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B E.oemzamiis yERmE(FPV) 5 X k& (CPV-2) Wik X A %, KM FPV RAEA R A Lm0 %
2024 4 6 A AT v RAR— R 2 A # s R4 R KM B & JLIA & BF 2 PCR & 47 & S KL ILiZ R A FPV 8
P B, A e RAE R K F 69 FPV #4749 B SR AR T HAES AT R R % FPV MM R o #4248 A A A K5 40
M(MDCK) #4755 A 09 5 8 shAb  SF ¥ 3 3L 74 VP2 4= NS1 A 5. %20 o & 3% X R FPV 4 F KR L 7 & VP2 fo
NS1 B3] A2 4B 3 VP2 & & X g e 5 BRI R L £ A R R AR AL A7 9 3% o & 4k 4 FPV, 3L VP2 531 5 &% FPV
T4 —5 A9 NSI LA 4 ARAB R0 R E (V1151 V1321 H247Q \H595Q) KB R 8 KNG RAE R 7 5 5 %
3| FPV, G xf L £ 2 W 55847 T 947, 4 FPV 695 b 45 354245 T 248,
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Isolation, identification , and genetic evolution analysis of

a feline panleukopenia virus strain from a clinically healthy dog

XU Jia,CHEN Wei, WU Kailu, YUE Hua, TANG Cheng, CHEN Xi

(Sichuan Provincial Key Laboratory of Animal Medicine at Higher Educational Institutions,

Southwest Minzu University , Chengdu 610041, China)

Abstract ; Feline panleukopenia virus (FPV) is closely related to canine parvovirus ( CPV-2) in genome,but FPV cannot infect
dogs or canine cell lines.In June 2024, during a viral carriage survey of a clinically healthy dog in Chengdu,Sichuan,FPV was
unexpectedly detected in a two-month-old clinically healthy dog by PCR analysis.Thus, this study aimed to isolate ,identify, and
characterize the molecular characteristic of FPV found in this clinically healthy dog. Aseptically collected fecal samples from the
FPV-positive dog were used to isolate and purify the virus using canine kidney cells (MDCK) and to amplify its complete VP2
and NS1 sequences. The canine FPV strain was successfully isolated, and its complete VP2 and NS1 sequences were ob-
tained. Based on the amino acid residues at key sites of its VP2 protein and genetic evolutionary analysis, the isolate was identi-
fied as FPV. Its VP2 sequence was identical to that of known FPV strains ; however, mutations were observed at four amino acid
sites ( V1151, V132L,H247Q,H595Q) in its NSI protein.This study represented the first successful isolation and identification
of FPV from clinically healthy dogs,and the analysis of its major gene sequences provided evidence for potential cross-species
transmission of FPV.

Keywords : clinically healthy dog;feline panleukopenia virus;isolation and identification ; genetic evolution ;cross-species trans-

mission
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BZ 1 41 B 98 iE 96 BE (feline panleukopenia vi-
rus, FPV) T 1928 4F 5 il , & 51 90 8 s R
Ko™z M 1 A0 N i 2 AR AU A R AU 1 — b B BT A e
AR FPV T B2, B A ARG R IR A
YA RS W A1, i ] B ) R A B B BE A SR /N AE
Al BERE A EL R M T B A B, O 1
FEF PR R A /NEEE (canine parvovirus, CPV-2)
B BLT 1978 4, 2GR ik S g R T
2O IR B —FhX R FER K AR T FPV 5
CPV-2 (1) 3 A 2 3 1) ) Y14 15 38 98% LA I, (A itk
CPV-2 HHIANIEH FPV o H % 4 B ikl o 18t A A8
SR I — PR S Y R A AE SRR BESE, FPV
I CPV-2 75 VP2 35 11 1Y — 2L 5 FE R {57 £ (80,93 ,
103,323 564 Fl1 568) HAG b & 25 5, iX S6 47 1 B
YERIX B FPV Fil CPV-2 [ 5 8 & FE IR 17 05, i
Ak, FPV FI CPV-2 X R Ay J8 4L fig gt B W AN ],
WIS A FPV XK 4B 3R K R A 8% e i 56 35
B, FPV AN REAE KR 4L KB 440 R R 96k £ 200 e v
Y B SRR N Y T PR R N T E RPN
F14) ) Rt R B A R RS M T A T A R R
5 CPV-2 Y 5 AR B R R Iy, b e HE# 5 1 i
L5

FPV i Higk DNA i 8E , S F 512978 5 kb, £
WS TFL R EHE (ORF) |, 44 ORF 3 i 5 $ Pk 33
& H g 2 M RN AR ORF SRiBIESS &
4 NS1 FlI NS2, Hob NS1 B T EE R E A,
NS2 5 NS1 HA R 87 MR IR IR I N-AR v 4h
P38, 55 NS i B 527 A 1 53 Ak 78 A~ SE R ik 5k
PHEMTAL, 7T B A Bh T & 1A RO s A
ORF 4 W45 M & (1 VPL F1 VP2, VP1 E A&
VP2 B ST 9, 8 55 WA 5T i A% e i T2
UYL (9 N-AR I 143 A& FEER AR VP Al
VP2 L T W A A S, o VP2 R R E
FIAFTRR I, 20 90% A A, FE9m BE I G e 0 24 4141
SRR 2RV i 3 R S0 e R A A T R
YET HBEAE LS, VP2 2 R I8 AL R S Bk
IHEH/INE TR YRG5 18 E2 R EAE Rk
FRPEOAR I E R

ARBFFET 2024 4F 6 HAER DU ALHER— H 2 A i
e Al o R AL £ 2 7 B 1 LR DU B, 28 PCR Azl 43

PrR iz R FPV BRI, R , AW 5T B9 H Y 24 1%
i PRAEFER H i) FPV 37 73 8 25 LA K o3 T4k o3
B, TR FPV BSY AL R B UESE.

1 #REFE

1.1 IGKREFERSHR

2024 4F 6 F RN HR— H 2 H ik R AR
RATT IR T, #0475 UL JL A9 i 2. DMEM 55 3% 5
14 H Aidlab Biotech b5 A B/ ] ; 2xRapid Taq Mas-
ter Mix W [ R 5L MEREAT BN |5 IR 2R v 8 B 2t
WIEFE W) FITC- 1L SEHT R 1eG  DAPIL 3 5 H
Abbkine 23 &) ; pMD-19T 73 [ Ay 1 /5 TaKaRa 24
Al s DNA $2HGL7H & A RARA LB A IRA A e
Pt FPV &R, TOP 10 KIHFFH sz 24, MDCK 41
Jt F PG i R R 2 8 A I 2 B S B0 = AR AT
1.2 PCR #&J

BREARE T 2 mL B0 P, A A # Rk
1.5 mL, B FERA G E T 4 CE.OHLFT7 000 r/min
> 5 min, WA BT IRAEA HLHC 300 wL AR
FH DNA $#2B0AF G2 A DNA @ i PCR XA
HATRII.FPV F1 CPV-2 3@ 51915 B0 F.5'-TGAT-
TGTAAACCATGTAGACTAAC-3'; R: 5'-TAATCGAGT-
TAAAGGACCATAAG-3', H B B K /N Ky 567 bp (fif
F VP2 1 | 268-457 (& IERR) O YRR Ny 2%
Rapid Taq Master Mix 10 wL,ddH,0 6 pL, I NG9
&1 pL, FEZ< DNA 2 uL; PCR R W FEF R 95 °C
3 minfAE 4,95 °C 15 s 484,58 C 15 s iRk ,72 C
10 s FEfif, 2EAEFR 35 . PCR P~ 0 1. 5% Bifig
WEGEI B VKR AT 900, 6 BHPE PCR =9 2% 2 465
BRI A B F T 531
1.3 "ENSBSEE
1.3.1 mEHB

B MDCK 415 3% F 6 FLM, 15 H K & 90% &
A HL 500 L FEAS LBV 0. 45 wm B TR IE 4R
AU A F] 6 FLAR Hf, B X RO A G5 5 1) DMEM
BrFedk WUET 37 °C 5%CO G4 E 1 h, E Y
WIEFEE FWEIFIMA 2 mL DMEM 55558 i & 15 5%
FERF RS T4 ™= A= B . CPE A5 , R E ¥kl
3 IR BRI K 4 B e B 1% 3 1R, IR EA T
Gl B AE T80 CAH.
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1.3.2 4 HaH PCREZ

B 200 uL 400 F 3, A1 DNA 48 B0sh) & 42
IBUREE DNA, # I8 1.2 B9 390 3R K W AR kA 7
PCR 93 ¥ PCR 7= 1. 5% B e M e v ok 1A 7
B50E, P PCR =43k A6 st R A A FRA HII .
1.3.3 & & 4k TCID,, M 2

P MDCK 4270 2= 96 FLk b, 15 45 L 40 i K<
2 90%7/: A7, 1l DMEM ¥557 3% 10 £5456 BE A B alifb Je
PR BRI, 2T 11 AR BERE B, DL 100 L/ L4 3%
B8 AHE L, I E X R E T 37 °C 5%C02
BEFRAARE F% 4 d, W90 5% 4 i A2 FL A, I 44 BR
Reed-Muench 33158005 FE T .
1.3.4 o & &rREE g %R E

P AL IS 0998 B2 WL Fl T MDCK 4l Jf 1 &
FIPEXT IR, 1557 48 h J5 7 K5 R WH PBS 1E T 3 Ik
Je A H F S TR A2 15 min, 7525 IS MR 0

ANEAH 3% 175 I (BSA) A9 PBS 78 37 °C N4
I 30 min; PBS {EUE/E A 1%BSA i B0 bt FPV
B IIEVE I —HUEE 1.5 h, FE 5, HUE A
19%BSA i B/ FITC FRic 1L E90 4 1gG 18 — 41
WEE 1.5 h, BRI VE T ¥ 5 A DAPL ek e 4
Il 81 B 5 5 b Tl LB 45 2
1.4 SBEHHK VP2 NS ERAT EE#LHS
SR Y FPV &K VP2 NS1 B (%
1), #E47 PCR ¥4, - 3R15 19 PCR 7= 947 e [ml i
J5 5 pMD-19T AR i% 4 746 2 TOP 10 /832 541 i
T PRI P UEAT PCR 4558, 04 BHPE TR % = b
FUERHE YA BRI A0 % $% GenBank _E AN [7] i1
ANEFH LAY CPV-2 Fl FPV 52%& NS1 Fil vP2 JF41) 4t
171 /MBS %75, i2 F MEGA 7 B4 3 41
HEAT LT 23 BT, 080 ] e K AR AR 1k g At 0 85 g Bk 1)
NS1 Fl VP2 SR RG KB

R1 NS1FvP2 £EEFFI &S] 4

Table 1  Primers for complete gene amplification of NS1 and VP2
ElL/E2N SIFAI(5'—3") A BRI /bp
F-VP2 CGGAATTCATGAGTGATGGAGCAGTTCAAC
1799
R-VP2 CCGCTCGAGATATAATTTTCTAGGTGCTAGTTGAGATTTTTCA
F-NS1 CGAGCTCATGTCTGGCAACCAGTATACTGAGG
2 007
R-NS1 CCCTCGAGTCAGTGGTGGTGGCTGGTGGTGCTCGAGATCCAAGTCGTCTCGAAAATCTTCT
4t
2 &R M 1 2

2.1 HZ PCR #&il

5 HIAG I FPV A1 CPV-2 938 11519 PCR ¥ 3%
FEAAY DNA, 2808 1. 5% B Bg W UE Je i Bk R 00 , &5
WBR(E D) IS &R A — & B Y
H A FEE /N — 0. 28 7 500 Bt & B, AR 3 FPV
F1 CPV-2 VP2 SCHER LR & 323 M 2257, W1
RSB TERR AT BE R FPV, 41 4% A FPV-SWUN/
G1/2024.
2.2 WEMNSBELE
2.2.1 mENYE

PG BHPEREAS 53D T MDCK 4 i,
HEEE 15 310, W50 AR AE , A AE 72 h A2
A B s SR A SRR R AR (8] 2).

2000 bp
1500 bp
1000 bp

750 bp

500 bp
250 bp
100 bp

Bl 1 BAPCREELER
Fig. 1 PCR Identificationresults of the sample
7 :M. DNA marker;1. FAPERFHE 2. If REEAS
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Fig. 2  Cytopathic effect (CPE) of the isolated strain in MDCK
A. PAMEAREAS RS MDCK 2400 ; B. BAPEXT RE 41 i
2.2.2 4B ERRRER AN 4 d. AR ¥ Reed-Muench 75715 FPV-SWUN/G1/2024
¥ FPV-SWUN/G1/2024 Bpbkaf BEM RS ST 4045 FEARAY TCID,,, 22 45 R /R (% 2) , FPV-SWUN/
Fl T MDCK 40, 5 K WL ZS Al MO A8 15 0, B 200%5E G1/2024 # TCID,, N 10%%/0. 1 mL.
2 FPV-SWUN/G1/2024 # TCID,,I%E &5 %
Table 2 TCID,, determination results of FPV-SWUN/G1/2024 strain

I it BTl ES AR R

T A AL 4 s A5 FLEL e - Ll ”
107! 8 25 0 25/25 100%
1072 8 17 0 17/17 100%
1073 7 9 1 9/10 90%
1074 2 2 7 2/9 22.2%
1073 0 0 15 0/15 0
107¢ 0 0 23 0/23 0

2.2.3 S BEHRAELEREER FERR AN B B s (0 500, B A A fE MU N,

AP FPV-SWUN/G1/2024 758k T MDCK 2 i1, X BRI TG 2% . 98, R IHZ - B R vT 5 FPV T
Kigt 48 h AT AR R PE D C S a5 R 3, 0T 0L s & AR R O

o ) i} HE 21
B3 SESHEBEEEERER
Fig. 3 Indirect immunofluorescence results of the isolate
2.3 S EEHK VP2 NS1 ER A R FLHSHT HFEA DNA, 28 1. 0% Byt WEEE I i TSI, 45 51
2.3.1 & F&% VP2 NSI AR 3 N (B 4)  BIPERST AT 43 B bR VP2 NS 4™
Y FPV 2K vP2 NS1 R GIH PCR Y™ ¥R BER/INVTINZH 1755 bp F12 007 bp, 5 T
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B R/N—B0 20 85 R I AR R B S B Bl
FPV VP2 K NS1 By3EH e 4.

M 1 2 3 4

5000
3000 %

2000
1500%8
1000 bp
750 bp

500 bp
250 bp

100 bp

B4 SHEHH VP2 NS EREY1E
Fig.4 The VP2 and NSI genes of
the isolated strains were amplified
1 .M. DNA marker; 1. VP2 3 38 FIM:XT 18 ;2. vP2 73
3. NS1 P BAPEXT B8 ;4. NST § 38

2.3.2 4Bk VP2 547

FPV-SWUN/G1/2024 43 &tk HY VP2 JEH 2K
1 755 bp, 4% 584 IR IE. 5 FPV AT IR)T
GRS R ¥ 51 0 [R)UR A 43 51 A 98. 7% ~ 100% Fil
99. 6% ~100% , 5 CPV-2 (AT R IT 5 M IR T 5]
F FR1 IR 43 ) 4 95. 5% ~ 96. 5% K1 96. 4% ~97. 8% ,
AR S0 2 i 1 DA R 35 B R R AE VS R R AR rp
EFAYR IR FPV (MZ913314 ~ MZ913318 ,0M638042 |
OM638043) & K& /R ¢ 51 Y [6] J8 ¥ 4 100%. FPV-
SWUN/G1/2024 5 GenBank H' FPV/CPV-2 {CFE kY
VP2 8 T A s s B IR R Y LR A5 R L3k 3,
FPV-SWUN/G1/2024 43 &%k VP2 FEH L% FPV 4
S L TR AR 1 S R A% 80 K93 K103 V232 V|
323 D564 N Fil 568 A, H.7] 5 FPV VP2 3t [H 7 51
100% — 2. ¥ FPV-SWUN/G1/2024 43 & ¥k 5 Gen-
Bank [fiY) 71 & FPV/CPV-2 524 ) VP2 IR ¥4
Y REKEW (K 5) BoR, A5 H 1 FPV-
SWUN/G1/2024 5 FPV B h—A K ¥ HY5 CPV-2
R AR S kA B S L R

K3 HBEE GenBank Y FPV/CPV-2 %k VP2 EASEMEEMILE

Table 3 Comparison of amino acid residues in the VP2 protein of isolate with the reference strain FPV/CPV-2 in GenBank

VP2 25 [ A R AT A

FEH 4 =S
80 87 91 93 101 103 232 297 300 305 323 426 564 568
FPV JFUG TR (BE bR ) M38246 K M A K I v \% S A D D N N A
FPV KX900570 K M A K T vV oV S A D D N N A
FPVA91S 0L547737 K M S K T vV oV S A D D N N A
FPV-SWUN/G1/2024 K M A K T v % S A D D N N A
CPV-2 MN451664 R M A N 1 A I S A D N N S G
CPV-2a D26079 R L A N T A I S G Y N N S G
CPV-2b MN451662 R L A N T A I S G Y N D S G
CPV-new 2a MG583676 R L A N T A I A G Y N N S G
CPV-new 2b MT648206 R L A N T A I A G Y N D S G
CPV-2C KU508693 R L A N T A I A G Y N E S G

2.3.3 4 & &k NS1 o047

FPV-SWUN/G1/2024 43 B #k ) NS1 JEH 4 Kk
2 007 bp, Fifih 669 A ILFRIEIE. 5 FPV AT IR A
G TR A WAL 4> ) K 98. 7% ~ 100% A1 99. 1% ~
100% ;5 CPV-2 (14 1 R F1 2 5 12 [A] 98 4 43 0l A
98. 5% ~99. 4% 1 98. 7% ~99. 4% , 5 R J§ FPV 2 %=
2 [E] JE A R 99. 3% ~ 100%. FPV-SWUN/G1/2024 43
BMRE FPV ML BEMRAR L, 7F NS1 &R B =R

AY5EAE V1151, VI132L, 1 H H: 247 {3 55,/ Q F1 595 1
M Q5 CPV-2 W& LR AR I — B, i K Z %L FPV
2247 TH1595 L, 23R 2 A8 b W2 4 6 VST
HH 5 GenBank ) 71 4 FPV/CPV-2 52 % ¢ 5] ik
ITHE B, B 57 NS1 AR R E K FW WA 6,
FPV-SWUN/G1/2024 43 5 ¥k 15 A 52 56 % A 3 & B0 1)
KPR FPV(MZ913314 ~ MZ913318) N — ., H AW
b DO T A FPV BEAR SRR st e ik T B S
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AR IRA A R I FPV (OM638042 . OM638043) tl: FRAR B —F, (HAE 95 1 A5 & A AR L 2] 1 R
XF IR X W AR KRR FPV NS1 7E 247 F1 595 37 554, AR FEIH AL A AL AL

MG764511.1 Feline panleukopenia vinisisolate FPV-L Sictman
KX685354.1 Feline panleukopenia virus strain HN-ZZ1 Heran
PP973493.1 Feline parvovirus isolate FPV JL 2280 Changchun
PP336908. 1 Feline panleukopenia virus isolate CVASU/BD/50 Bangladesh
A FPV-SWUN/G1/2024
KX900570.1 Feline panleukopenia virusisolate HH-1/86 Jilin
MF069446.1 Feline panleukoperia virus strain FPV/Raccoon/RC9/BC 2010 Carada
A NZ913317.1 Feline parvovirus strain C-1 Sictman
A NZ913316.1 Feline parvovirus strain C-F88 Sichuan
A NZ913315.1 Feline parvovirus strain C-F9 Sictnan
A OM638043.1 Feline panleukopenia virus strain EGY/2021/139-188 Italy
MZ913313.1 Feline parvovirus strain F-18 Sichuan
EU659111.1 Feline panleukopenia virus isolate FVP-3.us 67 USA
£ OM638042.1 Feline parileukopenia virus strain [TA/2021/164-1 Ialy
003636 19.1 Feline panleukopenta virus strain Y22019-027 Jiangsu
MG924893.1 Feline panleukopenia virus isolate GX0 1 Guangxi
KX434461.1 Feline panleukopenia virus strain FPV 12351 3201 1 15 ltaly
KP769859.1 Feline panleukopenia virus isolate MG 1321674 Belgium
MT178243.1 Feline panleukoperia virus isolate SY-01/2019 Liaoning
——MW926316.1 Feline parvovirus isolate Cat 3 UK
—— OR193066.1 Feline parvovirus strain NTU/C 148/2020 Taiwan
——MZ005633.1 Feline panleukoperia virus strain HNZZ2 Heran
——0Q863616.1 Feline panleukoperia virus strain Y22019-024 Jiangsu
OR227624.1 Feline panleukopenia virus strain CH/Y CYH/2021 Jianggi
65 ' KP280068. 1 Feline panleukoperia virus isolate HRB -C 51 Heilongiang
W09 1487.1 Feline parleukopenia virus isolate Giant panda/CD/2018 Jilin
MZ712026.1 Feline panleukoperia virus isolate AMPV 2020 Sichuan
64 INMW331406.1 Feline panleukopenia virus isolate gpfe16par01-5 Jiangsu
EF988660.1 Feline panleukopenia virus strain XJ-1 Heilongjiang
PP419033.1 Feline panleukoperia virus isolate FPV/INDIA/MZ27 India
£ MZ913314.1 Feline parvovirus strain D13 Sichuan
A MZ913318.1 Feline parvovirus strain C-4 Sictuan

OR257444.1 Feline parvovirusisolate WH 1 Hubei
M38246.1 Feline panleukopenia virus USA FPV EE#

OR264206.1 Feline panleukopenia virusisolate pFPV -sc Sicuan
4|_’£ MZ362883.1 Feline parvo\nrus isolate AP. Roseworthy/S4/5371/20 Astrulian

EU6591 14.1 Feline panleukoperda virus isolate FPV-8b.us 89 USA
EU659113. 1 Feline panleukoperia virus isolate FPV-8aus 89 USA

OL547733.1 Feline parvowrus strain F-D35 Sichuan
OL547731.1 Feline parvovirus strain F-C Sicluan
NIN127780.1 Feline panleukopenia virusisolate 19R8 1C/TH/2019 Thailand

64 WIN127779.1 Feline panleukopenia virus isolate 18R217C/TH/2018 Thailand
0K 384310.1 Feline panleukopenia virus isolate FPV-5D/2019/2 Shandong

0K 128325.1 Feline parvovirus strain D7 Sichuan

98 OL547737 .1 Feline parvovirus strain F-4 Sichuan

PQ227071.1 Feline panleukopenia virus strain XJ-SHZ-2 Xinjiang
———NG764510.1 Feline panlenkopenia virusisolate FPV-G Sicluan
——————K2434461 1 Feline panleukopenia virus strain FPV 1255142807 15 ltaly

&0 MW926314. 1 Feline parvovirus isolate Cat 1 UK
OM640096.1 Feline panleukopenia virus strain K 1830 Canada
4 '*

MH165481.1 Feline panlevkopenia virus strain FPV-BJ04 Beijing
INB62745.1 Feline panleukopenia virusisolate FPV/American pine marten/MAHG-3/BC 2017 Canada
97 WMIN451664.1 Canine parvovirus isolate CPV48 USA
MW650832.1 Canine parvovirus isolate NL-35-D Shanghai
D2607D 1 Canine parvovirus Japan
0\ IMF 177226.1 Canine parvovirus 2b isolate 1-99 Uruguar
MN451662 1 Canine parvovirus isolate CPV36 USA
KM457109.1 Canine parvovirus 2cisolate UY95 Uruguay
KU508693.1 Canine parvovirus 2cisolate LW Australia CPV SEFH
95 MT165693.1 Canine parvovirus strain CPV-2¢/China/SC-14/2017 Sichuan
MW311189.1 Canine parvovirus 2c strain CPV-5H2003 Shanghai
™ ,J0Q268284.1 Canine parvovirus 2b strain CPV-LZ2 Gansu
MT648206.1 Carnine parvovirus isolate CPV-, AHmasB Anhui
73 | KF676668.1 Canine parvowirus 2a strain CPV-J52 Jian,
70 MG583676.1 Canine parvovirus 2a strain CPV/CN/yal/ZUl? Sichman

5 VP2 RERRFIEEHL ST
Fig.5 Genetic evolution analysis of VP2 amino acid sequences
. A.FPV-SWUN/G1/2024 53 &#k; A. RIE FPV. TR
F4 HBEKS GenBank HE FPV/CPV-2 %4k NS| EHREBMEEN LR

Table 4 Comparison of amino acid residues in the NS1 protein of isolate with the reference strain FPV/CPV-2 in GenBank

NS1 25 1 G B e SR A A

K435 S
115 132 247
FPV JFUG R (BEE bR ) M38246 v % H
FPV EU659113 v v H
FPV A91S 01547737 v v H
FPV-SWUN/G1/2024 1 L Q
CPV-2 MN451664 % v Q
CPV-2a D26079 v A 0
CPV-2b MN451662 % \ Q
CPV-new 2a MG583676 v v Q
CPV-new 2b MT648206 % \ Q
CPV-2C KU508693 \% % Q
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NN451664.1 Canine parvovirusisolate CPV48 USA T

MW650832.1 Canine parvovirus isolate NL-35-D Shanghai

KN457109.1 Canine parvovinus 2cisolate UY95 Jiangsu

KU508693.1 Canine parvovirus 2cisolate LW Australia

D26079.1 Canine parvovirus DNA Japan

MIN451662.1 Carine parvovirusisolate CPV36 USA

MF1772 26.1 Canine parvovirus 2b isolate 1-99 Uruguay

MT165693.1 Carine parvovirus strain CPV - 2c/Ch.1refSC 14/2017 Sichuan
0

52

CPV Z&#k

76668.1 Canine parvovirus 2a strain CPV-J52 Jiangsu
MG583676.1 Canine parvovirus 2a strain CPV/CN/val /2017 Sictman
MT648206.1 Canine parvovirus isolate CPV-AHmas3 Antmi
77 1 IMW331496. 1 Feline panleukopenia virus isolate gpfe01 6parQ 1-5 Jiangsu
MZ712026.1 Feline panleukopenia viisisolate ANMPY 2020 Sichuan
WW091487.1 Feline panleukoperia virus isolate Giant panda/CD/201 8 Jilin
EF988660.1 Feline panleukopenia virus strain XJ-1 Heilongjiang
MG924893.1 Feline panleukopenia virusisolate GX01 Guang:d
M2005633 1 Feline panleukoperia virus strain HNZZ2 Heran
MZ913313.1 Feline parvovinus strain F-18 Sichuan
89 \KP280068.1 Feline panleukopenia virusisolate HRB -CS1 Heilongjiang
OR 227624 .1 Feline panleukopenia virus strain CH/YCYH/2021 Jiangx
WG764510.1 Feline panleukopenia vitusisolate FPV-G Sicluan
OR 264 206.1 Feline panleukopenia virusisolate pFPV-sc Sictman
0Q863616.1 Feline panleukopenia virus strain Y22019-024 Jiangsu
PP419033.1 Feline panleukopenia virus isolate FPV/INDIA/MZ27 India
KP769859.1 Feline panleukopenia virusisolate MG 1321 674 B elgum
£\ OM638042. 1 Feline panleukopenia virus strain ITA/2021/164-1 Italy
IN127779.1 Feline panleukopenia wirusisolate 18R217C/TH/2018 Thailand
112 ON638043.1 Feline parleukopenia virus strain EGY/2021/139-188 ltaly
61 KX000570. 1 Felmepanleukopema virus isolate HH-1/86 Jilin
1PP973493.1 Feline parvovirusisolate FPV JL 2280 Channgchun
KX434461.1 Feline panleukopenia virus strain FPV [Z5513201 1 15 Raly
L KX685354.1 Feline panlenkopenia virus strain HN-ZZ1 Henan
IMIN127780.1 Feline panleukopenia virusisolate 19R8 1C/TH/2019 Thailand
MT178243.1 Feline panleukopenia virusisolate 3Y-01/2019 Liaoning
QR 257444 .1 Feline parvovirus isolate WH 1 Hubel
OR198066.1 Feline parvovirus strain NTU/C14 8/2020 Taiwan
0Q863619.1 Feline panleukopenia wirs strain Y22019-027 Jiangsu
A FPV-SWUN/G1/2024
ANZS13314.1 Feline parvovirus strain D13 Sichuan
A MZ913315.1 Feline parvovirus strain C-F9 Sictman
59 | ANZ913316.1 Feline parvovirus strain C-F88 Sichuan
ANZ913317.1 Feline parvovirus strain C-1 Sichuan
A MZ913318.1 Feline parvovirus strain C-4 Sictman
OR921195.1 Feline panleukoperia virus isolate FPLV-CC-19-02 Jilin
74 1PQ22707 1.1 Feline panleukopenia virus strain XJ-SHZ-2 Xinjiang
0OK128325.1 Feline parvovirus sttain D7 Sichuan
MT6E14366.1 Feline parvovirus isolate HF 1 Antui
NINO08257. 1 Feline panleukopenia virusisolate MHS201 9 Fujian
OK384311.1 Feline panleukopenia virusisolate FPV-5D/2019/3 Staan®d
MW659466.1 Feline panleukopenia virus strain FPV-SH2002 Shanghai
OK128324.1 Feline parvovirus strain C-DY6 Sichuan
0OL547733.1 Feline parvovirus strain F-D35 Sichuan
0OL547737.1 Feline parvovirus strain F-4 Siclman
0Q863615.1 Feline panleukopenia virus strain Y220 18-023 Jiangsu
KX434462.1 Feline panleukopenia virus strain FPV [Z55142807 15 Italy
— T NHI165431.1 Feline panleukopenia virus strain FPY-BJ04 B eijing
MW926316.1 Feline parvovirus isolate Cat 3 UK
75 | MW0926314.1 Feline parvovirus isolate Cat 1 UK
OM640096.1 Feline panleukopetia virus strain K 1830 Canada
IWINB62745.1 Feline panleukopenia virus isolate FPV/American pine martenNMAHG-3/BC 2017 Carada
MF069446.1 Feline panleukopenia virus strain FPV/Raccoon/RC9/BC 2010 Carada
53 \EU659111.1 Feline panleukoperia virus isolate FVP-3.us 67 USA
WM38246.1 Feline panleukopenia virus US4 FPV SE#H
PP336908.1 Feline parleukopenia virus isolate CVASU/BD/S50 Bangladesh
EUG59113.1 Feline panleukopetia virus isolate FPV-8aus 89 USA
EUG59114.1 Feline panleukoperia virus isolate FPV-8b.us 89 USA
86 IN2362883. 1 Feline parvovinsisolate AP. Roseworthy/SA/537 1/20 Astrulian
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Fig. 6 Genetic evolution analysis of NS1 amino acid sequences
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