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Construction and application of reverse genetic system for feline calicivirus

YU Wen', SUN Huimin®, FANG Chenjie*, SONG Jiasheng’* , BAO Endong'*
(1. College of Veterinary Medicine, Nanjing Agricultural University, Nanjing 210095, China;
2. Zhejiang Difference Biotechnology Co., Ltd., Hangzhou 310000, China)

Abstract; In order to construct a candidate strain for attenuated feline calicivirus (FCV) vaccine, genomic RNA was extracted from the
prevalent FCV strain FCV-HZ-DF-19 in Hangzhou. The entire FCV genome was amplified in three segments using RT-PCR technology.
The full-length genome was cloned into a PCI vector containing hammerhead ribozyme (HamRz) and hepatitis D ribozyme (HdvRz) through
homologous recombination, and the intermediate plasmid pPCI-FCV was obtained. Using pPCI-FCV as a template, the product FCV-H con-
taining the entire genome of HamRz, HdvRz, and FCV was amplified, and connected to a BAC vector to obtain a cloned pBAC-FCV contai-
ning the entire genome of FCV. Then, pBAC-FCV was transfected into cat kidney cell F81 for continuous passage in order to harvest the vi-
rus. Deletion of LC genes related to FCV virulence, acquisition of infectious clone pPBAC-FCV- A LC, and virus rescue were performed by
transfecting cat kidney cell lines expressing the FCV-VP1 protein. The results showed that the rescued strain rBAC-FCV and the LC gene
deficient strain rBAC-FCV~- A LC could both cause cellular lesions. The sequencing results showed that the gene sequence of the rescued
strain was indeed consistent with the parent strain FCV-HZ-DF-19, and its growth curve was similar to that of the parent strain. However,
the growth of the gene deficient strain was slower than that of the parent strain, and the size of the generated plaque was significantly smaller
than that of the parent strain, which indicated a decrease in virus virulence after the LC gene was deleted. The above results suggested that
the reverse genetic system of FCV was successfully constructed in this study, and a gene deficient attenuated strain was constructed; which
laid the foundation for the development of attenuated vaccines and the study of the biological characteristics of FCV in the future.
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MtIRIGFE  (feline calicivirus, FCV) J& TR
R, KRR E AR R, LR R A
(RAERL S, B I 2 B0 A I A IR 328 11 P 35
B, GEIE R ORUI 4 %52 FCV YL S Y K AR
fm, (HBET AR, Ak, FofoE el ma gL s
BYERER AR SRR, B FOV SRR T T S 28U
A B PESRE SN . PR R HICHE 100 A5 PN R I R 1 B
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FCV BB IE 4% RNA 7%, HRHA KN
7.7 kb, 5w SRR RN (VPg) MHiE, 37 im
ZRMBAFERRAL T, H A 3 A I B B AE
(ORF), Z+%1% ORF1, ORF2 #il ORF3, H:1 ORFI
G FESENAY, ORF2 RILKEEN, St
IKAE G TE USRI ASE 1 (VPL) R SEEE TR
(LC), LC S5¥5daE 1A ", ORF3 4% FCV
FEA M VP2 1, VP2 B 5 0% 5 Y A A
M,

HET FCV YL (9 Fil B 2 BARSERE T /0, th T
FCV /E RNA i, Hast Gk bR s, (UEEm
—MRE R MRARMEXT FCV 77 A= A TH A 2 -3, it
SREEYE FOV IR E R Ml SFEs s HE
B XY FOV B B R N T AR, kA
WA BRI R A AR G 7 AOR AP R Sl ) 4
BV AR R R A R, o FOV LR
JF 3[R HEZH 2 PCI A BAC #4AH , HJEE pPCI-FCV
FpBAC -FCV JFikr, 564 F81 40 L J5 & B i i 25
rPCI-FCV F1 tBAC-FCV, ZJ57E pBAC-FCV [ 5L Al}
EXFERSY LC BER HEATER SR ) JFAE F81-VP1 il I3k
4 1C H B EE (BAC-FCV-ALC, WEMTiZEErE
PRI FEM:, ik —D W58 FCV I 2L 0 |
o L B P4 ) RE LA SR 7R ) I A BE
S

1 RS

1.1 {38 A 48R R ik

FCV HUMHATHE (FCV-HZ-DF-19), #fi'5 41
(F81, F81-VP1 4iiffil) , M TORL PCT FIZTR A T3
AR (BAC), ¥y #iriL i fm i 22 A YR A TR H
Txaeﬁji; Uniclone One Step Seamless Cloning Kit HZ
Efficom Stbl3 Chemically Competent Cell /8% 5Z 25 4H il ,
Wy H 41495 PrimeSTAR HS £ H PCR i, 2x
Rapid Taq Master Mix, DL2000 DNA Marker, DL5000
DNA Marker, HiScript II One Step RT-PCR Kit, i)
H i ME R A W) B A BR A W] 2 x T8 High — Fidelity
Master Mix W H #ERL A= YIRS A FRA 7 5 38 38 B
JNEWEEERE DNA [R5 & B RAR A AL RHEA BRA

F]; Plassmid Maxi Kit i{7] & W B Qiagen; #% Y ik |
Lipofectamine 2000 14 H Invitrogen; #% g $#& il 7] &
E.Z.N. A Viral RNA Kit 14 570 ® 749 TR A R
AN RS SRR A A AR R
ABRA W, 4% 2 B W B E W W A Phygene
Scientific,,
L2 S|¥MiRit5am

%% GenBank HESEIY FCV 2 FEHIEIH519),
I ER R R A BRA R T B, 5IE
BNk 1 iR,

&1 5|95

EILZER S 519F5 (5'-3")

FCV-HZ-DF-19-F1 GTAAAAGAAATTGGAGACAATG

FCV-PDI-1-R  CGGCTCCACGCTTTGCAAGGCAG

FCV-PDI-2-F  CAAAGCGTGGAGCCGAGTGTTG

FCV-PD1-2-R  GTGGTGTACGCCTTTGGTTTCCAC
FCV-PD2-F AAAGGCGTACACCACAACATCTG
FCV-PD2-R CCCTGGGGTTAGGCGCTAAAAGCG

PD-Ham-HDV-F TGTTAAGCGTCTGATGAGTCCGTG
PD-Ham-HDV-R TCATGTCTGCTCGCCAAAAAACCCCTCAAG

GGCGAGCAGACATGATAAGATACATTGATGAG-
ZT-PCI-GZ-F

TTTG
ATCAGACGCTTAACACCTATAGTGAGTCGTATT-
ZT-PCI-GZ-R
AATTTCG
ZT-YJ-F CGCCTAACCCCAGGGGGTCGGCATGGCATCTCC
TCCAATTTCTTTTACGACTATAGGAATTCCTTTC-
ZT-Y]J-R
CTATAG
ZT-BAC-F GGCCGGCATGGTCCCAGCCTCCTCG
ZT-BAC-R CCCTATAGTGAGTCGTATTAATG
CGAAGTTTGAGCATGGCTGATGATGGCTCCATC-
ZT-ALC-F
ACCAC
ZT-ALC-R CATGCTCAAACTTCGAACACATCACAG
FCV-FI-R TCAGCCATAACCAGCAAACTTG
FCV-F2-F GTCTACTCAGTCTCACCCTG
FCV-F2-R CACCGGCTTCTATGACAAATTG
FCV-F2-R TCATAGAAGCCGGTGATAATTG
FCV-F3-F CACCGGCTTCTATGACAAATTG
FCV-F3-R CAGGGGGTCCTGTTAGGATG
FCV-F4-F CCTGATGTCTACACTGGATG
FCV-F4-R CGGCTCCACGCTTTGCAAGGCAG
YZ-LC-F ATGCAAGTCAACATGGTGTG
YZ-LC-R ATGCTCAAGGTAGGGGTTGAG

1.3 FCV &EREARLMERENME
PLHUEE bR FCV-HZ-DF-19 B RNA, M5B9
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FCV-HZ-DF-F19-F1/FCV-PD1-1-R, FCV-PDI -
2-F/FCV-PDI1-2-R #l FCV-PD2-F/FCV-PD2-R i
17 RT-PCR ¥4, 3K1%/=% PD1-1, PD1-2 Hl PD2,
5% PD-Ham-HDV -F/PD-Ham-HDV-R " 3%
A HamRz F1 HdvRz b Bt (%) & B3 315 72 9 PD3,
FIHGIH ZT-PCl1-GZ-F/ZT-PCI-GZ-R ¥"#% PCI #
i, K =4 pD3 [RIE 4l =4k PCI #ikd, K18
WU AR IR A 4428 PCL

514 ZT-YJ-F/ZT-Y]-R ¥ B4k PCl’, K7~
¥ PD1-1. PD1-2 H1 PD2 [alJE H 2 & PCI' ik,
34T W Ad A AL B AE v Be HamRz Fil HdvRz H1 ],
AAF ] FUkL pPCL —FCV,, LA pPCI' —=FCV A RIAR,
514 BAC-FCV-F/BAC-FCV-R #17 PCR ¥ 143575
PRI FCV-H, FCV-H F B FCV &K IEH 4
HamRz 1 HdvRz Jy B, H51%) ZT-BAC-FCV-F/ZT~
BAC-FCV-R, ¥3% BAC #ARMIIHZNEA, HRIHE
MK FCV-H Fl BAC #ARI 17158, RAESH
FCV 43 R 41 B e M v B JBORE pBAC-FCV, 51¥ %
FITENLR 1,
1.4 FCV SEHEREMRR

VEPESE EE R A LC B E AT EL G, DA
pBAC-FCV M, F5I¥) ZT-ALC-F/ZT-ALC-R
HATERMEARY 3, RS o3 B AE B R Y
Ui, FRAFFEY) FCV-ALC, 2t fb iy FCV-ALC i
174, 1533 LC B HE BTk pBAC-FCV-ALC,,
1.5 RmEEM

iz IR Invitrogen Lipofectamine 2000 e YL 591 1 IH ,
1 4 pg pBAC-FCV YL 3| K % B 2 4 80% 1) F81
A |, pBAC-FCV-ALC JF R 43 51 %% 4L ] F81 I
F81-VP1 Z0figrf, & T 37 C. 5% CO,HEEh i,
ZIEHATHMALEA (B2 d IR 1R, AR
TR BERT R A WS A AR A (CPE), 4
{HEL CPE BHSCHRIR 75 .
1.6 EHEEHNETE

PEROKCER ()95 7 RNA, HZ& 1 514 FCV -
HZ-DF-19-F1/FCV-F1-R, FCV-F2-F/FCV-F2-R ,
FCV-F3-F/FCV-F3-R Fl FCV-F4-F/FCV-F4-R %}
F81 4iJifg &K 1) rBAC-FCV #E4T RT-PCR §" 3,
ARSI S A FOV 2R A MG, 51y
YZ-LC-F/YZ-LC-R X} % [t 2% 3 pBAC-FCV-ALC
AT RT-PCR ¥ 34 LA BIERG 75 1 LC B3k PR 2 A5 Bk
&, $ RT-PCR = ¥3% 4 MER A BB A7 BR A =)t
inll)5
1.7 FCV EASMEYZSFEST
1.7.1 #B:kFE5FRFEKRIAFIE

W SR AR T RN PR RO e IR L (MOL)

0.01 YA K% B2 80% 1y F81 4, & T
37 C . 5% CO BT, JrlfEiRge s 24, 48,
72 F196 h ok, RSB G EZ D E 3 Ik, L
o5 75 SRR YL T TR] A R AR A | A ] s [ 5 ZH 2L 2
YL (TCIDy, ) MU M 245, F GraphPad
Prism AP hil e aE AR K h 2,

1.7.2 #k FHERAETHIEIE

FER B R A K R AR F81 4R |, 48 h
S DA ARG AR, 4 R ST A A JE W 7 O
FERDFEHAY F81 4L I, EZAL A 5 W5 $E Uik 7
RNA J:H51% YZ-LC-F/YZ-LC-R #£47 RT-PCR
ISE,

1.7.3 %k Awhedst i &K%

TERTA F81 40 MY 6 FL 20 M 1% 3% M+ 352 I8 500
TCID,/mL (157 5t 73 4% Fh K A8 FCV-HZ-DF-19 |
YRR B (BAC-FCV HIJE A Bl 2 9% 8 rBAC - FCV -
ALC, 5 h JFFEREFRBI A 1.5 mL 1% %45 55 55
JEWE, TEREIRMR B G ST 5% CO, Mg,
ZJE % 24 h 7E BB T AR EBE AN, R B R
INATRAEAGSS , AR EE LT INA 1 mL 2R H
BESEATIE G, #0830 min 5, FEIDA 1 mL B2
Peak S gL @R, TE 20 min 5 /N0 B RUBIE B EE
e, 7K 5 Uk 22 W6 3R 17 AT S L ¢ 7 A s B Wk BRE 1Y)
KN,

2 #R

2.1 FCVE&EFAARPERENEE

P pBAC-FCV Bk AR , H514) FCV-HZ-
DF-19-F1/FCV-PD1-1-R., FCV-PD1-2-F/FCV -
PD1-2-R Il FCV-PD3-F/FCV-PD3-R #47 PCR %
UE, 253k 1925, 1630 fil4 162 bp K/N&A, 5
TUHIZE ST . 525 R s 5 AR Bk B SE R 7
GIl—F, WIS FCV 43 P 4L ) g 4
BpiRE pBAC-FCV (K1),

M. DL5000 DNA Marker; 1. 5|#%f FCV-HZ-DF-19-F1/FCV -
PD1-1-R 4§ PCR 7=#1; 2. 51¥%f FCV-PD1-2-F/FCV-PD1-2-R
PCR 7=4¥); 3. BI¥%t FCV-PD3-F/FCV-PD3-R [y PCR /¥,

B 1 B4 pBAC-FCV B PCR iE



- 110 - Animal Husbandry & Veterinary Medicine 2024 Vol. 56 No. 5

2.2 FCV EHEREMER

Pl pBAC-FCV-ALC STk AR, FH5IMX YZ-
LC-F/YZ-LC-R #417 PCR Bk, K455 Wil 451 bp
FAA—E 5, PR BR LC HaRkET &
Besde, mEhM R FCV A LC JEDR Bl il R e itk v b
pBAC-FCV-ALC (K 2),
2.3 FEEHK

PR BB pBAC-FCV %5 % F81 4ifify, Z:4%
RIGT=A W A CPE, EZRINAMMBLE, i
S8 A% [ 4, 3R AR U A HROIR i TR R 2R Y B R
pBAC-FCV-ALC [A] i %% % F81 1 F81-VP1 4 il &
Jo, SRR, YRR FS1-VP1 4 Y40 i a]
23| CPE, #5YL & F81 HEALAY 7 G AR W 2 5

CPE, XRE4Ar=4: CPE (K 3),

M. DL2000 DNA Marker; 1. 5[#%F YZ-LC-F/YZ-LC-R ¥ PCR
a7/

2 JHI pBAC-FCV-ALC #J PCR I&iE

A. pBAC-FCV ¥%4e4iit; B. 1IEH F81 41M; C. pBAC-FCV-ALC #4L40jifd; D. IEH F81-VP1 4,

3 EREmEHERRE

2.4 ERURFHEIE

FLHL rBAC -FCV 1y RNA #£47 RT-PCR i,
BAC-FCV ¥ 45 #545 435 . 581, 547 F1549 bp 4%
W, SHIA/N—3, H RT-PCR ;=4 5 ¥ 45
SRARRRIT ] — B, MR &R FCV A A
H IG5 rBBAC-FCV
2.5 FRENEYESEST
2.5.1 EKFHHFri

JATE FCV-HZ-DF-19, $#k¥(# BAC-FCV FlI

FEH B2 7 tBAC-FCV-ALC 78 F81 41 i v 3 5 45
WS 7R, ASE) B B) A 04 9 2500 2E K i 46 B
PRI S FCV 2L R4 5990 5 1BAC-FCV B4 K
G SRR BRI AR — 3K, (R RETH B LU R AN B
i, LB FERE BAC-FCV-ALC 7ER 3R AT 48 h
HAERKKB NGNS, BB, $REEE R B0
GRS R E T2 h Z 5 THRaE .,

M. DL2000 DNA Marker; 1. 5#%f FCV-HZ-DF-19-F1/FCV-F1-R ) PCR /=4#J; 2. 5|¥%t FCV-F2-F/FCV-F2-R ¥ PCR ;=4#J; 3. 5|¥%t

FCV-F3-F/FCV-F3-R; 4. 5|#%} FCV-F4-F/FCV-F4-R i PCR /=¥,

B 4 rBAC-FCV i RT-PCR I&iE
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154 -e- FCV-HZ-DF-19
-& rBAC-FCV
—— rBAC-FCV-ALC

(=]

#E B /(g TCID,, + mL™)
A

24 48 72 9%
Y )5 B 1B /h

5 FCVEABHRSERBBERERINFLE

2.5.2 HARFUERBITREIE

rBAC-FCV-ALC k5 % £ i 22151, $RBUEAR
JRREA) RNA #5147 RT-PCR BiE, Lk 4 Won 3k s
5 BRI E R (451 bp) (B 6), MF4s
RS I —3, ULIIA R PR K T A X FRE 1Y
LC R R IR B

M. DL2000 DNA Marker; 1. 55 148; 2. 55218, 3. 55 3 4%, 4. %5 4
R 5. 85X,

6 rBAC-FCV-ALC &XH) RT-PCR i

2.5.3 JREMEREE

B EAR TR FCV-HZ-DF - 19, $& (7% BAC -
FCV L 2k % 1BAC-FCV —ALC #E17 W B e (4,
455 R FCV-DF019 1 rBAC-FCV =4 iy BEH K /N
FEARMY | (HRILR B (BAC-FCV-ALC P24 Ay
WEBE R/ NI /N TR AR RR AR R B bk (&1 7)), &
B LC SER R B s T 95 5 ) SR TRl FIAR 28

A C

A. FCV-HZ-DF-19; B. rBAC-FCV; C. rBAC-FCV-AL,

B7 FRASKRSERMSHKEHRRE

FUR, B P T IE TE P o SR YL i B

PIRZCO RIS, PEH 2 0 KIERE R A B IR 1, 2L
BRI A2 i B A e, S v i bk e A 2
Wi KEE, BEMREAE] 238 LR M5
BRI, BRI, FCV LR 4 5 HAT 5 B I i AL AR 57
PE, OSSR o LR B X 20 B
HYAS S o I T [ 382 4% 27 F R AT LURE SE H X FCV 1Y
SER AT A | SR Sl ARRAE, NI R AT R
B PERUR AN ZE PR = (B T FOV S B 44E T 0T e
AT E R R R B B vBAC-FCV -ALC Y32
i, 7E F81 A S AL A 7 AR ML 3] CPE,
MTESL Y F81-VP1 4 ff I v] LI 5] CPE, FCV -
VP1 4 2 AT DL SRR ORF2 (LA 51, SiE I 7E
PRR LC BER B i s A b, 3l Ao 40 R e SRR
Fenl AP Bh PR RO B, PRERLH 9 S PR Rk B rBAC -
FCV-ALC JE&%: F81 A n W22 E| CPE M=, H&
FEHE CPE (R RIFIRR EE YR K & FCV 2 LRI 41 1)
PRRCGEREATE, Ui RMEIE BB A 1R 28 i dE kL
T, LC SR AR KRR E B2 T 9 3 1R 28 1 fn
EHEES, SIRER LC S A AR As A T AT
G0 FCV VB Jo 28 B9 75 5 221 Bh 41 i 3% 1fi A2 1k 4y
TR SEBUR R M A ZEA , T 5 2 R R AE A EAEH
M2 ko R SR S e S . N RARIR
FEE NSk, AR ERN, EEHH
T A (fJAM-A) J& FCV RYLAIM P L2519, 1 VP1
T Y R HEAS AL 255 N BE Y ZH A F S fJAM-A Y AH
AU HEM LC A BIAFAE AT RESZ IR VP Ak 3k
PIEA, SEURHERZIINZ, Wi, LC SR
RS AR AR BEEAE A, PR ) 20 i 2R R A A
A~ ORF2 751, ATysie Xt 4 iy smg , B an it Fe1-
VP A A 7E 5 TSR %38 81 41 R 4n K,
WHEZ A CHI M, AR R, LC A F T RS
PRI SRR 35 Qs 1 e A0 b R R R PR
LC FBAFa B A0 A et I B0 2 1T AR RN
i — D5 FH BRI e R AR A 3 52 i R e T s
BRIE SR LC P B LA ARIR 95 25 R B AR 1A
HMESE, R —PRR,

SE

[1] OKA T, TAKAGI H, TOHYA Y. Development of a novel single
step reverse genetics system for feline calicivirus [J]. J Virol Meth-
ods, 2014, 207. 178-181.

[2]  SPIRI A M. An update on feline calicivirus [ J]. Schweiz Arch Tier-
heilkd, 2022, 164 (3). 225-241.

[3] URBAN C, LUTTERMANN C. Major capsid protein synthesis from
the genomic RNA of feline calicivirus [ J]. J Virol, 2020, 94
(15): e00280-20.



<112 -

Animal Husbandry & Veterinary Medicine

2024 Vol. 56 No.5

[4]

[10]

[11]

HOWARD M J, COELEN R J, MACKENZIE ] S. Detection of im-
mobilised murray valley encephalitis virus RNA using oligonucleotide
probes with varying degrees of mismatch [ J]. J Virol Methods,
1991, 34 (3):. 333-341.

RADFORD A D, DAWSON S, RYVAR R, et al. High genetic di-
versity of the immunodominant region of the feline calicivirus capsid
gene in endemically infected cat colonies [ J]. Virus Genes, 2003,
27 (2): 145-155.

RADFORD A D, COYNE K P, DAWSON S, et al. Feline calici-
virus [J]. Vet Res, 2007, 38 (2):. 319-335.

RONG S, LOWERY D, FLOYD-HAWKINS K, et al. Character-
ization of an avirulent FCV strain with a broad serum cross—neutral-
ization profile and protection against challenge of a highly virulent vs
feline calicivirus [ J]. Virus Res, 2014, 188: 60-67.

MAO J, YE S, DENG J, et al. Feline calicivirus P39 inhibits in-
nate immune responses by autophagic degradation of retinoic acid in-
ducible gene I [J]. Int J Mol Sci, 2023, 24 (6): 5254.
CHENG J, TANG A, CHEN J, et al. PseudoRHDV constructed
with feline calicivirus genome as vector has the characteristics of well
proliferation in vitro [ J]. J Virol Methods, 2022, 307, 114572.
ABENTE E J, SOSNOVTSEV S V, SANDOVAL-JAIME C, et al.
The feline calicivirus leader of the capsid protein is associated with
cytopathic effect [J]. J Virol, 2013, 87 (6): 3003-3017.
PENAFLOR-TELLEZ Y, CHAVEZ-MUNGUIA B, LAGUNES-
GUILLEN A, et al. The feline calicivirus leader of the capsid

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

protein has the functional characteristics of a viroporin [ J ].
Viruses, 2022, 14 (3). 635.

SOSNOVTSEV S V, BELLIOT G, CHANG K O, et al. Feline cali-
civirus VP2 is essential for the production of infectious virions [ J].
J Virol, 2005, 79 (7). 4012-4024.

M, Bk, REEE, % MR EE 2280 BRI 1588 R 5E
MR [J]. tPEBPE R, 2017, 39 (1): 20-23.
X6, S, XUERT, SF. S Ly AT s [T].
T E AP 2R, 2005 (2) : 168-170.

F—NG 5 BRA B S TE BOw P S B S Y L AE Y [ D]
K. BRI, 2017,

YANG Y, LIU Z, CHEN M, et al. Classification of genotypes
based on the VP1 gene of feline calicivirus and study of cross—pro-
tection between different genotypes [ J]. Front Microbiol, 2023,
14 1226877.

ABENTE E J, SOSNOVTSEV S V, SANDOVAL-JAIME C, et al.
The feline calicivirus leader of the capsid protein is associated with
cytopathic effect [J]. J Virol, 2013, 87 (6): 3003-3017.

LU Z, LEDGERWOOD E D, HINCHMAN M M, et al. Conserved
surface residues on the feline calicivirus capsid are essential for in-
teraction with its receptor feline junctional adhesion molecule A
(fJAM=A) [J]. ] Virol, 2018, 92 (8): e00035-18.

CHANG K O, GEORGE D W, PATTON J B, et al. Leader of the
capsid protein in feline calicivirus promotes replication of norwalk vi-

rus in cell culture [J]. J Virol, 2008, 82 (19): 9306-9317.



