Mcllraine
fEERIC LD 1:10 ICHFR L SRHER TR ¥R, Bz 3
FE Lo

FEH BRI AR VA VARICEFED 0.267 4 F ¥ A=
B b 1™ L (Nacalai tesque Inc., Kyoto)iRhnfEReth2ing.
37°C1 BRI & et R 2 HAE L7z,

MDY URERSHRB VA NVABEEETED NV TV
(1:250, Nacalai tesque Inc., Kyoto)¥Sin#Ressthz inz 37°C1 ks
MRS E5k, BRPEMEzRELZ.

2-5 HFIEER

3T 96 5XD CRFK %BH@%%‘%L x4 a7l —h AN,
200TCID,/ml D™ 4 WV ZIEZ W20 D A )V A & MIFIE 1 =R
TRIBS ¥, BiEinz 250 | ERES ¥, CPE PEEICHERS
N3 72 RERICHE LUz,

2-6 SRERRRH
HIO Rz oW Tk, FI 120 2 HRESE» > 72D T K13 7 H

#o SPF iEx—» A& 3 AWK FI AU F V2R TIIHRSG L,

10



FCV-S #RICBWTIK 10 BE» 2 20T, | BlOv 2 F V&5 2T
o THEL 2o BTV FU%5%, £ 2 ry BRICZTAZLO
M4 V2% 50m LIEORS L. BREIES & ORI 2 HE
Uizo F 72, FOV-S 3854 $BMBICAO B ETY A VA 2ER
5Lk
2-T $REHAHT 175

AIFUAMO S AEER BT 2 EDICRAF2—F VD t 1R
k. M, EREHBT 22010 3 REREZEHE L. 2

By P>0.05 IZOWTIFHEREERL EHE LT

3. FE
3-1 B TR ORE
3-1-1 IREF ) D RN

FCV 725 RNA ZH#iHi L. RT-PCR BITWEIE LA 7Y — FEHE
Qo REREE T 6T EEREO AW E TAY D=2V I XYY
— A LTERE D= OWTEERN 2EE Lz (X 2). F4
K m St A AR A7 % & A ERK 30 BRO AT TT AR DIEEEFIZDWNT
NI iz & D R R ER L2 & 2 AR 4 1CRT & 5 ISR 285
78 (genogroup) I2 A, TTHRD > B 53 #R(69%) HELFE 1 I,

11



U4 BIR)DPEEFHINZBL W . IN6DT— bR NT VT
fElx 96.5%% 2L, WP CARIBVWEETERTRIIAT SN
o BETE L IZXSIELOAKNPSRE 2525 —(C1-T) &
BUTe 2NBDT— R M5 w FEIMENT &2 SR LB FE
CEBLTWE BEFEILREEISIZ9.T%D7— MR Moy TEZ
2 2 H#t(subgenogroups ) (I11a. I1b) 2 L /= . 1B{E FHEEE [a
I 13 8R(17%). IIb BEFEECIE 1L R4%) BEEL TN .
3-1-2 7 I B DRI

HERSIZ Y I BICER UTRRBOERZTo 2L 25 5
DR &S IR AU A N—2 6725 2 BETFE (A T1A)
2 KB Nz, IBEMFIOBITTIX 6.5%DEW T — A NT VT
EDRRD SN, 7 I BOHEIE 90.55 L PRENEZE T
Wiro Tz, BETFE IDIZEEEFICBNT Ila, 11b O 2 8EF
FEEHSEARICIER S NEM, 7 3 VB TIX 53.6%6&ENWT—hX M
v IEBEETEI NS INSIEBEFHEARINTEUEHELL
TRENE. ZOLSIRERFIDEIFICLZ AT IVERIDE
WT—F RS W TEERRT BRI L6 FOV OBERFEAZITIIC

HEERFZHAWEADPRNWI EDHEL P ER D,

12



3-1-3 7 I JBROLER

73 BORPBIRNTIC L DIEEEFIEFE U LS &R FE LI
ICRBIZNEDT, FAEE2HT 273 BOHEIC DWW T HEBRE
Uizo RIBICRT LD ICEGTFR] bERTFH I ICHETSLITI/
BREFIDNRONB FHEED 39 FHO7 I VBEI7 SV &Y
Oy YHNY YERFEAZ—NVTSZV,56THZBEDOTV S B
Ve, 2EFRO7 I BEBENL L I 0BEETHTER>D TV,
2. FBEHEMNT
3-2-1 HRID 54 8

AT IC L D POV X 2 BMOEBRFHICEBIINEDT, &
BICBETA IV EEMCILTE2IIRLE. BRTH 1 IIOVWTH
RKAw ARk, A XVREER WFFERR 7AVA Ik, =2 —Y
—SV R I #BEEBA—X NIV T 6 BT RTCERTR | IKO1
LCBh., BEFHIILICEIhSONETHEESI N FCVIEZEEN
o t. HEMDS B 23/47(49%) 3 EETFE 1 ICE L, BT
11 1% 24/47(51%) D HAMD AL B R > T\, 20 2 BEFEHOH
I EATAEES Wi IOV L oED IV oIt BN THEHL R

EMR S5 N7 (P<0.01),

13



3-2-2 HACABEINEFCV D  Hilf - BAISAHAD LR

BEFE LI KBET2EHAKIOVWT, Juil, f#. BEROF
HUAI SRR EE 3 ICR L. ThiZk B &, Uil Fi BER
TAOREX N2 FOV IRBEFRE 11 64%. 58%. 33% & ThZhirtn
L. BEEFE I ICIZEETIE 67T%ICAM LINTD 36% L D Z0
D5, ITE & JUNRICIZBEZE RERZX R S N b o 7o

IRl R SR B0 T RS NS OV CORE TR 1 1 Ta,
11 DR BEFEROAFRAEZELICE LD BEBIUVERERT
DEEI N I BRORTEEFEE D CEEFNA2HRERS AP
o 2. ZREBETCABINE S HRIIITARTERTFEH I KELTY
= o KB B L O BB S NEfkIZZh 2 THRH 5 4R (T1%),
15 #H 1L BT3NP BEFEHITICBLTVWE ZOXIICRICLS
THRICHESESNEDY, BEFH] CEGFHIIBLU A b
EEFEEICBIT 2 OV ORISR EEREREZZIRONR
Poizo
3-2-3 ERBUIC X B0

AFETHAVWENEGROS S NIZEBERRICHE~NS EEHWE

EHEENEDOT. HATHMS NERKRICOWT, BEFE I 11

14



T E N BBROERAAFRAEE 5 ICE LD, 1971 FpSH
HESNERIZLVZLOSHEDOENPRES N, BEFHLE
ROBEMEIZR S hiRh ok
3-2-4 FEEME

F Ak 20 4k & S ERk IR RS & 7 3 BRSO R % B L
%6 10| Uk MEFE | BLUEETFE Il 0ZhZhofETIEX
& T0%TRE OMERED RS h, HETFIOS S &\ FE 2 ROtk
W) | X N FOV-2 4k 2 FOV-6 4% T 99.8% TH oo B
BOERAMZTRTHOIERTFHE I OTAVAD FRI-NCI #k & %
D TEE 11 D FCV-15 ¥R 64.4%TH o 7z BIEFEE 11 OO
Akl & E CREOEVEREZE Lz, I OEWERIX—H
NUBREOHELZET2HDbH 20, BETE 1 LEEFH I
DHE—IEOETR LN, TV F UHRTFI LU o F v 2iRE LIZED
b, 8 U 73845 FBE 11 0 FOV-B ¥k 2 1 68.6% L {E <, M DIEEFBE
11 kR L B FCV-S2 4D T0% LIS 60 % FRE DMERIEZ TR LTV,
EZICERLTWEWSTIZA LI F U 2EK5 UTSEr oo L
FPRETE ] O HO0MKE I 3.8% L D0/MP ok i, BETH

[ O HAkR L & TO0%REOHEEER LT,

15



73 OBICERLUEEETE | H2EEFHIIOZNENOM
ClEKRE OYBECHAMMSR SN THE D, BERILDIERS
o BHEVARRNEZTITHIZEARRD M2 #k& FPL(Bolin) #RD
67.8%C. 7 A ) H1D FRI-NC1 #k & 1% 68.7, 7 A 1) 1 D NADC #R FCV-5
. KS20 Kk, ML3 BE &1k 69.7%~69.8% LIRWIEREMEZ R Lizo &
& E R IE FOV-2 #k & FCV-6 #kD 100% T3 o J=o ML5 #k & ML6 #K,
FCV-15 #k & FCV-170 B8 Z 2 h 99.5% T o 1o HAKR LANERR
Y ORI 0% EORENERT O ORRS N oz, FIRRE
HAOMEMITEETE [ o ML4 #kH 8L.8% LR BE <\ MLT #%
V1% 80.4%C. S21 KL IE T9.9% T B o Jzo LIRDHIOBR & 1X82.2%
L oOEWMEE R LT, BEETFEE 11 @ FCV-B#k &1 73.8% T, MLI
¥V 70.6% L B B oo FELT & F 4k FOV 255 #RiX F4 £k
Y IX 74.3%. FCV-BHEE T5.8% LR\, EETFHEE T O ML3#R, Sl
e, FOV-43 4%, HIO BR X 12 80% LA L ZET 2 OB RS NTZ0 CF1/68
Ml FARRLIE T1.0% EAE L MLT 4k 21X 8T. TR & OPEP Do U
b RE F9 B LT FCV 255 AR\ TN EETE 1T OHFREE
% 70% LEWHEERT LT\ E. ZO& SR T0%IEEDKWERR

FEETFER] CEETFRIIOKETOIRLONE,

16



3-2-5 R

AT AYHEIIRE CHEERFOBHSEE 2R L, AR S FE
SR~ DB OIEBOMDGEVF CIBEBRE NS, £ 2 20
A NRTERGE NS LR D, Fi, EROESIP S IFEIE
@ DOEFIALRTN L D TEBEVEVWREICH BEHPERT. &
WAERIME B - TV T b Z ORI OEFIBAET 2HEITITBT
LEFBLIIVIRV. M4 DL CERFE IOV NVRIKELD
CRREND T 5 AP —% CI~CTIZAT. ThZhO¥DEREZ
Bt Ulre B2 5 2AF —ICBVWT, BEDOHBEMENS LLBEIJENICS
phboT. BUEDIWEEUME - RicBWIaEahZzY 1
WRDE L CHLET AEADP RSN Tz

A AR PRV A 3B, A=A T UT 2K AF VR
1ﬁ\P%v1%@5ﬁ§@5@50ww@m%ﬁfﬁ%éntmo
Mt ZE T A N MLI12 ¥R EIE L BT 1994 FiomE
K2 #ElE £ 2D 2D LS0I2 ¥R L3ED o Tzo 7 A U AT 1957 FITARES
117 FPL(Bolin)kE$ & 18 1960 £ 12 438k & 1. 7= FRI-NCL £Ri FER-
oA NESEWAERECREEEE 97.2%. 73 /WEH'E

08.9%) % RKH, HEEREZEZRL TV,

17



C2 1 SRR EAREE FA Y LD SR T o CBIEA—R M7
D7 3Kk BT 28, T A UK L EREACERE 1 Bk SN 2 BRDYIN
hoTne CO3 b, F—2 b5 7O VT4 # & V276 HIXAER
Ve (A RN 98.1%. 7 3/ ERAEEINE 99.2% ) S p o 120 C4 1A
FFIMEAL XY RD LTI FRY —BIED Tz R BT T D3
¥E(60%) 1% 1991 £EIZAMBES N7z 2 Bk 82857-91 #k, 89243-91 R & 1987
FEICAEEX NT= 28043-87 Bk & DEES Nz EDER - THVED JER
1B AR RN (BRI 95. 7%, 96.7%\ 73 ERAE R 98.3%:
98.49%) %R LT HE D EEMEGEER LTz, B IERAY 2 &
KSA0 #: & KS8 #k(HaEABEM: 73.6%., 7 3/ BRFEREIME 79.8% ) & 77 X
D ik, HEMEDP SR TWE, C6IXAFUR 2K, TAUD
k. ARGHDPEROTVE, (TIRIE=Za—Y—F Y 1R U
pFUBED FO #E, 4 BROBEMRDPEZTN TV HARRICE 2000
ElrSBTAEINE L4 BPEENTWE. TAYB AFH,
+—2 NS Y P THEINEETCIREREIEEREARIND
BRBSTRD SN=D, EEFE | D BEARICIEEWVEREZRE > TY
HIEGERERTHRIIESNRP o,

ZNITR L. BEED 5 72 2BETE 11 o [a &5 FEECEMH

18



2| [ CABEX 7= FOV-1 Bk, 2 k. 6 4k, 1L #RDSIER ICRV AR (R
EARENE 99.5%~99.8%. 7 I/ BRMEREIME 99.5%~100%) 2R H#
SRR L. FOV-2 BRiZ 1989 FIC RS hi=hs, TNRSD
BT 1990 Ei- AHEX N=. Th S DRRICIER, BETHBESNE S
B 1J-F-0 8k KI0#E. IJ-F-4 #RIZDDEVARMEZTR L TH DD,
S ITAIE LTV E. 1Ib RBWTHBWHERME T TP RS N,
2| | GBS L7 FOV-15 %k & FCV-170 #R(GREMEM 99.5%. 7
2 ) ERAEREME 99.5%). HE, KR, MIICoRE hk HE# | ML2
#e ML . ML5 BR(EEARREM: 99.2%. 73/ ERHERIE 98.6%~
99.19%). FU <)l S1#k, S 24k, WIRoD ND35 #k (SRR L
09.49%. 7 3 J ERAEEIE 98.6%~99.1%). HH D TOKY0L DA Z
Nz NIEE BV 2R o GERBIRICH o 2. Tl FOV-B
ﬁ@:ﬂ%@ﬁt%%§<mﬁﬁbfmto |
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Feline calicivirus(FCV) causes an acute, highly contagious
disease in cats especially in kitten. That is called the FCV
infection characterized by upper respiratory disease, pneumonia,
ulcerative stomatitis or gingivitis, and occasionally, enteritis or
arthritis. The FCV particle is recognized by nonenveloped
icosahedral symmetry with a diameter of 27 to 40 nm. The virion
consists of a positive single-strand of nonsegmented RNA with 32
cup-shaped depressions on the capsid. The capsid is composed of a
single major polypeptide, and serologically, the FCV is regarded
as belonging to one single serotype.

The molecular epidemiological study of FCV was performed
and induced a genotypic classification for Japanese and foreign
strains by phylogenetic analyses of the nucleotide sequences and
amino acid sequence(370~580) of the capsid-coding regions(B
through F) with examination of their isolations, ages, locality,
pathogenicity and serological properties. These results suggest
usefulness of developing a norvel vaccines directed against strains

for which conventional vaccine has limited effectiveness.

1. Genotyping
1-1 Genotype grouping

The construction of a phylogenetic tree for 77 strains divided
FCVs into two distinct groups of genes. Of the 77 strains, 69%
and 31% belonged to gene group I and II, respectively. Their
bootstrap values were high at 96.5%, showing that both gene
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groups were divided into two genotypes with a high probability.

Gene group I formed clusters consisting of many branches,
but their low bootstrap values did not allow any of them to be
distinguished from gene group I, whereas gene group II indicated
a bootstrap value of 99.7% and formed two gene subgroups(Ila
17%, IIb 14%).
1-2 Phylogenetic analysis of amino acid sequences

A phylogenetic tree was constructed by converting
nucleotide sequences into amino acid sequences, which were
broadly divided into two gene groups(IA, ITA) consisting of similar
members as in the phylogenetic tree of nucleotide sequences.
Since the IIa and IIb subgroups could not be clearly distinguished
bacause of a low bootstrap value of 53.6%, they were regarded as
the same gene group. These results indicate that nucleotide
sequence-based analysis is more sensitive in analyzing genotypes.
1-3  Comparison of amino acids

Multivariate analysis of the amino acids common to group I
or IT showed that gene groups I and II differed in two amino acid
residues, that is, the amino acids at position 539 in the F region
were alanine or proline in group I and valine or phenylalanine in

group II, and those at position 557 were glutamine and serine,

respectively.
2. Epidemiological analysis
2-1 Comparison of distribution by country
Genotype classification of FCVs by country of origin showed
that the foreign strains(German, English, Canadian, USA and
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Australian) and about half of the Japanese strains belonged to
gene group I, while gene group II consisted only of Japanese
strains without any foreign strains. There was thus a clear
difference between the two groups(p<0.01). These results indicate
that FCVs of group I are widely distributed throughout the world,
while group IT FCVs are restricted to Japan.
2-2 Comparison of distribution of Japanese FCV by regions and
prefectures of isolation

Japanese strains belonging to group I were distributed in
the Kyushu, Kinki and Kanto regions, showing no significant
differences among regions. No significant differences were noted
in the distribution of group I and subgroups IIa and IIb eithes.
2-3 Distribution by ages

The distribution of gene groups I and II of Japanese strains
did not differ significantly according to ages.
2-4 Homology

The Japanese and foreign strains showed approximately
70% nucleotide sequence homology whithin each of gene groups I
and II. The highest homology of 99.8% was found between the
FCV-2 and FCV-6 strains isolated in Kanagawa prefecture, while
the lowest homology of 64.4% was observed between the USA
strain FRI-NCI and the Kanagawa strain FCV-15. The homology
between group I and II tended to be low at 60% to 70%.

Strains whithin each of gene groups I and II had
approximately 80% amino acid sequence homology, higher than

nucleotide sequence homology. The FCV-2 and FCV-6 strains
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showed the perfect match of 100%, and the Japanese strains ML2
and FPL(Bolin) showed the lowest homology of 67.8%. The
homology between gene groups I and II was low at about 70%, in
agreement with the difference in genotypes. The vaccine strains
F9 and FCV255 belonging to gene group I had low homology with
the Japanese strains in gene group II, suggesting that the
Japanese strains used in this study are genetically distinct.
2-5 Relationship

The strains classified as gene group I were divided into
seven clusters(C1 through C7) to analyze their relationship. The
nucleotide sequence of FCVs isolated in the same coutry, region or
prefecture tended to be located close to each other. The
FPL(Boh'n) and FRI-NCI strains belong to C1 isolated in USA in
different years shared a high homology(97.2% nucleotide
homology and 98.9% amino acid homology), suggesting that they
prevailed in those years in the same country. Such marked
relationships were also found in the Austrakian strains V274 and
V276 in C2 and three Canadian strains in C4.

These strains originated from prevalent disease in different
years did not show a significantly high homology with the
Japanese strains in gene group I. On the other hand, among gene
group II viruses, the FCV-1, FCV-2, FCV-6 and FCV-11 strains
isolated in Kanagawa showed high homology with one
another(99.5% to 99.8% nucleotide homology and 99.5% to 100%
amino acid homology). Similarly, among gene subgroup IIb, the
FCV-15 and FCV-170 isolated in Kanagawa, the H1, ML2, ML5

5



and ML6 strains isolated in Tokyo, Osaka and Kanagawa, the S1
and S2 strains in Kanagawa, the ND35 strain in Ibaraki and the
TOKYO 1 strain in Tokyo showed high"homology with each other.
Thus, gene group II strains isolated in Japan also prevail in a
limited area, and closely related viruses prevail over different
regions.

2-6 Relation to pathogenicity

The relationship was investigated between the nucleotide
sequences of strains isolated from cats without any respiratory
symptoms ahd - their pathogenicity. Among strains causing
diarrhea and showing resistance to pH 8.0, the FCV-43 and
FCV-170 strains belonged to gene group I and gene subgroup IIb,
respectively, clearly indicating different genotypes. Similarly,
three strains causing chronic gastritis, two strains causing acute
gastritis, and two strains from healthy individuals formed
different clusters. Two of the three strains derived from cats with
claudication belonged to the same cluster, but was located a little
apart from each other. Thus, it became clear that nucleotide
sequences did not correlate with pathogenicity.

The FCV-Ari strain having similar pathogenicity to rabbit
hemorrhagies disease virus showed very low nucleotide sequence
homology of 70.4% and 74.7%, with the FCV-S strain isolated
from a cat dying suddenly and the H10 strain from cats dying of
experimental infection, respectively. This is indicating a great
genotype difference.

9-7 Serological properties



The relationship between the neutralizing antibody titers of
feline anti-F9 serum against 21 Japanese strains and the gene
groups was analyzed. The mean antibody titers against gene
groups I and II were 20.5 and 11.3, respectively, with no
significant intergroup difference. These indicate no association
between antibody titer and genotype as shown to date.

2-8 Phylogenetic analysis of antigenicity-related E hyper-
variable region and neutralizing antibody reactivity

Using a phylogenetic tree constructed by the UPGMA
method, the correlation was investigated between the reactivity of
the 21 Japanese strains for the neutralizing antibody in feline
anti-F9 serum and the antigenicity-related E hypervariable
region(amino acid sequences 426-458). FCVs were divided into
clusters EI through EVIII to compare the reactivity of the
cluster-composing members. In gene group I, the F9 strain and
the Japanese strain S21 were close to each other, and the S21
strain had a high antibody-neutralizing titer(1:89.6), but the
reactivity differed according to groups. Gene group II included the
low-reactive H10 and FCV-43 strains and moderately reactive
MIL4 strain; group III, the high-reactive FCV-5 and
moderately-reactive FPL-NC1 strain; group IV, the high-reactive
ML-7 strain and moderately-reactive ML-3 strain; group V, the
FCV-2, FCV-6 and FCV-11 strains with the same amino acid
sequence and similar reactivity; and group VI consisted of 11
Japanese strains(three low-reactive strains and eight

moderately-reactive strains) including the FCV-B strain. The
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FCV-15 strain(Kanagawa, 1990) and the FCV-170 strain
(Kanagawa, 1996) had the identical amino acid sequences, and
the H1 strain(Tokyo, 1998), the ML2 strain(Osaka, 1997), the
ML5 strain(Kanagawa, 1997), and ML6 strain(Osaka,1997) also
had the identical amino acid sequence and similar antibody titers.
However, this group included the high-reactive foreign CF1/68
strain. Thus, the reactivity to antibody did not agree with clusters.
The S21 and F9 strains differed in amino acid sequence at seven
positions. The CF1/68 strain had the same amino acid sequence as
some of the 11 Japanese strains, but differed in seven amino acids
from the S1 strain located close to CFI/68 strain and in
13/33(89%) from the FCV-15 strain located a little apart from the
CFI/68 strain. Thus, strains in the same cluster did not show high
homology and this supported non-correlation between E
hypervariable region amino acid sequences and serological
properties.
2-9 Phylogenetic analysis of genetic E hypervariable region

A phylogenetic tree of the above described amino acid
sequences was constructed by the NJ method. These clusters were
regarded as the same group because of their low bootstrap values,
and did not fall into distinct genotypes.
3. Evaluation of resistance to vaccines

The H10 and FCV strains isolated from vaccinated cats were
genotyped and evaluated for resistance to vaccines. The H10
strain and FCV-S belonged to gene group I and II, respectively,

showing different genotypes. SPF cats immunized with a
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commercially available vaccine(F9 strain) were challenged with
these two strains, and evaluated for anti- ~ infection ability.
3-1 Protection against H10 infection

Since the F9-immunized cat’s sera were detected only a low
antibody titer against the H10 strain, four cats were inoculated
theree times with a commercially available vaccine(F9 strain) to
raise antibody titers. These four SPF cats and three un-
vaccinated SPF cats were administred the H10 strain nasally and
orally. Of the unvaccinated cats challenged with the H10 strain,
one died with high fever, and two had diarrea in the early stage,
recovering eight to 14 days later with respiratory symptoms.

Vaccinated cats with low antibody titers showed a marked
increase in antibody titers on the challenge with the H10 strain.
The cats with high antibody titers did not show a marked
increase in antibody titers, but tended to have higher antibody
titers than the cats that showed low antibody titers. All four cats
developed transient fever, but survived without any respiratory
symptoms. Similar to the unvaccinated cats, the cats with low
antibody titers tended to show an increase in white blood cell
count 1 day after the challenge, excreting viruses for as long as 13
days. These results indicate that vaccine administration
suppresses the onset in cats with low antibody titers, but can not
inhibit the infection, secreting viruses for long periods, and
suggest the possibility of producing a vaccine-resistant strain.

3-2.  Protection against FCV-S infection

| FCV-S was a strain of FCV isolated from the spinal cord of
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two cats(of five vaccinated cats) dying suddenly, and showed
resistance to pH 3.0. Since the neutralizing antibody titer was
about 10 times lower than that in F9-immunized cats, the FCV-S
strain was administred nasally and orally to four cats that had
been vaccinated once and two unvaccinated cats. The antibody
titers were low at 1:80~640 against the F'9 strain and 1:40 against
the FCV-S strain, and markedly increased against the F9 and
FCV-S strains after challenge with the FCV-S strain. The four
cats did not show a marked antibody response on the second
administration, whereas the unvaccinated cats showed a marked
secondary response. Both the vaccinated and unvaccinated cats
had an elevated temperature and elevated white blood cells and
diarrhea, and excreted viruses for six days. Three control cats
that had been administered only culture medium containing no
viruses had no diarrhea. Challenge with the FCV-S strain did not
produce respiratory symptoms but caused diarrhea. This appears
to be related to the fact that this strain has the physicochemical
property of being resistant to pH 3.0. Since no protective effect of
vaccination was observed, the FCV-S strain seems to have a
resistance to the vaccine. However, the second administration did
not cause diarrhea or other clinical symptoms, suggesting that
the administration of appropriate vaccines prevents infection. It
is considered that in the future, it is important to develop
vaccines against FCVs in gene group II so that they can be used

in combination with vaccines against FCVs in gene group 1.
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1abl 1 Urigins or rivv 1sclates anaiyseq i tnis swuay

Isolate Year Country Location Disease Complex GenBank
KS20 1994 Germany Chronic stomatitis X99447
KS8 1994 Germany Acute Stomatitis X99449
KS40 1998 Germany Acute respiratory disease X89448
KS109 1885 Germany Chronic stomatitis X99446
KCD 1957 New Zealand Acute respiratory disease L09719
258cvs484 Unknown  Australia Unknown AF038383
V276 Unknown Australia Upper respiratory disease and Ocular disease AF032106
V83 1972 Australia Pneumonia AF031876
Vi1 1879 Australia Abortionthroat ulcers AF038126
182¢cvs5A 1980 Australia Conjunctivitis, Ocular disease AF031875
V274 1989 Australia Upper respiratory disease and Ocular disease AF031877
L5015 1985-1988 UKsxx Chronic stomatitis AF103464
F65 1990 UK lameness and OD AF109465
A4 1973 UK URTD AF109468
JOKB3 1985-1988 UK URTD and OD AF109466
LS012 1985-1988 UK Chronic stomatitis AF109467
FPL(Bolin) 1857 USAx Panleukopenia 06652
FS 1958 USA Stomatitis 06650
FRI-NC1 1960 USA Upper respiratory disease, conjunctivitis uo6647
Urbana 1960 USA Upper respiratory disease and Ocular disease  L40021

F9 1960 USA Upper respiratory disease and Ocular disease M86379
CF1/68 1860 USA Upper respiratory disease, conjunctivitis U13992
FPL-NCI 1960 USA Enteritis 106653
FCv-255 1970 USA Pneumonia and Ocular disease U06646
NADC 1986 USA Healthy L19718
LK 1983 Canada Limping syndrom U17131
2280 1983 Canada Limping syndrom X99445
28043-87 1987 Canada Unknown u0s645
82857-91 1551 Canada Unknown U06648
89243-91 1991 Canada Unknown uo6651
F4 1971 Japan Tokyo Acute respiratory disease D31836
ND35 Unknown Japan Toaraki Unknown AB055445
FCV-1 1996 Japan Kanagawa Acute respiratoty disease this paper
FCv-2 1989 Japan kanagawa Acute respiratoty disease ABO55446
FCV-5 1990 Japan kanagawa Acute respiratoty disease ABQ55447
FCV-6 1990 Japan kanagawa Healthy ABO055448
FCv~-11 1990 Japan kanagawa Acute respiratoty disease ABO055449
FCv-15 1390 Japan kanagawa Acute respiratoty disease AB055450
FCv-B 1993 Japan kanagawa Exitingdeath ABO055451
FCV-43 1894 Japan kanagawa Upper respiratoty disease and diarrhea AB055452
FCV-170 1986 Japan kanagawa Upper respiratoty disease and diarrhea AB055453
ML1 1996 Japan kanagawa Unknown AB055454
ML2 1997 Japan Osaka Unknown ABQ55455
ML3 1897 Japan Tokyo Unknown AB055456
ML4 1997 Japan Osaka Unknown ABQ055457
MLS 1997 Japan Kanagawa Unknown ABO055458
ML6 1997 Japan Osaka Unknown AB055459
ML7 1998 Japan Hokkaido  Unknown AB055460
ML12 2000 Japan Nara Unknown this paper
ML13 2000 Japan Nara Unknown this paper
ML14 2000 Japan Nara Unknown this paper
ML19 2000 Japan Nara Unknown this paper
St 1998 Japan Kanagawa Acute respiratoty disease AB055461
82 1998 Japan Kanagawa Acute respiratoty disease AB055462
S21 1998 Japan Kanagawa Acute respiratoty disease ABO055463
Tokyo 1 1998 Japan Tokyo Respiratoty disease this paper
H1 1998 Japan Tokyo Acute respiratoty disease ABO55464
H10 1999 Japan Tokyo Respiratoty disease AB058648
H17 1999 Japan Tokyo Respiratoty disease this paper
Kt 1994 Japan Kumamoto Unknown AB058643
K2 1994 Japan Fukuoka Unknown ABO058650
K3 1994 Japan Nara Unknown ABQ58651
K4 1994 Japan Osaka Unknown ABO58652
K5 1094 Japan Fukuoka Unknown ABO058653
K7 1994 Japan Osaka Unknown AB058654
K8 1994 Japan Osaka Unknown ABQ58655
K9 1994 Japan Osaka Unknown AB058656
K10 1995 Japan Fukuoka Unknown AB058657
K11 1995 Japan Fukucka Unknown ABD58658
K12 1985 Japan Kumamoto Unknown AB058659
J-F-3 1998 Japan Fukuoka Respiratoty disease ABO058660
1J-F-4 1998 Japan Fukuoka Respiratoty disease ABO58661
IJ-F-5 1998 Japan Fukucka  Respiratoty disease AB058662
J-F-7 1999 Japan Fukuoka  Unknown ABO058663
1J-F-9 1999 Japan Fukuoka Unknown AB058664
S103 2000 Japan Kanagawa Unknown AB058665
haraki i  Unknown Japan Ibaraki Unknown this paper

s USA=United Staes of America

xx UK=United Kingdom




Table 2 The relationships of isolates between the countries and the genogroups I and II.

Genogroup UK  Germany Australia USA Canada  Japan Total
and New Zealand

I 5(100)*  4(100) 7(100) 9(100)  5(100)  23(49) 33

I 0 0 0 0 0 24(51) 24

Total isolate 5 4 7 9 5 47 77

per country

*Figures in parenhteses are percentages



Table 3 Distribution of genogroups of isolates from cats at different sampling sites.

Area isolated (%)

Genogroup Kyushu Kinki Kanto Total
I 7(64) 7(58) 7(33) 21
I ITla 4(36) 3(25) 6(29) 13
Ib 0 2(17) 8(38) 10
Total 11 12 21 44




Table 4 Distribution of genogroups of isolates from cats in each prefcture.

Prefcture Isolated

Genogroup  Fukuoka Kumamoto Osaka  Nara Kanagawa Tokyo Ibaraki Hokkaido Total

I 5 2 2 5 4 3 1 1 23
I IIa 4 0 3 0 3 1 0 13
Imw 0 0 2 0 6 2 1 0 11

Total 9 2 7 15 6 2 1 47

h




Table 5 The relationships of FCVs between the year of isolation and the genogroups I and II

Year
Genogroup 1971 1989 1990 1993 1994 1995 1996 1997 1998 1999 2000 Total

I 1 0 1 0 6 2 0 2 3 2 5 22

oI Ia O 1 3 0 3 1 1 0 2 2 0 13
I 0 0 1 1 0 0 1 3 4 0 0 10

Total 1 1 5 1 9 3 2 5 9 4 5 45
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Table 7 Cluster and clinical signs patterns associated with the isolates

Strain Clinical signs Genogroup-Cluster
FPL-NCI enteritis I-C1
FCv-43 enteritis I-C2
FCV-170 enteritis 1Ib
LSO12 chronic stomatitis I-C1
LSO15 chronic stomatitis I-C4
KS20 chronic stomatitis 1-C1
KS8 acute stomatitis I-C5
KS109 acute stomatitis I-C2
Fé65 lameness I-C4
LLK limping I-C3
2280 limping 1-C3
FCV-6 health Ila

NADC health I-Cé




Table 8 Nucleotide sequence homology(%) within the region E of FCVs

in Fig.6
Nucleotide
strain Fo FCV-An FCV-S H10
F9 76.4 74.5 77.9

FCV-Ari
FCV-S
H10

70.4




Table 9 Relationships between genogroups and neutralizing antibody titers.

Genogroup Isolate NT titer MeanzSD

FCV-5 1:179.29
FCVv-43 1:5.6

I ML3 1:11.2 205+5.5
ML4 1:16 (n=7)
ML7 1:64
S21 1:89.6
H10 <l:14
H1 1:8
ND35 1:2
FCV-2 1:32
FCV-6 1:89.6
FCV-11 1:44.8
FCV-2-15 1:8

Il FCV-B 1:8 113+£26
FCv-170 1:11.2 (n=14)
ML1 1:11.2
ML2 1:11.2
ML5 1:11.2
ML6 1:5.6
S1 1:5.6
S2 1:8

a) Reciprocal titer
NT) Virus neutrarization test.



Table 10 Clinical history of a cat of H10 stain infectious disease.

Location Date Disease complex Sex Breed Vaccination

Tokyo 1999.2,26 Respiratory Female Japanese Yes
Disease cat (1998,5,31)




Table 11 Antibody response to H10 and F9 strains in F9 vaccinated cats

Antigenic No.of cat Post-inoculation of challenge virus of H10 strain (week)

VITuS 0 1 2 3 4
1 64 179 128 179 358"
2 256 357 358 358 358
3 256 357 256 358 256
F9 4 8,192 8,192 8,192 8,192 8,192
5 2 <79  death
6 NT NT NT =8,192
7 NT NT NT =8,192
1 <2 16 45 45 32
2 <2 229 128 90 32
3 45 358 256 358 358
H10 4 90 179 236 179 179
5 =2 =2 death
6 NT NT NT =8,192
7 NT NT NT =8,192
a) 5 days post challenge
b) Reciprocal titer

NT) no test



Table 12 Clinical history of post-challenge by H10 strain

Vaccination Cat No. Body temperature White blood cells/mm° Releasing period Disease complex

© (day)

Yes 1 39.6(6)” 21700(1) 13 fever

2 NT 15200(1) 13 NT

3 39.3(3) 11100(1) 7 fever

4 39.8(5) 10900(1-2) 4 fever
No 5 40.8(3) 19600(1) 5 acute death with fever

) 39.2(1) 11150(1),29875(8) 13 diarrhea,respiratory,fever

7 39.1(1) 15375(1),21975(7) 13 diarrhea,respiratory,fever

NT) no test

a) days post challenge.



Table 13 Isolation of virus from two cats manifesting an exiting state and three cats with no
clinical signs, and cats kept together.

Cat Viral Body  Clinical
No.Specimens isolation  Breed Sex Age weight sign _ Vaccination
1 Cervical spinal 4/4Y  Siamese M - Tyr 4.0kg Deathtwo Unknown
cord” days post
Lungs 4/4 exciting
Tonsil 4/4
Large brain -
Smoll intestine -
2 Jleum 3/4 Mongrel M 4yr 3.8kg Death two Yes
Medullar 1/4 days post
oblongatab) exciting
Cervical spinal 1/4
cord :
3 Ocular - Chinchilla M 6yT 2.4kg  Nosign Yes
Oral” 2/4
Nasal -
4 Ocular - Chinchilla M 2yr 2.6kg  Nosign No
Nasal -
5 Ocular - Unknown Unknown Unknown Unknown Nosign  Unknown
Nasal -

a-c) FCV-S,FCV-B,FCV-SAKURA
d) Number of viral isolation postive tubes /Number of cell tubes
M,Male ; - Negative



Table 14 Neutralization test of isolates FCVs-S,B and

SAKURA strains

Immunized cat serum
Strain F9 FCV-S
FCV-S 224 1,280 ¥
FCV-B 160 2,240
FCV-SAKURA 160 2,240
FCV-2 640 120
FCV-6 1,792 160
FCV-11 896 40
FCV-15 160 200
FCV-43 112 40
F9 2,560 620

a) Reciprocal titer



Table 15 Virus neutralization titers post-inoculation of FCV-S,

Vaccination Post-inoculation of FCV-S (week)
No.of cat _Antigen 0 1 2 3b) 4 7
1 FCV-S <40 2,560 2,560 2,560 >20,480 20,480 ?
No F9 <40 1,280 1,920 1,280 >20,480 5,120
’ FCV-S <40 2,560 1,280 1,280 >20,480 20,480
F9 <40 2,560 960 640 >20,480 3,840
3 FCV-S <40 640 5,120 5,120 5,120 5,120
F9 160 2,560 3,840 7,680 1,200 2,400
4 FCV-S <40 120 3,840 5,120 5,120 2,560
Yes F9 224 1,280 1,280 10,240 10,240 5,120
5 FCV-S <40 80 960 2,560 3,840 1,280
F9 80 240 640 960 640 320
6 FCV-S 40 160 5,120 7,680 5,120 5,120
F9 640 960 5,120 3,840 NT 1,600
a)Reciprocal titer NT)no test

b)Cats were challenged 3 weeks after primary challenge.



Table 16 Physicochemical characteristics of isolates FCVs-S, B SAKURA and some

field FCVs

Heat stability(50°C) pH stability ~ Bile sensitivity Trypsin sensitivity
Strain no heat 50min. 3.0 7.0 no bile bile = no trypsin trypsin
FCV-S 55 075 375 45 60 175 6.0 2.75Y
FCV-B 6.5 0.5 425 55 6.5 2.0 6.5 2.5
FCV-SAKURA 6.5 1.0 525 6.0 6.5 175 6.5 2.5
FCV-2 575 2.0 275  5.75 6.0 3.25 6.0 5.5
FCV-11 5.0 0.5 0.5 5.75 5.5 1.5 6.5 6.5
FCV-15 45 0.5 0.5 4.5 NT NT 6.5 6.5
FCV-43 NT NT 55 6.5 6.5 6.5 NT NT
F9 6.0 3.0 2.5 5.25 15 1.5 5.0 25

NT: no test a):Viral titer (Log TCID;,/0.1ml)



Capsid region of FCV
No. of Nucleotide
1087 . 1757

No. of Amino acid
377 B 397 C 402 D 426 E 521 F 576

426 458
(hypervariable regoin)
461 - 489
(constant region)

PCR product

TA Vector

Figure 1 PCR-amplified FCV capsid region, including E hypervariable region (B-F),
and TA cloning vector. C-terminal B region (amino acids 370-396), C region
(amino acids 397-401), D region (amino acids 402-425), E region (amino acids
426-520) and the N-terminal F regoin (amino acids 521-580).



Isolate {No. of nucleotide)
(1105)

o1 v77 1 -AGGCCAACC-GCCACTTCGATTTCAATCAAGAAACGGCTGGGTGGAGCACACCAAGATTTCGGCCGATCACAGTTACCATT 80
22 've3 Ame T TimAeiiesnaiiieeiiBoreriAuneiCovennannenaaCToi CLAC T, TALC..T... 80
23 ML19 [ YETRRT Y 2 SUDUIE SODUY IO TN ST P A .A..T.....C..T..A 80
04 Urbena - e ATC AT T i e erineeannns Teveeihernanennn i A A A A... 80
05 Lse12 AviC.Aoe . QT ACT. GAT. . AuCornGrnGornrons Roneoneinvnnsarinsaenae CouTo o ALCLuAL .. B8O
26 X2 A..CAA-.T.GT.ACT. .GAC..CA,T-.. G..GA.......C......T.T.........A....A.,...TA.C..TT.G e
o7 H1® Ac-..A....GC.ATT..GAT...A.T-..GeooovhAunoTueeo Teennne G CALL .. C...T.CA.C..A..C 8O
08 ML12 e A T GT.ACT. CGAT. . CA. T ns s ToneeannneeeeAcAL AL .. TALALLAC.A 80
@9  FRI-NCI A.-..T,...GT.ACT.CGAT...A.T-..6..G..T.....C..... v iCrvaui€llY..A..T..C..C..A... 80
18 Bolin A.-..T....GT.ACT.CGAT..GA.T-..G..G..T..... Covevrnennns Coviv€ooTo Al T..C..CL AL, 8O
11 Ksz2e ~evr AL T G ACT..GAC.. A T=.evtuGocherneeCornneeanGoonTuGern o ToConl TL L CLALL A 80
12 5103 AvmeAAlA G TeTeusaennnaneneeiTereaiConeeaTerenrnnnesCCuCuiAnn.n. . Tou. 80
13 521 e A ARG T T T € G T ee e s C..T.AvAeecn.... 80
14 FCV-43 Ao~ A -ATAA.T..Ter e TereeiBueeeaCorieeCanennannnns rinreaiCoiCiiAirea....AL.. B0
15 ML3 AcomAc-A A A T Teidierenn6oenn€onConTur e TeuGue oo CouALLCLLAL L ALCL AL .. 80
16 Ksies A= Al AGA-..... TeeieTeeiieaeeeeTee i Taeiciiinnnaaanes 0T €6 ... .C..A..G 80
17 ML4 AvemTeeiiGTmee e TeuCunniininnneennesesToen T TCen e e WAL L. W TALCL AL 80
18 258cvs484 AcimiAl . GCATT. <TovvneeeCunrvrnnnnnneedCunnnnn v .T..G..C...AACCAAT..CGGTTACCA 80
19 2280 Avom Aue  GALACT. =T e e Tue i BueeeTeriineeneenne GouGaauy Cono o JAL--TA.C.GTTACAA 78
20 V276 mee e T TaGCATT -To o Coveee e aGeuBuneneeaCoves TeuGunennrooAur Ave - C.GITAC.A 78
21 vz74 e T T GCATT. T Coerir e e GueGaennnnns CoveoTusGoonvewesshAeus Aua == C.GTTAC.A 78
22 LK Ao A TLGTLACT.-Tuu oo Ter et G Gon G Teee e ToiGuneeeee e s  CouAL . - CLGTTACAA 78
23 CFI/68 v e ATC A e TueieeniConriiGuiA A TeviieeeaCoeeGouua CoAL T, TALC--AC.A 78
24 NL7 AcmeersAAG T A C. Teeee vAiGeTee i Conneee o Gaes vvvvauCo.AC.A.TA..--AC.A 78
25 1J-F-7 VRSV SR YD SRS ORI OSSR SO7 YU SNDOE SROOR CouA A .Te....A--A.CA 78
26 K1 AvcoiAe . AmaGrene TeeanaTei€unn o 6oTo A i€onen TeuCunnenn Auu AV AL TT. .. .G-~ACCA 78
27 28043-87 AL CGA-.T.GA = oo ToeCeuTeeeeeGunenTunnes Acoo... v Coenrnns L AL .C..A.....C..T..A 80
28 82857-91 A..CGA-.T.GA.-....T..C..T..... GovvrrTuunnn AvvrieereCuonennnnnnns A..C..A.....C..T..A 80
29 89243-91 A COA-.T.GA, = T, CouToenu Gunee L SR S SRRy Y S Y C..T..A 80
30 L5015 A CAA-.T.GA. <. T  Guvrrnennnn GovesAviAuAnneeanei€iiCuvenvnnns Tuu o TALL.....A 80
31 F65 Acme A ToGTeme e Tannnnns ConennGoTouAeAeneennessnaTour ACAL,..C..T..C..CT.T..A 80
32 1B2cvsSA SN VSUY TIPSR, SUDRN SUDUR T T eeniCoiTanuenv e AL AT.ALTA.C..T..C B0
33 N3 Ao.=.A....GT.ACT, .GAC.. . AG.CAGGAG=....ov-TueveTueunenrenea AdAL AL T.L. . CLLAT.G B0
34 FCV-255 Auo=voro..GT.ACT.CGAC. . .A.TCAGGAG-. ..... e Teeeenn B €. Aheenn.s A.A..A... 80
35 KS48 AvmeoAveeiGo.ACT. GAC. . .ALTCAGGA. = Avere-TernneernnorennGoaCilCToinne AC...... 8O
36 KS8 wveuuTe.. . GT.ACT. . GAC...A,CCA.GAG-..T..... ToeeeiTereeereaGoenanClTonen, Tevivere.. 80
37 K12 A..C.A.T.GAC-ATT..GAC...A.CCAGGA. .CG.C.G. ATG BoueiiTeouunen CoiAo AL T..G..C.A...C BO
38 A4 Ao T A CTernrrnnannannnns G..Gouruns N SR TeiGrvnvnns co AL AL ALLTAAL ..o 80
33 NADC AeomiAm A CuGeoTo v heren e Bureenunnnnn T ...... Guvevrnnens . A..A..A..CA.C..A..C BO
48 JOK63 T ATC.G. Te o AuCeTGuune T eneaTeeeeaaTuGunrreee AL ALLALLCALAL AL, B0
41 K8 e A AC T oG aeaaes Goverennn Covernnnnens Guuuovo A AL AL T..CA....A... BO
42 F4 An CAA=-A.C.TooTrnensCouTurCounniiheeieoCuininnnnnnveneene-CA o Ciiiu CALLL AL, BO
43 IBARAKI 1 A..CAA--A.C.T..T..... Coveechen€uiBannnnnns Covernnnnn revinni AALALL .. CA.C..A... 80
44 T13J-F-3 A CAA=.T.G-TuuoeoTuunaToCotGunnnn. ceeeiTeeennnnn rennv i AVACALT..TAL...A... 8O
45 K3 A CAA=.T.G-TooTeuToreeTosauBerureneenssCovannnnnnneenG . CAALLALT..CALC..A... 80
46 FS A CAALC.GC=rvnn Toennnnnn veiGannns Avvieeiiiinnsens CCTeue A AL ALLCALL . AL, BO
47 FPL-NCI A..CAA.C.GC—-..... 2 S Gevnn. Teverihevaaanns Covrrnnans iiCvsevea.CoiColAL.. 8O
48 KCD A..CTA.C-.GC.ACT..-..C..T..... Guvun Covrnn Tevueans e iBueneiiAiiniiaena  JALCLL AL, BD
49 F9 A CAA.T-.GT.ATT..-..Co.Tureenn. NN Y e Coaeenn TOATLT L. ... 80
50 K11 Aovmnen s GTACT. vmeiConeiiCone e G To A Toe e Tanevnz oA WAL T LG .CLLAL . C 80
51 K3 A=A .. GT.ATT. .= Counnenn BTG Taneennnaannnnns AciiCoihennnn.s .G..T..G 80
52 FCV-5 AomoiAees GT.ATT oeeeannns CorbovnneennGTevneaTuiConnnnnnns A....C..T..TA.C..G... 80
53 ML14 0 1 -.... Te o GT.ACT. oo ToihnesGurneneeaCuovnnanenneennaGoo ALALLAL T CAL. . AJLA 8D
54 K4 ArmiAmAuAGeeun TeuCoreraGuGorenAieee Tovennns CoeuiGuuiheus A GolALL L AL..C B0
55 ML1 Ao A-AAAeeeeTeiConrrnGouGunrsvheereoCanennToiCounn G...A....A..G...A.C.A...C 80
56 K7 Aumo A AA AT Tercien e G annnns T i T Ceuen G iCAALLAL Guyu Cornn.. B0
57 IJ-F-9 cev v A AA A T GGl A..,..c. ...... ierennes A.A..A..G..GA.A.AT..C 80
58 K10 e Ao ATAL A e TeeeeninaGiaGureeaAeeaiCaniiinnnnans v Go..Au...A..G...A.ALA...C 80
59 IJ-F-4 cee Al ATALG.. .. Tee.o. T A A TG CALAL AL G B AL L .C 8O
60 FCV-2 A, CGA-= A A TeeuiCuouvuiAeiGueeuAee e Tueens e Teu oG AVA AL ALL ... GT.T... 80
61 FCV-1 A..CGA=.-.AA.T..... ConrviAuiGove A ineaTeuuean s Te e G ALAL AL A ... .GT. T, .. 80
62 FCV-6 A..CGA=-~ A A TeveeCovurrheiGoeus Arenn. Tevern veTeuiCoGeuiA A AL A, ... GT.T... 8D
63 FCV-11 A CCAmm A A TerviConviiAiGovesAuuneaTereeerunTeeCuGooAA L ALLAL. .. GT.T... 80
64 H17 A CoAe.=oA.GouTouTeiCoreriGunGyeee AuiGouCunenns TT.C..CC.G.. A .. A T...A.C..T..C 80
65 1J-F-S A..CAA-.-TA.G..T..Te.cuunn. G..G..G. A Aia€Cureiveei€CuiCuvieriAre e AT.Guuve Guunny. 89
66 K9 A..CAA-.= . A.Go.... Teviereriherrnnnns AvcAvAvvvenioiTeuiCouuiCAues AC.. ... ..G..T..C 8O
67 FCV-15 A IATAG. . T TeConnioAeiGovunTeoCoiheeeeTouCooTulGe oA o€ 6. Go v WAL ... C 80
68 FCV-170 Ao ATA G T TG At Goeen TeiCoAnne TunCouToi6GeuAr e €. GGt AL, .C 8O
69 H1 e ATALG. T T, A iGoous ToiAueneeea Tuu€oTeiGouAr ... T..6.GG.  A.....C 8D
70 ML2 L ATALG. TeTeveenn.. AvoGrvoo ToiAnAueoo Toi€ouTuiGooiAee e T GGG AL ... C 8o

HHHHHHHHPPHHHHHHPHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHPHHHHHHHHHHPHHHHPHHHPHHHH

71 ML6 cive=..ATALG..T..Tocu.oo dALlGaee T..A..0s ..T..C..T..G...A....T..G.GG..A ..... c 8o
72 MLS -...-...ATA G. T..T........A..G.....T..A........T..C..T..G... vee:T..G.GG. A.....C 8O
73 FCV-B A= {...TA-.A....‘T..C.....G..G..G..T..A..A ....... LCo.Coollts A.A..T..G.GG..A..... C 82
74 S1 Aom Ao A=GeveesTooCourufunenee TosA AL . CuCl G . CALA..C..G.GGALA...... B8O
75 S2 A= AL A-Goll. s T..C..... Govvvnnnn T..A.AL.oaaets C..C..G..CA.A..C..G.GGA.A...... 8e
76 ND3S A..-. A A-.G o TolColee [ TARN T A Areeeeee CuC G CALAL . C..G.GGALA., ..., 88
77 TOKYO 1 AvooAe. AmiGeeee 7o CveuGonii o ToAGLALL el G L CLLG L CALAL LCLLGLGGALAL . .. .. 80
‘ e e . - Ilt‘..ltl. -------- e -t-‘- a"---.‘ “-.‘.‘--v‘ I AR . . -s -

Figure 2 Comparative nucleotide sequence (1105-1739) analysis of capsid protein
of FCVs in Table 1. Y =Identical nucleotide.
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Figure 2 continued
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CACCACCATCCCTGAAGAATTGACACCGGCT GGTAAGTATGCAAT CACCACCAGTATTGGCAATGATATCATTACTGCAGCT

o1 V77 161

02 va3 161 T A TooToee i iAGanssiche e eni6eCoiCunnnnnnee e Ter i ACe eae o Cuut €. Co L GAAA
03 ML19 161 ... A A G ALGL L GTT e a6 T e Ca et 66 LACAAL obL . Gl CCLLALL AR
@4 Urbang 161 ...T.....AGGG..GA.GC..GTG.........G.T..C..T..T....A.G...G...T.....C.. T.CC. .G.. TAA.
o5 Lse12 161 civvveininnenen o JCLGTT. T oo ol € et €Ll T, 6y oG ALGa et €..C....Ch......T.C
26 K2 161 T..... veeee CoTACG. ... To T, .. AG.C..C..T. . T. . .. GG.AGA.....CC..C....CA..A..CAG,
27 H1e 161 ... ALTG.C.GC. .G ee €T et W AGLT. . CT. . T LAAT. .. GCuuneenn Canes Ace.. TCAC
88 MHL12 161 T..A..A.......GT..G,...TT..T.....C6.T..CT.T..T.....G..GTC...... veeesen CAuALLLTLC
99 FRI-NCI 162 .. A .. AGL L GAL L ALLC L CAL L T CTe L T AL AL LGyl €6l €L AG. G LAC. TAG.

10 Bolin 161 ...A... . AG....GA.. . AL C..CA....... ToCTo. o T A AL LG CG..C..AG.G. .AC. TAG.

11 KS20 161 To.Ae.. . T..Co G TGC. AL CouTonn e G T n  AGT. oo oG AG.ALG. . Aueun.Con GuAL .G, . TAAG
12 sie3 161 ... A AT, C.T6TG..T.ve oG Teeee Cunene s JATG.CLAG. s eess C..T..A.GCC.TA.G
13 521 161 T. AviAiuunnnsnn. JCCT...TA..... G.Tuvv..Cono T ATG.C.AG. .TGG...C..CA. ... T.AG
14 FCV-43 161 ToiAAunnen.... . 6C.CuvnnTern.. 6. ToL .. C . To L LALTCCC.C..T. ... .Cul L GALLCT.T. LA
15 ML3 161 .o A hernnennnn.. CCCurvviTurvnn GuTooCooCounnn A GAC.ARAAT. ... .C. .T.CA.....TAAA
16 Ks109 161 ...A..T.....A..G..T..AGT...T..... AG.T.....T..T. . AG. . AR Au. .o Co L CALL L. CALA
17 ML4 161 eenvvnee i A GToCoCurnn i Coonn s aGoT o, CATTCC.AALw.nnvinConn CALLGC.CT..
18 258cvs484 163 T..A........ CoTuunns AGT...Acoit e GTueirnnens . T.TG.CLACAAT. ... ... v CALLL LGl
19 2280 161 ...A..A..T......A.GC.T..C..T. A Teunn. .. T AL .G.C.ALAA. .G. . .C. . TGC. . .G. . TA..
20 V276 161 ... A . Teu Too o GAL . AT, AL T, JALALLAC.GG..T.....C..T.CC. T..A
21 v274 161 .. A Teaee.... GA. AT Aeee e GuTouee ie s ALALLACGGG,  To L., G T CCL L. T WA
22 LK 161 ToAehrreeen GuueeiAunnnnnn AL, €6.€..C..T..T..TGA...C.C....G6G...C..T.C......T.\.
23 CF1/68 161 ...A..A.....A.GT..G...GT...T.T....G.C.ovr.Covon T ATG.C.CCAAL vvrrnnns ..CC..A..T..G
24 L7 161 ...A..A...... A..A.GC.C.....T...... G.CooveeCuvvvnn.A.G..GAGAA. .GC..C....CA.....CAAA
25 13-F-7 161 . AieennneeeaGGALeeerennCouuns AG.T..rvvr. . T. ALG.TCGGA . vevun. CeuG.CunninnsG
26 K1 161 TooAe e Te s 66 v AT, T T Gl T e T T e CA. A.....C........C...G...T.A
27 78043-87 161 T..A..A........ G..TC.T.TC..To Au GG Turuuevannss. ARG.CLA., .G Couuenn €6, CT.T. A
28 82857-91 161 T..A..A.....C..G..TC.T.TC..T.TAL.GG.Tuuvennreunnn. AAG.C.A.....C...v....CGL.CT.T. A
29 89243-91 161 T..A..Av....... G..TCATC..T. . A..GG.T.u e ... v BAG.C.Av....Cuurt T.CG..CT.T..A
30 (S015 161 T.o.. A.eel JATC. . GC.T, €T A, CuT o €T e Ae et JGTGLALG. . Guu 'y . TGAALLAL T, A
31 F6S 161 AT....A.....ATC.A..C. .GTT..T...... GGTovvvee . To TG ALAGA...G..CovrnnroCanann T..G
32 182cvsSA 161 T..A.....ATTC.GG..TCAA..T..T......6.Cuuuvvn.n.n. A.ATGAC.AALATTCG. .. .. A, CA. .. CGGT.C
33 ML13 161 ...T..A..TGG...G...C.CGTT. . A. A...G.Covru T, . T.TGAT. .. TC. ... veur TG AL C...
34 FCV-255 161 T..T..... A.....GA.G..AGTC..T.....CC.Couvrnur Ge ATG.G.C.oohernn CuToC. . A GCARA
35 K540 161 ...T...... T.6...C6.C..GTC..T..... 66.C..... Covennns Ao AG.A..Av....v'.T.CA..A..T.AG
36 KS8 161 T Au AeTeueeene i GCCTeu i CovhueersCurrnnreAunsiAeannaCaaiGGCaaunnns. €G..CCGC. ..
37 K12 161 ... A..T.ue. .G GC.Coutn TA....ACTT..... Covrns AGATGA.Guvrvhervnnnnnns AA..CAA.. ..
38 A4 161 ...A..T...Te. 0. GueorrAu CoiAeen GG T oo iCunt tALL . G.CLAC. LATG, . . C.. . . CAL AL . .AG.
39 NADC 161 To.T. A eTGuuoGeuTueeoTeuCoun s GGuCurneoCo Ty AT AGLCoACeceerarnnonns CC..A.G.T.A
40 10K63 161 ...A..... Teuris verGCea 7T e 6T To oo AL AL LACGCCAAT. . Cun ...t GCC. . A..... c
41 K8 161 ... Av ... . TG.C..T.TT..A..C...T..us. G.TeeeTerinnnnn, ATG.ATC...T.....C...GCA..G...AAG
42 F4 161 T..T..A..TG....TA......TT..C..6..C6.C...T. .. Tu ... GG. GGAG. .G. W C....AA..G..TCAG
43 IBARAKI 1 161 ...... A..76.C...A.G.....C..T..... €6.T..Couvrnnnn. O T T S Y S G..T..A
44 13-F-3 161 .ivrvneaaiGuannet G TT AT Cor i GuTor et Cunnnn GGGG.A.AC.A......C..TG.A..A..T..A
45 K5 161 T....... G Govu TC..Tu Cor GuTon €€ To GG.ALCCAR. ..o Cunus An Al ColA
46 FS 161 o Teere i Tehenenenn A CouToe o 6T Covn e AL AL AL AL e s v Covn CAL AL.T.AA
47 FPL-NCI 161 cevvrreenn.s Coruvrnnnns G..T.AA...G.CuvraToAue Aus GTC.uns e € Cal GCC. oL TLAG
48 KCD 161 ...A..... AT.A...unGooviToviAeaans 6.Con  To AL ALALGAC. A, .T..C..C....CC. .AC.T. .A
49 F9 161 +vnns AoiTuna s GG oGoo o oA sn s aGoTouCanennns ATG...C...... i€t CC..G. TALA
50 K11 161 ...A..... TGGvernncnennnns Covunn. G.T..CT...vu. .G.ATTCAGAA. .. .evu.Cuur Cuuen. GAG.

51 K3 161 ...G.....TGAG.G.A.GC.ALT...C.ov ' AG.C.uuss Geverrnnns GCC..Coruuns LClllC €6
52 FCY-S 161 ...T..... TG.ArGoonCovroCunCuveer 6T Corvnnnne s AGLGLAL T ouinssens Cons .. CAAC
53 ML14 161 Toevveee TG6uounn. .. C.AGTC.. T .. .. 6T TeCou . T TGCG AL o .een Ao AALLG..C..G
54 K4 161 T..... A A..AA.T..G..AGTC.....G...G.C.....C. . TGTTGATG.G.AA.....C.0.....CC. ACT...C
55 MLl 161 T..... A .ToAo o ALGCA..CovrrihAue G.Coutl Co TGTTGATCAG. AMA.T.. .. ... LT AL AMAL L.
56 K7 161 ...... Ao Al AC.T...von.Tus . TGur.G.Couru T. . T.TTGATCAA. ACCAT.C. . .C....C. .. ACGG. A.
57 13-F-9 161 T..A..A.....A..GACCC.A.TT..A..G...G.T..C.. .\ ouu GA.CAA.C.AA..G...C....CA..ATTG.AA
S8 Kio 161 ...G..A.....AACTA.GC....C..A..A...G.C.oruuTuo ... TGA. CAAC. LAAT. ... ... ...CA..AT..CAG
59 1)-F-4 161 ...G..A..A..A.TCA..C.C..T..AAA...G.T.....T.... . TGA.CAA.CCAA......C....CA..A..G...
68 FCV-2 161 ......A..T..Gou. Guuro TC. AL .G G.Touuen. .. T.TTGA. CAC. CAAC. .G...C. . T. CC.. . T. TAAA
61 FCV-1 161 ..... A T..Geu Gure o TC A Got G Tuuueu. . . T.TTGA.CAC. CAAC. .G. .. C. . T.CC... T. TAAA
62 FCV-6 161 vuvnsiAeiTeiGuevnGuoen TCo AL GeraG.Tuunn .. T.TTGA. CAC. CAAC. .G.. . L. . T.CC.. . T.TAAA
63 FCV-11 161 vevee iAo iTeiGureneannns TC..A.Go\ G Tuueon.. . T.TTGA.CAC.CAAC. .G...C..T.CC.. . T.TAAA
64 H17 161 vouvuho ToAeTouene i iCoiAu A GuTou 6ot TGALCAALCGAA e nnnennnns €..CC6. ...
65 I1J-F-5 161 ...Av.A..To A.GeriGooooTerannGonnGoCunsooss - TGTTGATCAGGGA. Tonnn o€ nGuCore T
66 K9 161 ...T..A..A..G.CTA.GC....C...A.A...G.C..C.uvnn.. . TGATG.C.CG. . A.....C....CCT.G..C..6
67 FCV-1S 161 T..A..A..... 7€ GC.Co T A et GG T e, T.TT.ATCAG.ALA.TGC. . .C.. . CG. . . A. . CCAA
68 FCV-170 161 T..A..A...... TC...6C.T..T. A, ... CG.Tuu..., .. T.TT.ATCAG.A.A.TGC. . .C.. .CG...A. .CCAA
69 H1 161 ...A..A.....G.G.A..C.CGTC. Av .ttt €6 T, C..C. . TGT. .ATGAATCC.C......C... . AG. .A..C.AA
70 ML2 161 ...A..Ac....6.G.A..C.CGTC..A.....CG.T..C..C. . TGT. .ATGAATCC.C. .. ... C....AG..A..C.AA
71 ML6 161 ...A..A.....G.G.A..C.CGTC..A.....CG.T..C..C..TGT. .ATGAATCC.C. .. ... C....AG..A..T.AA
72 MLS 161 .. As Aerns GG AL C.CGTC. A ... CG.T..C..C. . TGT. . ATGAATCC.C. v Conr i AG. AL T.AA
73 FCv-8 161 .. A..A..A..A..GA..C.C..C..A. ... .G.T...T... . TGTT.ATCAG.C.AAG. . ...C....CC..G..T...
74 s1 161 oo Aiheienreenns LGC.GTT. . Teuunns GeCrverannnnns . A.CAA.ACAAT..... C...TC...ACTC...
75 S2 161 .. A Aee.e.. oo dGC L GTT T Te v e 6uCuuveannnnn.. . ALCAA.GCAAT. ... .C...TC. . .ACTC. ..
76 ND35 161 .o A Aennenannns 6C..GTT..T...... 6.Coverrrnns .e-.A.CAA.GCAAT.....C...TC...ACTC. ..
77 TOKYO 1 161 «oohicheiiinanns .GC. .GTT. T......G.C.............A CAA.GCAAT.....C...TC...ACTC...
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Figure 2 continued
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21 V77

62 v83

@3 ML19

24 Urbana
25 LSe12
06 K2z

27 Hie

08 ML12

03 FRI-NCI
i@ Bolin
11 KS20

12 sie3

13 sz21

14 FCv-43
15 ML3

16 KS1i@9
17 ML4

18 25B8cvs484
19 2280

20 Vvz7e

21 V274

22 LLK

23 CFl/es
24 ML7

25 13-F-7
26 K1l

27 28043-87
28 82857-91
25 89243-91
30 Lse1s
31 Fe5

32 182cvsSA
33 ML13
34 FCV-255
35 KS40

36 KsS8

37 K12

38 A4

39 NADC
40 JOK63
41 K8

42 F4

43 IBARAKI 1
44 1J-F-3
45 K5

46 FS

47 FPL-NCI
48 K€D

49 F9

50 K11

51 K3

S2 FCV-S
53 ML14
S4 K4

55 ML1

56 K7

57 1J-F-9
58 Kie

59 1J-F-4
60 FCV-2
61 FCv-1
62 FCV-6
63 F(V-11
64 H17

65 IJ-F-5
66 K9

67 FCV-15
68 FCV-170
69 Hl

70 ML2

71 ML6E

77 TOKYO 1

243 GCTTACGATGCAGCCGATGTCAT CAAAAACGATACCAACTTCAGGGGTATGTACATCTGTGGTTCTCTCCAACGTGLTTGGG
243 ... L CALCLAL TG TA AW T T Gl AL WG G....
Z43;CAG..T....G...T.....A..T..G A....T.. ..... S T el WTULLALALLALL L
243 CAG..T........T..CA.A..T.G....A.C..T.......A...C.....T........A..A......A.A..G....
243 LAG..T...T.7..T.....T6.T.G... .A.C.LAL. T T veeeiee oo Taue e e o GLATLAL LLALAL LA L L
243 .GG..T..C..T..T.CC..G. A .G . LALCLLAL T L.CT L AL T v e e CTL G WGl
243 JAA.....CAGC..T....AA..... G...ACA..A.....TC....A..... teieesens €G.G..G..GA.G......
243 CAG..T...A.T..T....AA..... C...ACC..A..... TC .o Acaian s Tol L ALLLTLGLLLAAL LG,
243 .6C.....CA.T..G........T.GG..TACC..AG.G.....ovuCuvvvnen Tou . LAGLAT.G. . LALG..o e
243 ..C..... CAT..G........ T.GG..TACC..AG.G.....oveCovvnvt o Tot L LAGLAT.GL LALG LG v e s
243 LAC.......GT..T.....Gouvu o JACCL LG Tu e s se e Cennna To v el Cul G L LALALL,
243 JAG..... CA....TACCA...... GG...A.C..TG.A..... A.Coveaae T.....A..A......A.G. C .
243 .G...T..CAGT..T.. . A....T..G...A.......T..T.AA..Co..Cuvnneve o GulAL L L AVALL L
Y S o R R Y o O A O (S S
243 AG...T....AG..... ACALT. .G AL LT eenes T JALLTLLLAALL L L
243 GG, T..CA. T, T . CALAL.T.GG. .. A .. eun v To A i ianens G..T...A.A.......
243 CAA.TT..CAGT..A....AG..A..G...A.C..A ..o vl AL Gesiinininnene oo AT, LLALGLLCL L
245 AL G T TG AL T e A T WALLLTLALLGL WAL
243 LAA..... CCAT..T....AA......... A.C..A..... T.AAA...... esarseees A.AT.G...ALALLC....
243 ALY GG T TG TAC LT A A Te AL L LLLALALLAL L
243 ..A,..T7..C..G . T....... . TL.G..TALC. ... W Tee oL LA LAL L. TovieewaColAla L JAVALLALL .
243 AAA, . T. . CATTA.T...AAGG.T.CC..TA.C..T..T..T.AAA Covuinnnnnnnnnnn, GC..G..GA.A.......
243 CAG..... cenve e ACLAGL T G AL LW Tl AL Gl TeoeerwereanToAVALuls
243 .A...T...AAT..T.G...G.. .....A.C..T..T.....A..C...,....T.....G Al A.G.......
243 AG......C. T ... Cunel G ALGLLALLTL T WA G GG ALAL L
243 .GG..T...A.C..T..CAA..T...... A AT TVALL Gt GeovrvooGALAL....u
243 LA L T.L TG T W6 Tl Wl T, ALT..T.AAALC. . oveene . WAG. . T.GG.GALAL ... 0 e
243 AL T TG LT LG T T ALLTLL T ARG e AC..T.G..GA.A.......
243 .A...T...T.G..T..... G..T..... Teoo AL T TLAAALG oot LAGLLT.T,LGALA .. L0s
243 LAALLT. LT, TGl WGl WAL T..T..AA. ..., veeaaToie G TLGLLLALALL L
243 CAA.......... ALG..AA. TGT....A o T TLAMAG el JAGLALLALLLALG. ...
243 JAA...L.ALLTLATCLLAALLT..... TA. C ..... T....AAAC.. Ll L0l Tl G..A..T ALALLG. ...
243 T.G..T..... CT.TACLACAL LA, T . LACCLLAL oG s iCnnen b Gan e nnn s GG L LAVAL L L L
243 (A, .. T...T.G...AC...A..TC..... Accoiiiiinaas LY S | PR A...T.A..GA.A..C....
243 .G...T.....T..T...AAA..T....... (P VU Y PN [T N R . 0. P
243 LAG.. . AT LTl ARG TAL L T T AL LG e T 6L LG L GALAL AL L L
243 .G...T..AAGT..T.CCA....T..G...TCA. LA, . T..T.LAA ... To ..,C..C.....GA.A..C.. .
243 JTA..T...T.G...A.C..G... vl WAL LLGL, R N P G..C..G...A.ALLALLL.
243 .AA......T.GA.T..A..A..A..G...A....A..T........C........T........C..A...A.A..C.. .
243 (AL T. T A6 L Tl W TACC L T.....A.. Aoo..... a..... G..A...... AGo.....
243 LA, .T ............. G..... ....ACC..A..T...C....G........A ..... G...T.ALLGALALLA. ...
243 ..C..T. CA T..A.C...GG.A..G.. . ACC.LA..T...C.A..G..... T il oL LATLGL L L LG
243 JAATT...AAG..AA, .. .AL AL LGL.TALCLLAL .. ... F T N CT.A...AA..C....
243 ..C......T.G.. LT ALCALL T TGl Teeeaeas o CTLALLGALG. ..ot
243 ..C......T .......... G..A..G..TA.C..LA..T..T......e e I €T.G..GA.G...... .
243 LA..... TeooTodiaiGan.e G..TA.C..LA..T...C....C.. ..t veseeree . T.G.GLALGo L Lo,
243 (GG.TT.G.T.T.. AL A Ta ool TAoooioao, IO O Y C..C..T. . AGa v el
243 (GA..... ... TOCAC Ll AC....T..... ALALL. TG Tooo o ALLG..TLLLALGL AL
243 .GA..T..CA.T..T...A.A..T..G...A..........T.....C... I W RN < R S
243 .G...T.....T..T..... AL T... e ACoenvnnns T..... C....... ....... [ G..A..C...
b I O R ] P AC..... Teeeiaenn Cooannnn Toereiienias T..... [ PR
243 CAG.T...CA, ..., A CLAA LAL..G.LALCLLALLT. .G e Gesu s T e ALLCT AL LGALAL LG, L.
243 CAG..T..CA.T...AGC..... A.Go. T, .. Ac..... S < A...AGol. L.
243 (AG..T.....T..AACCA.G........... C..A..T...LAACL.. veseaaaG.CLG, .G C....
243 ..C..... AT, AACATCA..T.C....ALC.LA T .LLAA G nee CG....G...AA..C....
243 CAA..T..... T. AACLLAG. . T.T...TA.. . A L. AALG L L Tl Tl LA CL L.
243 CAA,.T..CAGT..AAC. . AA..T.GG.. . A.C.LAL.T ... ALAL... ..T. LGCLLTLLLAWALL L
243 CAG..T..CAGT..AAC..AA. . T.TT..TA.C..G..T........ Covrnn G....... CGovninnn AGo.....e
243 .GA.TT..CAAT, .AACC.AA....... . TA....A..T........Coll ceaTiae o GCLLTLUGALALL ...
243 CAA,,T...T.T..AATCAAA.. T.C...TA.C..A..T..T. . AA.C. T LG CLALL LGl
243 CAA..T...T. T, . AATCAAA. . T.C... TA.C..A,.T..T..AA.C.....T.... vl . G.CLLAL .. .G. e .
243 CAA,.T...T.T..AATCAAA. . T.C...TA.C..A..T..T. .AA.C..... Teeeveeo GG AL LGl
243 CAA..T...T.T..AATCAAA. . T.C...TA.C. AL T..T..AA.C. ... Teeoveoa o GCLALLLLLALLL L.
243 AAG..T..C..C..AACALAA, T .GG...A....A.....T..AA.C........ T..CoiGou A, vesen
243 AG...T7..C..T. AACAAAG Lol LA C AT TUAMAL L LT T [ o P RN
243 .GG..... C.G...A.... TGT T T O G.C..T..... ALC...,
243 LAA..T..C...... AC. TC.... T AL AT T.AMAL AL LG G T L WAL LA
243 LAA..T..C. . JACTC L. TC.LAGLLLALT.LTLAMAL ... .. Aooo... G.C..T..... ALLAL...
243 CAATT..CAGC.. ACCACA...GTC..TA....A..... LAAALCL Ll WAL G....T..G..... A....
243 CAA.TT..CAGC...ACCACA. S GTC..TA.. i Aunnnn. AAA.C........ Aoo.... G....T..G..... A....
243 CAA.TT..CAGC...ACCACA...GTC..TA....A....... AAA.C........ Avo.o. Gl TGl AL
243 CAA.TT..CAGC...ACCACA...GTC..TA. ... A .. ... .AAAC..... ... Ao, G....T..G.....A....
243 CAG..... CAGC. .. AC..AA ... .C... ALCLLA ... TLALA ..o AL L Gl L. TG L WG .
243 LA L . TL ACCLAAL L LGl ALl n. GAAALC., L LU T AL GG Tl WAL
243 AL T ACC.AAL . G.. ALl o AARLCLL LT AL, 6.C.. To.ounnss A....
243 LAl To LACCLAALL..GouL A, AAA.C..... T..A...... G.C..T....... A....
243 LAl T...ACC L S PRSI YRR TR R ey Y.V W S SR VIRON I <P S S
. ‘....- R sevaa .. ....‘....“ .*.“ ..... --"'.‘-...“.*'.-. .' P * ".“"

Figure 2 continued
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°1 V77 328
8z v83 325
23 ML19 325
04 Urbana 325
@5 LSe1z 325
96 K2 325
@7 Hile 325
08 ML12 325
@9 FRI-NCI 325
10 Bolin 325

GAGACAAGAAAATAT CAAACACT GCTTTCATCACAACGGCAACGGTTGCTAATAACAAAATTTTTCCCAGCAACACCA---T
B L S S LY. TR IR .Y o o7 W P o ol oYY P R ———
TevereeearaeoaaConeniannen To T, T, T, . TGATT AAAAG.C.CG. . C.C.A. CA. GCC. . G. .ATGTGA.
TeToveeeeeeTeaCirivernnrennane. 6ouCuCouet . JAGGG, . . TG.TC.AA.C. .. . ==-GT .ATGTTA.
Jeee . €G6..Co...GT. AL ..A..C..T....TTAGG.A.GGAGC.,.....AAG..GT---CA.AT.CCA.
O P Y A .C..T..T..TAGG.AC. A...TCC....CG..GT---C. .AT.CAA.
IS PRI TR JT..6GGC. .. CL AL T LA LCL.T. .. .TCAAA AAGGC. .T...... AAA. AT---CT.A..CTA.
Toee oA iGoavioCovernn s G T AL Co AL TGTCAAAA, €GGG. . .. .. T. GACG. . AT---CA.ATGTTA.
B R T KT LR T C..C.TTGTTAAG.ACGGA.--~.C.A.A.CA.ACCATC. .ATGTGA.
Civinnenen e T JGCT. et CuTeut . €L C, . TGTTAAG. GCGGA. ~~~. C. AL A.CA. ACCATC. .ATGTGA.

11 KSze 325 TevrieveeaGeuCovennreoaniheennnna.CuuClo Lo CAL AAGGG, G. A, .CCAA. .GGAACC. TCA.AT.CTA.
12 si1e3 325 .C..TeeeeeGooTeevToeennenneenes T, TLG.GTTA, . AAG. .. ....CGC.AAGC. . T. ... . GT. . TC--
13 sa21 325 .Tov.. AeaGo CoeenToneen Ten .t T TG TT. L LAALGG. . C.. . .C.GALA. . T..T. . TGT. . TT -~
14 FCV-43 325 0. Tee G Tiiiinenansenssnenansass G TT. . GAAAGGAGGA. TGG. GCAG..T..T...GT..TT-‘
15 M3 325 LC.T..e G CoennennnCinnnn e, G..C.G...C....AGGGAGG. ... C.AA.A..T..TG.GGT. . TC--
16 KS109 325 .T..Teeeeno Tunnnt RN eoTeees.T.G. . TT. ... AAGGA. . T. . GT. GAAA..A.....TGT..TTGA
17 ML4 325 .T..T..A..GuuCuurrvnnrnnnnnaannTo C T GTL AL .. .KGGG. .. T..C. .. CAG. TTCT. . TGTG. TTGA
18 258cvs484 327 L...i.eveneeensTol o Ton 66T CllAL L LW ALLGLAAGL L L L GCL CA.......T.......TTGA
13 2280 325 .TeTeveneeeneeTouTune s CouTou . Co AL . . GTCAAG.AAGG. .. ., GC. . CACA, .GTCT.. ... A.TTGA
20 V276 325 .6..T. A Gooea T Toeennan oo 1o T. L TAT.GAAGG. . ...C.. . LGAAL . LLALLLT.TAL TAGA
21 vzr4 325 .6..T..AvaGeoen TuuTuennnnnaTennn 7o o, TAT.GAAGG. ... .C.\. . . GAAL . L AL .. T.TA. TAGA
22 LLK 325 ..o Teeieeenl TeCon v eGoiiee i o WAL LG AL LGAG.GGC. . .. .. T.AARA. . T..... TGTG.TTGA
23 CFl/68 325 .G6..T.....G..T.....T........ T e CLGCL L L o JA.GGAGC....T.GA.A,....T..T....TTGA
24 WNL7 325 .G TeereaGuu€uivrnnnnnnnnnesanaTa €. C GG T, . CAAGGGG. . .G.CC.GC. ... T. oo . .GT.. TTGA
25 13-F-7 325 .G..T.....G..C..C...........T.... €..Co....A..C.LA.GG....G.CT.GA, AT........ TAGA
26 K1 325 .CovvvnenG. CllConttl6.,ClTou . 6ol Cuel Al L L AAGG, oLl T GG G..TT T.......TAGA
27 28043-87 325 To.TeeeesreeConnnaTueiveeras AL €. CC.TGG. . ,G.A. . CC.C.. .. C.CAAG. ... T. ... A, TTGA
28 82857-91 325 T Teeeeen e Coad TGl A..C..C..TG....G.6...C.C....C.CAAG.....T..... A.TTGA
29 89243-91 325 .T..TeveeeeeCennnToneiennne s ALLCLLCL TG L .GLALL . C.C..,  CLCAAG, ... . T, L0 e A.TTGA
30 LSe15 - R O veoA . CoT..CT A LAAG.GGC. ..., .C. . GAA, T . T ... A TTGA
31 F65 325 .T...... P <] T ST TG.A.....T..C..... AALAGG.....C.CLLARA, ... .. eeeATTGA
32 182¢vs5A 325 . Tevieene P TR P G.Covvvov T..T.G.T.TA. . AA.GGG.G...G. . AA.C..G.......GT.TTGA
33 MNL13 325 .T..T.... G..C........C....... A..C..T..C..T..GAA,GG......G...GAG. . ATCT..... A-eoe-
34 FCV-235 325 .T..T....... C..A..T..T..T..TC....CAGGAG.G.C....C....ACA. . ATC...TGTG-=--~
35 KS40 325 .T.....A.. G........T..A...........C TA..C.AT....A.G.A,.G..T.A.ACA.TA. CACCAT. A ATG.
36 KS8 325 .Teveienewn e ToConne o Connl JTLLALLCLLTLLCL AL ...A..........T ------ TA. TACC T.A.ATG.
37 K12 325 .Tevnveen TouTou oo G AT AL LT, LG T L LACGLAL L TTCTC. .. LCL LT L L .G.TTGA
38 A4 325 .T.....n G Tl Tl Aoo.... ees 7o T, C.TCAAGAAAGGG. ....T.. . AAA L ATCA..... A.TTGA
3% NADC 325 .T..Teeeeeenn TouTon e eor . ToLALLCLL T, .. TTAAG.AAGG. .. T, G...AGA LATCA. . T..A.TTGA
48 JOKe3 325 T..T...eoeiaTou  GTLLALLG.W T, L. CLL T, LCLTTAGG. AA.... T..G...ALALAT. ... G.TTGA
41 K8 325 .T..oeeens G..Co... P PR Couvv-A.C.C....TTAAG.AA, .C..T, ... AAG..ATC,..T.TA.TTGA
42 F4 325 .C..TvereGouTeves TounenConnt AL €L C. . C.TCAGG.ACGGC. . .G, .. . CAAA, LATCT.. .. A TTGA
43 1IBARAKI 1 325 .C..T.....G.. T........C..C.....A..C .T. .C..CAAGAAAG.C....GT...GAG..ATC. ..... A.TTGA
44 1J-F-3 325 T.....A..G..C.T . Tuus o A T ALLT. LT, €. TAGG.ACGG. .. .o .. . . CAAAL LATC. .. . . LA TTGA
45 KS 325 .C..T. AG. G Touei ol AL o ALLCLL T, CLTTAGAL AACG. G. . . . . LCAAG. .ATC......A.TTGA
46 FS 325 .T....0n G To e Coninness T..T..GGTAAGGATA.CC......C.CAAA, . GTCT..TGTG.TAGA
47 FPL-NCI 328 .T.....A..G.Co.Coues A Alo..en. C..T.GG.TAA..AAAG.CG....GC.AACG........ TGTT.TAGA
48 KCD 325 .Toenen.. Y T P C PN I TeeeoTolA i L GAAA, Qi mmmmmmems ACAAACTT..AC...GCAA
49 FS 325 .T..Tv.eeveeToCovvenenCuTen €L T, €. CCLALALGG.G. .. .C.ACAACARG.T. .. TL. JTGTAA
5¢ Kil 325 LT, TeeeeneneToiConnnne A Too et TUGL WAL LLLAAGLCl e e s e = -~-T.C.A.GCAA
51 K3 325 T Teveeee  ToToeei e ALLT. L WL TLG. L. LA, T.GG.A. . TG. T, AC CAAT..---CTC.T.ACAA
52 FCV-5 325 T..T..... [T P T T..C..T..TGTAAAGAAGG...... Gl ~vmmm- ..-==.GC.ATCCAA
53 ML14 325 .T..TeGuueveeeTievnnesoreeeenes Av LT, . T.TTAGA.A.GGG. ... C.Commmmm ..--—.AC.GTCCAA
54 K4 . 325 .T..T......G.G.‘...T.....C.....A..C..T.....AC.GAAAGGC.........A.C..A..T..TGTG.TTGA
55 ML1 325 .T..Tv.....6.6..Cco.uCoiAuun. AL . T.G.GA, T.GAAGGG. .. .TC. .. .AGC. . A, ... . TGTG.TTGA
56 K7 325 (ToieveeenoGuienannen C..A...G.A..C..T.....AT.AAACGGA.. .CGT...C....GT.T..TGTG. TCGA
57 1J-F-9 325 .T..Te.venuGuCouevuneoCoiAue GALLC..T..G.ATC.G.ACG.A..T......ACC. . ATCG. . TGTG. TCAA
S8 K1 325 To.eenee R C..A.....A..C.....CGATC.G.G.G.A........CACC..GTCA..T.TA.TCAA
59 1J-F-4 325 TeuTeweereGeuanevneasCoiAlTo AL Co ..  TGACT.GAACGGC. . .G, ... .AC...ATCA. . TGTG. TTAA
6@ FCv-2 325 ToeeeveneeenCannannnn Covrnenns AvoTeveens o ACLLLAC . Couu GLLALL WAL L. . TGTG.TTGA
61 FCV-1 325 Toveeiennnns [ Covevena AdToieens AC...AC,.C.....G..A.....A..... TGTG.TTGA
62 F(V-6 325 .T...... LGl .C... AlCiiiaa. AC...AC..C.....G. AL AL, .. TGTG.TTGA
63 FCv-11 325 Toeeeainosn P Y AL T AC...AC..C.....G..A..... Ao TGTG.TTGA
64 H17 325 T.veeeeeoGouConnnnnenen s JCT.LALT.LALLLTLAT.G.ALGG, .o e e e s veoCo AT TTLTTGA
65 IJ-F-5 325 .To.TevveeeGToeeeTuneenCoun AuCulAl. . TCAT..GGC. L. v v L AALC, L. LT T TLTTGG
66 K9 - 325 .T..Te....GGu.e.. PP 6C..T ... .C. T.GT..TC.GLA. . LALC..GT.LAALCLLALL T L el LTTGA
67 FCV-15 325 T..oieennn [ N A..... A..T..T.GG..T...AG......T..G....CC..TTC. ... A.TAGA
68 FCv-17¢ 325 Toevieerann Covinnnennas Ao AT, T.GG. . TALAG, ... . T, .G... . CCLLTTC. ... A.TAGA
69 Hi 325 TeeveeoneeeeCovennnenen Ao 7o G T G TTALCAL .. ... . TGCT. . AACA. . TTC. ..., A.TCGA
7¢ ML2 325 Teevvicennen Covvnnnnnnns A.T.... C..T.G..TTA.CA....... TGCT..AACA. . TTC...... A.TCGA
71 ML 325 JTeeiieaannnn Covvvnnnnnas AoTo....Co.T.G..TTA.CA. ... .. . TGCT. . AACA. . TTC. ... .. A.TCGA
72 MLS 325 T...enen R e ATl C..T.G..TTA.CA....... T.CT..AACA..TTC......A. TCGA
73 FCv-B 325 T Teiiiionnannnns Tevo A..TG.G..G..C.GG..TC...A.GGG. . TTCC...C. ... TTC. ... .. A.TTGA
74 S1 325 .T..7.....6..Couru Tuur. A TG.G..C.. T.G.GTTA. . .AAGG. TCA. .G. . AAAA. LATC. ... ..G.TTGA
75 Ss2 325 .T..T.....G..CovuuTuu A TG.G..C. . T.G.GTTA. . LAAGG. TCA. .G. . AAAA. .ATC......G.TTGA
76 ND35 325 .T..T.e.t GouCnen o Teen s JALLTG. G .CLTT,G.GTTA. .. AAGG. TCA. . G. . AAAA. .ATC..,...G.TTGA
77 TOKYO 1 325 .T..T.....G.Co.ees T.....A..TG.G..C..T.G.GTTA, . .AAGG. TCA..G. . AAAA. LATC...... G.TTGA
‘c“.‘-.t.-o‘ “on-ql.-‘u -‘c-‘ ."‘QQQVI'I - .. .. LICICAN Y v e - - wevssa s ea

Figure 2 continued
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NL4
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404 TGACCAGACAAAGAATGCCGTGT TCCAAGATAACCATGTTGGAAAAGATGTCCAGACATCAGACGATACGCTAGCG
404 C....CC..C.ATC....... SGo Gl GO AMACETT LG L AL L.l T CLLALLG. ..
407 ..6..CT..7..A.T..T.A.C, T..G.. S GO GAAT. . T.LALLGLLALLT. ... T, .CLLALL LA
404 ... L ALLT AT L LAT e Cevenees C...CA.G.T..A.....A..C.....T..C.L LT

404 C..T6C...G....T........ ACC Gl CALLL L, C.. .C. G Al CGLTLLCLATL LT
404 . ... AT...... ACTC, . T .G....CLAC..GC. G C G T AL LG T LG LATL LT
404 ... AT........ Toeaeanns ACC------.G. C CA..C..G..T..CAG...... Ao, T..T..C..... T..C
404 A..TAT...T..ACTG,.T....ACC-~--=-,...C.C...... GAAT.G... LTOALLL T T LT C
404 ... L ALLCLALTLUTT L LLATC e eme L, CT......AAGC.T..A ..... A.....T..T ..... Ac.... C
404 ... T. . ACLC AT, TT.. L ATCmemem L L CT. .o JAAGC. T LA L WAL, L T T WALl C
407 C.....A.....ACTC,.. A A TCC ------ Govveionnnn. G..T..C..A. AL LA, T.....T..C.....C..T
405 -.. . L AL L L TCLLALL AL e e eee.G..C.CA... . CCAACG.GAG. .. ... A..T..T..T..C..C..T..C
405 -..T..A....... T...T.... .60 C C CAAACC.T..CCC.. LA . T..T........0L G L C
405 -..... L PP SN (N cen C.C e COLTTLT. Lo WAL T LT LWL LG T
405 -.....A.......TC..G... - C.C...C.C...T..G...... eeen  CLTLL T LW CLLLTLT
407 C.AT---. ., A.T...AA. A C.C.. . COATG....A.L.. ..., C.T..T..CAL L C
487 . CCAA---~. .. A.T.. . C LCLAL G JAAC, ..A.....C..T..C.... R §
489 CC.ATCA. A..TCGCC TTT CC --------- G... ....... .G AG CA LG AL T TLTC L LG T
487 CATGACT.AGCTTGY. . TGTACC-mmmmmena G GCT..CL.G LG T LG AL TL LG TLTC LCL LT LA
407 . CCTACA.AGTT.GY..TAT.TC--------- LT, C...KAGG. Ao ALLG L.l T CLLATLG L C
407 .CCTACA.AGTT.GT. . TAT.TC--vcoooaeml .. C..T..C...AAG. . AL ..., AL .G.....T. . C..AT.G..C
407 CC.AACT.A, . TTGC,ATATATC--~-~---- 1S T AAT. ... AL AL T T T CLTTL LT
407 CC.AACA.A, . TTGCC.TAT.CC--mmmmmamm 0o C.CAL L, L CGAAT. GC,......‘..C..G.....C..AT.G..C
407 CC.AACA.AG.TTGCG.TGT.TC----=uoun STIN 8 POR CCAAC.GC..A..T..A..C..T..T..C..AT.G..T
407 . C.AACC.A. . TTGCAATGT.TCemmmrmem- T CSCLCALLCCLLLCLGT. LA AL LLCLLTLTAL AL L L. A
407 .C.GACC.A. TTGCAATGT.CCmmm---mnm .T..C.CA..C. CACCCGCCACCA A el TOTOLT.TCLLATLGL LA
407 .CC..CALAG. TTGCA TAT. CCo-mmavmeml L., C..T..... AAACGCT. .A.....A..C. .G T.TC..TT....T
407 (CC.ACA.AG.TTGCA.TAT.CC------nmm. ... C..T..... AAACGCT. .A.. ... A.LC..G..T.TC..TT....T
407 .CC.ACA AG.TTGCA.TAT.CC--------- cen Gl T L JAAACGET. LA L LL WAL GG LT TCLLTT, L LT
407 (AGTACA.AG.TTGC. . TGT.CA----m"muum GGl C.. AATCGT.....G..A..C..G..T.T...A..G..T
407 CA..AC..A..TTGC.ATATATC-~mommmenml .., C..T..... CAAT.GT.....G..A..T..T..T.T.. AT.GT.C
407 .C.AACA.AG.TTGCA.TAT.TC--v-mmu-- GG Cilee L AACLLCAGLLLAL LA TAT...AT.T..T
402 -ATTG.C.TG.CC. . GATT.CAATCTTCCAAG. TACC-—- ..... GAA CALTLALLGL T 06l C
402 -ATAG.CC.C.CC..GATT.CTGTGTACCAGG. CACC--~. ..., G..CGCGA A..G. LA T..... C..TT.6..C
407 .ATTG.CCAGTCA..GATT.CTGTGTTTCAAG.CA..--~... . GAATCTT..... GovoouoT. 6. T, . LALLT. LA
4081 GATTG.CCAT.CC..GAT..CTGTGTTCCAAG.CA..---..C..A..TGTG..C. . A..A.....T..T..C..C..T..A
4@7 .C.GAC..A..TTGCAAT.T.TCAAGACAAT-=---cuu- Wl TG LG LG AL LW CALTLTL L LALLGLLA
487 CATGACC.A---ACTC...... sm————— Accean CCoel  CLCCT. L. .6, AL LG6. . CLL T LGl L LGl W C
407 CATGAC. . A---A.T...T..C.---=-- AT....... C...... G..TG....A..... AL T..... T..CG.A..C..C
407 CATGACA.A---A.T...T...,,----=- L S P T.6T..... G..A..... T..... C..A..... C
407 CATGACT.A---ACT...T..T,-=---- A...G. PR T P Y TS S I Y Y T
407 CATGACA. A---.CTC. ... ommmen AL, ALAGC.G.LALL L L WAL LT TG LT C
407 CATGACA.A---ACTC..T....~=em=- AL, G CLCT... .. [ T.ALLLL T T AL LG
407 CATTACC.A---A.T..TT....=vv=-m- A...G.C.C.. GGG L LALL T LALLG L T T LG LALLGLLT
407 CATTACT.A---ACT... A ... ----=-- A...G.. G..T.....A.C...A..G..T.....C..A..G..T
407 ATG.CALA.CTTG-=~ A, . Cimmmmmmiil, +.C.CALL... G.CC..... GACT..A..C..T..T..C..A..G..C
407 CC.A.CALAG.TTG---.G..,, ====m= Teeinen ACCAACT.T...A.T. AL, L T CLLCL LG LA
398 .ATGATCGACC.A.CCAAGA. CGCTGTAT T ............. GG TAAL T, . . T, T L CLUAT G LA
487 JAC.ATAGACC..TCAAAGA, CGTCGTGT.T.....Couunnnns [ GA.A.CG..A..C......t .. .AT.G..C
398 LAC.ATAGATC...CCAAAA.TGCAATATC...G..C.CT... . C.AATCGT........A..G..G.....C.....G..T
404 CAC,ATAGATC.T.CCAAAA.TGCAATAT......... AA GG LA T AL W T TTLG6L LT
398 CACAATTGAC.T..CAAAAA.TGCTGTGT....G... ALGo L ALTLALLGL T L Gl G..T
398 .ACAATCGAT,TATCAAAGA.TGCTGTGT.T..G..C. CT “as G JTECT..C.6enen T0 L T. L CLLATLG. LC
407 CCCAAGC.A. . TTGTG.TIT.CCev-=mmum- G..Coiinnannn, S Ao CGLUTTALTT.G..T
407 CC.AAT.A, . TT.TA TGTATC--vmmmnmm, G6..C..T . T.TGCLAL. LG LGLTLTLLUTTLG L C
407 CC.AA.T.A, . TTGTG.TGTACC--------~ eereannen C...AA G.TC.A.....A..... CA...TC..TT.G..T
487 CC.AAGT.GG. TTGTG.TTTACC-ommmmmn Govrvvnnnnne. AATG.TC.A e CGLLALTLTCL LT LG C
407 . C.AAGT.G. TTGTG. TGT.TCmemmmmme [ P P CAACC.CALC ALCGLATTL LG T
407 .C.GAGT.G..TTGTG.TGT. . CCammmmmmmml Lo, Coevvenns GAAC..G. .A..T. AL T..0CLG L C
407 (CAALCALLTT. T, TTT. CCmmommmmme, G..C.....C..G...G. C.CGA....A ..... T..T.76..7..6..T
407 .C.AA.C.A..TT.T. . TTT.CComrmmeem~ G..C.‘...C..G.....C CGA....A.. ... T..T.TG..T..6G..T
407 (C.AALCLAL TT.T..TTT.(C-mmmmmmne, G..C.....C..G...G.C. CGA AL TLUTWT6..T..6..T
407 (C.AALCAL TT.T..TTT.CCmmmmmmm- G..C.....C..G <G, C.CGA....A.,...T..T.TG..T..G..T
407 CC.AACA.A.GTC.T... . T.TC-ovmmmmne G..Co...lt CAA G....A..... L TA..TT.G..C
407 .C.AG.T.AG.TTGT..T. T.CCavmmmmmmn P PR ..,.GAAC GT.. AL T..A.LCLLT..T. TALLC..G..C
407 .C.A..C.A..TT.TALTGT. . QC-mmmmmmmm s AAA.GCG..C..G..A..C..T..T.T...T..6.6C
407 .C.GACA.A, . TTGTAAT.T.TCmmwmmvmum LGl CLLT L CLLCAALGET. .. L LT, .. .G, LT, T TC..C..G. LA
487 .C.GACA.A, . TTGTAAT.T.TC-vvm"ncnuu- £G..C..T..C..CAALGCT. ... T .. .. G..T..T.TC..C. .G LA
407 CC.AACA.AG.TTGT..T.T.TC---==m~- LG 0. L 0L AATTEG. AL ... Ao, T..7T.7...0..G..A
407 CC.AACAAG.TTGT. . T.T.TComvmmvunmn, G..C. C...AATTCG..A.....A....TGATGTTA..C..G..A
407 CC.AACA.AG.TTGT..T.T.TC-momemven .G..C SC.. AATTCG..A.....A.....T..T.T...CT.G..A
407 CC.AACALAG.TTGT, . T.T.TC-=o--vuv~ .G, C... Lo AATTCG. AL L AL T T T, ..CT.G. LA
407 CCCAACALA..TT.TA.TTT.C(Crmmmmveen <G G T LGl CAALGET. WAL LT WAL LT, L. TCLLAT.G. LA
407 .C.AACALAG.TTGTG.T.T.CCommmmmmmm i tll . CAAT,GT..A.....A.....T....TC. .AT.G..A
407 .C.AACA.AG.TTGTG.T.T.CCummmmmuun Civeeeanenae CAAT.GT..A..... Ao, T....TC.LAT.G..A
487 .C.AACALAG.TTGTG. 7. T.CCommmmmmmm (oL, CAAT.GT..A..... Ao, T....TC..AT.G..A
407 . C.AACAAG.TTGTG. T.T.CCrmmmmvmee s CAAT.GT. .A..... Ao T....TC..AT.G..A
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Figure 2 continued
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o1 v77 480
82 V83 480
23 ML1S - 483
04 Urbana 480
@S LSe1z 480
06 K2 480
@7 Hie 480
08 ML12 480
09 FRI-NCI 480
18 Bolin 480
11 KS20 483

12 sie3 480 .

13 s21 480
14 FCY-43 480 .
15 ML3 480
16 KS1e3 480
17 Mis 480 .
18 258cvs4B4 482
19 2280 480 .
20 V276 480
21 vz7a 480
22 LLK 488
23 (CFl/68 480
24 ML7 480
25 1J)-¢-7 480
26 K1 488
27 28043-87 480

28 82857-91 480 .

29 89243-.91 480
30 LSe1s 480
31 F&5 480
32 182cvsSA 480
33 ML13 480
34 F(V-255 480
35 KS40 486
36 KS8 480
37 K12 480
38 A4 4380
39 NADC 480
40 JoKe3 480
41 K8 480
42 F4 480
43 IBARAKI 1 480
44 1J-F-3 480
45 K5 480

46 FS 480 .

47 FPL-NCI 488
48 KCD 480
49 F8 489
5@ Kii 480
51 K3 486
52 FCV-5 480
53 ML14 480
54 K4 480
55 MLl 480
56 K7 480
57 I13-F-9 480
58 K10 480
59 1)-F-4 480
6@ FCv-2 480
61 FCv-1 480
62 F(v-6 430
63 F(QV-11 480
64- H17 480
65 IJ-F-5 _ 48@
66 K9 480
67 FCV-15 480
68 FCV-170 480
63 H1 480
70 ML2 480
71 MLé 480
72 MLS 480
73 FCV-B 480
74 S1 480
75 S2 480
76 ND3S 480
77 TOKYO 1 480

CTCCTTGGGTACACTGGGATT GGCGAAGAAGCGATCGGT GCCGATAGGGACAGGGTAGTGCGCATTAGCATTCTGCCCGAGA
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Figure 2 continued
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(1739

g; 3;; ggg CTGGTGCTCGTGGTGGAAATCATCCAATATTTTACAAAAACTCCATCAAATTGGGTTATGTGATTAGGTCTATT
I Y Y o T ALCL L RPN Accenen
03 ML19 S€5 ....G..... [ SR Y P F..T..?..T..;..G ..... f..? ........... A..C...
@4 Urbana 17 O - N G....s A LALLGC.T..Gooovne.. L ALLALLL
95 LSelz 562 .....C6C.....C..C..C..C.....C...... ceeeeaa Al 6T LACLCLLALL L.
06 K2 562 A..ieiiina.. C.C.....C..T..C. LG TO AL T GG Acvvininnnans
07 H1e 562 ....C.....C... G..C. C..T..C. .C. LG T AT L WALLG L. W TG L ALLC
28 MNL12 562 ........n P S T.....C..T..T..C... ..... LY. T PP C..A..... .o .o
89 FRI-NCI 562 .Covvvinnnnnnnnn [P o N G..... I A..Covvnnnnns
18 Bolin 562 .Co..unnn P P O PPN JRR S RN AcCovinnnnns
11. Ks2e 565 ....C..G...... (SR Y (R [P U (Y T I GC T LG CLLCCLCLLALLALLA
12 si1e3 562 .. A ieiee.., C.....C..T..C..C..... G..T..T........ [ Avvunnn
13 sa1 562 L. ALL GG TG T G T e . eaeeeee A
14 FCV-43 562 ....Goeiinn... ~C.LC [ PP PV (PO TR Y Y SN
1S ML3 562 .C..Givvennnnnn. ST S AN SN S SUDUNE S0 SOV R SUNDNIY SUPRY.Y SN
16 KS1e9 562 ....... (SO PO Y SO P SRS P S SR o (I S DU
17 ML4 562 c.i..iiiieee ALl CLLCLLC UGG, Qeveiinnnnaas CT.ouunnnn TG AL
18 258cvs484 564 .C..C........... L7 A <N DU <R LCoL AL
19 2280 562 ..., 0L L CLCLLCTLCLLCLLCLLCL LT, L L TAVALLT. F ..
20 V276 562 ...l Gl Ll C C.C.To ve T ALLG e [ A..C
21 V274 17 [P T [ PP Y R I TeAeiGuovreeeaCovevnnnes..ALLC
22 LLK 562 .C..G. .. AL veveseCiiinee TGl eeenn el GCLCalL ... CLCLLALLALL
23 (CFl/68 562 G...C..A........C.....C.....C.. CCovevennnnn PN GC.T......t. Acveeaes .C.
24 ML? 562 ....G..C..C.....C..C..C..C..T.LC, Ciereererean [N I DY T
25 1J)-F-7 562 T...6..G........C..C eeevs o To G . AAGC. ,.GGC. T o veunennn C..A ...,
26 K1 562 ....A..A. A C.. R P (Y DR <] o o LLTAA L.
27 28043-87 562 .. .G AL e C..G ..... C..T..G..TAT...G..GC.Cna . Acvova AL,
28 B2857-31 562 ... .G. AL ..., e C..G..... C..T..G..TAT,..G..GC.C...... Y D A...
29 89243-91 562 ....G..A. ... .un.n C..G.....C..T..G. . TAT...G..GC.Covun et Aveeernes A...
38 LSe1s 562 ....A..G.. R PR R PN R [T R PN A LALLA
31 Fe6S 562 .C..A..A..C........ [ T..A....... eeaans LTl CLLALLC .
32 182¢vsSA 562 ..iihiiian. Accoooue. [ PR (O TN T.TT..G... A A o ..t A...G.A.LA...
33 M013 562 ....C.....C.....T..C..C.....C..C..T.....T..A..T..GC.T..6 CALalAL L
34 FCY-255 562 ....G..... Covinn C..C.....¢..¢C........6 I (O SR R SO Ao, A
35 KS40 568 ... .... Acceannn, G.o.vu C..... [ G..... TC.7.G6.C.T..G C e ALLA
36 KS8 S62 .A..... ALLCLLAL T ..., Teeens Covvnnn oo  TALLALLGC.Toeiinnnn Y TN A
37 K1z 562 .6G..G..C..0u.nn [ O GG...AA..G.....A. A .........CACA.A
38 A4 562 .C..A,.G..C........C..C..C..C.. T..G.....A.....GCLA..C.......ve A..G...
39 NADC 562 T...G6..C........C..C..C..G..C.. e T T . T..GCLAL.Cuinnenns P S
48 J0K63 562 ....Couu.nn e TG GG AL T GGl AL
41 K8 562 .C.....C.....A..C,....C..C..C..C,....G..T.,A..A..G. .A. eerae CL ALLCLLL
42 F4 562 ....G.. Y [ S A..T..... [P RN Acoo.s Ac.... C
43 IBARAKI 1 562 .......0.C.....Coan Bl L€l Gl Gl WAL LALLLCLALLC A.....ALLC LA
44 IJ-F-3 562 ....... Covvvnnnn C..C..C..C..C.ovenns G T A et iiieiiiinnas A..C..ALLCLL.
45 KS 562 .C..... Covivnnnn [ CoCnC G T G T A i v anea s ALCLLALLC
46 FS 562 ....G..u... e T G T G s AL T GLLCLL AL AL
47 FPL-NCI 562 ...l N C..C..C..C..T..G. . TAGA. ..... [ SR RN Aco....
48 X(D 562 ..... R P T..6..C.T..C..Counnns errsesasaes A..Covo. ALLCLLALLGL,
49 F9 STl ciiiiniian AcCo.T . CouCinnlTouCoe s dGuevene Tonenen s S SN
50 K11 562 A .. AL 0L G LGl C T G e GT..G.....Aeus, eeeseaes Acoo..s
51 K3 568 ....... A..C..Co.a... RPN PR (U SO cf R I PR SO o C..A......
52 FQv-S 562 ... AC.C...... GG GGG LG Ll T WAL LG S
53 ML14 562 TA..C.....C..G..C..C.....T..C..C.....G.....A..T.......e Covnnn A, Covnanannn
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68 FCV-170 LCL LA LT TWAC e ATT.A..... AvcAiiieieinenans GA..
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70 ML2 LA C..T..C‘AC...C.. JTAAAC.......A..C,....A.,C...GA..
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72 MLS AL, .C,.T..C.AC...C.... TAAAC....... A..Coalll A..C...GA,..
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74 3S1 oo T TLAC ... G, LAAGC.T..G.... A G. .. A, .C.AAGAC. ..
75 S2 LTL.TLAC, . .G...AAGC.T..G.....A... A, C.ALGAC. ..
76 ND3S T0.C AC... .G, . AAGC.T..G.....A. ... A, .CLAAGAC. ..
77 TOKYO 1 T..CAC...., G...AAGC.T..G..... A.....A..C. AAGAC...
‘-‘ ‘u.-*o oo.-bl- .. ‘- ** ‘- "0-.. ooooo

Figure 2 continued
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Figure 3 Comparative amino acid sequence (370-580) analysis generated from the
translation by nucleotide sequence of capsid protein of FCVs in Figure 1.

Y =Identical amino acid
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Figure 3 continued
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Figure 3 continued

211
214
213
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
213
211
211
211
211
212
211
211
211
212
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211



V83 / Australia / 1972

ML19 / Japan (Nara) / 2000

Urbana / USA / 1960

LS012 / UK / 1985-1988
K2 / Japan (Fukuoka) / 1994 C1

H10 / Japan (Tokyo) / 1999

ML12 / Japan (Nara) / 2000

r FRI-NCI / USA / 1960

— L. FPL{Bolin) / USA / 1957

KS20 / Germany / 1994

$103 / Japan (Kanagawa) / 2000
S$21 / Japan (Kanagawa) / 1998
FCV-43 / Japan (Kanagawa) / 1994 CZ

ML3 / Japan (Tokyo) / 1997

KS109 / Germany / 1995

ML4 / Japan (Osaka) / 1997
258csv484 / Australia / Unknown
2280 / Canada / 1983

V276 / Australia / Unknown

L V274 / Australia / 1989

LLK / Canada / 1983 C3
CF1/68 / USA / 1960

ML7 / Japan (Hokkaido) / 1998

1J-F-7 / Japan (Fukuoka) / 1999

K1 / Japan (Kumamato) / 1994

28043-87 / Canada / 1987
82857-91 / Canada /7 1991

L 89243-91 / Canada / 13991 C4
__rl- £S015 / UK / 1985-1988
F65 / UK / 1990
K4 / Japan (QOsaka) / 1994 I~
ML1 / Japan (Kanagawa) / 1996 7

K7 / Japan {QOsaka) / 1994
1J-F-9 / Sapan (Fukuoka) / 1999
K10 / Japan {Fukuoka) / 1995
|J-F-4 / Japan (Fukuoka) / 1998
FCV-2 / Japan (Kanagawa) / 1989 Ila

FCV-1 / Japan (Kanagawa) / 1990 I
FCV-6 / Japan (Kanagawa) / 1990

FCV-11 / Japan (Kanagawa) / 1990
H17 / Japan (Tokyo) / 1999
96.5 1J-F-5 / Japan (Fukuoka) / 19538 ] H

K9 / Japan (Osaka) / 1994

¢ FCV-15/ Japan (Kanagawa) / 1390 1T

L FCV-170 / Japan (Kanagawa) / 1996

H1 / Japan (Tokyo) / 1998

'{_ ML2 / Japan (Osaka) / 1997

MLGE / Japan (Osaka) / 1997

MLS / Japan (Kanagawa) / 1997

FCV-B / Japan (Kanagawa) / 1993 Hb

S$1 / Japan (Kanagawa) / 1998

99 .7 S2 / Japan (Kanagawa) / 1998
ND35 / Japan (Ibaraki) / Unknown L

TOKYOD 1/ Japan (Tokyo) /7 1998 -

. 182csv5A / Australia / 1980

oy~ E .

ML13 / Japan (Nara) / 2000 ~—————=—

1 FCV-255 / USA / 1970
KS40Q / Germany / 19395 CS
—i KSB / Germany / 1994

K12 / Japan (Kumamoto) / 1995 —

A4 /UK /1973
NADC / USA / 1986

JOK63 / UK/ 1985-1988
- K8 / Japan (Osaka) / 1994
F4 / Japan {Tokyo) / 1971 Co
IBARAKI 1/ Japan (Ibaraki) / Unknown
1J-F-3 / Japan (Fukuoka) / 1998

K5 / Japan {Fukuoka) / 1994

FS / USA / 1958

FPL-NCI /7 USA / 1960
KCOD / New Zealand / 1957
F9 / USA / 1960

K11 / Japan (Fukuoka) / 1995

K3 / Japan (Nara) / 1994 c7 O. 1 %

FCV-S / Japan (Kanagawa) / 1990

V77 / Australia / 1979 -1

ML14 / Japan (Nara) / 2000

Figure 4 Unrooted phylogenetic tree of FCVs using nucleotide sequences. The tree
was produced using the NJ method. The two major genogroups were
designated as groups I(clusters C1~ C7) and as II(subgenogroups Ia and
ITb). Bootstrap values (%) are indicated at the relevant nodes. Evolutionary
distances are to scale.
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Figure 5 Unrooted phylogenetic tree of FCVs using deduced amino acid sequences.
The tree was produced using the NJ method. The two major genogroups were
designated as groups TA(clusters CA1~CA6) and as IIA . Bootstrap values
(%) are indicated at the relevant nodes. Evolutionary distances are to scale.



Strain

F9 (M86379)
FCV-Ari
FCV-S

H1e@

F9 (M86379)
FCV-Ari
FCV-S

Hie

F9 (M86379)
FCV-Ari
FCV-$

H10

F9 (M86379)
FCV-Ari
FCV-S

H10Q

(No. of nucleotide)
(1.245) )

1
1
1
1

1ze
120
120
120

180
180
180
180

ATCCCTGATGGCTGGCCT-GACACCACAATTCCTGGGGAGTTGATACCAGCTGGTGATTA
- A ALGAT.G.T.G.CT.ueevvenna oG lAALLCL LWLl Toes s W Ceeess
A € GG T AL LALALAAACGLCLCC e e
N P o S T IR - S (R d S PE TR LT

o B .. . O.. * l’t"....“ ¥ * . €, L 2 26 BeEss S0

CGCAATCACCAATGGTACTGGCAATGACATCACCACGGCTACAGGATATGACACTGCTGA
«voCo . .GTAG....AT.A.......... ves AL TAAGGATAA......A.G......
TT. ... TGTT.. .CAG.. . AAG..ceuevnnsaseassssG.TCAG..C....GC. . CAC
TeeodToAGLLALLLGC oeeeen e JTALLT. . LCACLA...Cou 0 W GC. .o e s

. LA soees e s e ¢ 54 € e
- - . » ee ses . *a ..

v o e

TATAATTAAGAACAATACCAACTTTAGGGGCATGTACATATGTGGTTCGCTCCAGLGTGC
,G6.G6..C .. W T G T Cene e vevessseaToeaeC. AL T.LAALAL,
GAL G CAL e Co A A AT e tici i e s G T T en e
GA . Covee  CALLAL ..., Co...Ac ... LeeooolG....G...A.G..
‘. ‘O..‘..t““ e S¢ ‘C."". SePeEsEs SISHE ®» #% "' + ¢
(1452)
CTGGGGYGATAAGAAAATTTCCAACACTG
A..... PO A......NGGC
GeveosossecoveosasAi Al Touns
Toverenns Covnnnnnnn GG, .. C.

.
CESREERE SEERIOEE

teses o

" 3% =Identical nucleotide.

59
59
59
59

119
119
113
119

179
179
179
179

208
208
z2es
208

Figure 6 Sequence homology comparison of FCV-S , H10 , FCV-Ari and F9 strains.
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Figure 7 Phylogenetic tree (UPGMA) illustrating relatedness among feline calicivirus
isolates and their virus neutralization titers to F9 antiserum. Multiple
alignment of capsid protein amino acid sequences from 426 to 458. Reciprocal
virus neutralization titers were generated by making two-fold dilutions of
sera from a cat inoculated with F9 virus. a) Virus neutrarization test, reciprocal titer.
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Figure 8 Unrooted phylogenetic tree using capsid protein amino acid sequences from
426 to 458 among FCVs in Fig.7. The tree was produced using the NJ method.
Bootstrap values (%) are indicated at the relevant nodes. Evolutionary

distances are to scale.
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