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Abstract: The aim of this study was to establish a rapid method for constructing infectious clones
of porcine circovirus type 2 (PCV2). In this study, we constructed circular infectious clones of
PCV2 by seamless cloning technology, using the clinically isolated strain PCV2-LX as a template.
Meanwhile, this method was compared with the conventional restriction-ligation approach,
focusing on the in vitro circularization (self-ligation) process of the genome and the growth
characteristics of rescued viruses. The results showed that this method eliminates the need to
analyze and introduce restriction endonuclease sites, thus avoiding the complexities associated
with traditional restriction enzyme-based cloning steps. It offers a simple and rapid operation,
enabling more efficient editing of the PCV2 genome. The infectious clones constructed using this
method could be successfully rescued through liposome transfection, resulting in the production
of recombinant viruses that could be stably passaged. Moreover, the recombinant viruses rescued
by this method exhibited enhanced proliferative capacity in PK-15 cells and 3D4/31 cells
(immortalized porcine alveolar macrophages). In conclusion, this study has established a novel
reverse genetics system for PCV2, providing a new strategy for the development of PCV2 genetic
engineering vaccines. Additionally, it serves as a reference for the construction of infectious
clones for other emerging circoviruses such as PCV3 and PCV4.
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1 1.2% B NE R e i A, el
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1.3 PCV2 IRIK B 52 PE RO # 32
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WATLARIY PCV2 ZeMEILR A . (i Joas we
150 & H %) Exnase 11 i (JCAE ol 5 40 )X 7%
4 15 bp [EE 51 (19 PCV2 2eP J5 PR 20 AT 441
AN, RVAKRRZ UL . SO 461
37°C, 15-30 min; 4 °C, 5 min (PCR {Y¥5iR).
PAF PRI A% FL [ 4H DNA i i PCR =¥y 4
R & AT Al A, AT -20 °CA . 1 IR
N DNA B8k 400 ng, #lEEYLTER, WK
SR FR o

W LB % B 1 R PR DL E 1B, LA pEasy-
Blount-LX “WAi#k, PCR e IAR &M F
2 T BN RS1Y)(T4 PCV2-F/R) LR 1.
PCR ¥ Wi 4R &7 EcoR I FHIN &5 %) PCV2
RAPESLR A . R R [l R & kAR At i
PCV2 LA B . 7724 EcoR 137 °CRigYl i
W, FRRIEATIRE I 2lifh o slifb ¥4 T4 DNA
AL 16 CHEIENH, mAMH PCR Y4k
AR B AR AT 2l Ak i PR XU SE R 24 DNA, fi%
EF—20°CH .

Table 1  Sequences of primers for PCV2 circular infectious clone construction and identification

Primer name Primer sequence (5'—3") Product size (bp)
Linear PCV2-F GAATTCAACCTTAACCTTTCTTAT 1767

Linear PCV2-R TGGCCCTGCTCCCCGAT

Circular PCV2-F GAATTCAACCTTAACCTTTCTTATTCTGT 1782

Circular PCV2-R GTTAAGGTTGAATTCTGGCCCTGCTCCCCGAT

T4 PCV2-F GAATTCAACCTTAACCTTTCTTAT 1775

T4 PCV2-R CGIGAATTCTGGCCCTGCTCCCCGAT

Verify-F GAGAAGGGCTGGGTTATGGTATGG 447

Verify-R GCGTTTCCGCAGACGAAGACA

The box is the restriction site carried by each primer. GAATTC: EcoR 1.
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Figure 1

B Linear genome of PCV2

‘ PCV2 cyclized genome ’

Construction strategy of PCV2 circular infectious clone. A: Schematic illustration of constructing

PCV2 circular infectious clone by seamless cloning technology. B: Schematic illustration of constructing
PCV2 circular infectious clone by conventional restriction-ligation approach.
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# F Olympus 23 ] IX81 #¢ Y6 f518 i s,
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Linear genome of PCV2 Exnase 11
— or

T4 DNA ligase
B

Linear genome of PCV2

2 PCV2IRRBRMTEMETERR
Figure 2

Nco 1

Nco 1

Identification strategy of PCV2 circular infectious clone. A: Schematic illustration of identification

of PCV2 circular infectious clone by restriction endonuclease Nco I. B: Schematic illustration of identification

of PCV2 circular infectious clone by PCR amplification.
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1% PCV2-LX PRI PRI O . H FLBGU 3%
D VA R AL R o B, S T4
PCV2-F/R % PCR ¥ #4155 2 1~ EcoR 1 /i
YIf7 s i) PCV2 R IEHAL, A BER/NS Tl

bp M 1 2

e

E 3 PCV2 IR BN 52 bE L AR R B9 A 22
Figure 3 Construction of linear template of PCV2
circular infectious clone. 1: Amplification result of
linear template using circular PCV2-F/R primer; 2:
Amplification result of linear template using T4
PCV2-F/R; M: Trans 2K DNA Marker.
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Figure 4
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SER—3(& 3 7k 2). Z 5 EcoR 1 Y]
JEffiH T4 DNA 4R TIRSN A 545, dlifk
Je ARAT PR R G : T R
22 IRREREMRIENERE

PCV2 FfR IR e M o [ R A E i 1 4 1
PRUZH Fr B R BR il 1 A D Neo T 547 D) %6 7€ o
2 POk PCV2 BRI M va e 35 AT I
1SR BT, RSN B T i St R 4 ]
UL 2 AN F B (K] 4A). fdi ] verify-F/R 514
X2 Ty e g ) PRIV s R A T M
UK, FBAR/NS R —2(E 4B), DL
GEIRFW, 2 B B b i PCV2 PRI
PEvRE .
23 HEFSHRIMRIRETE

Wi 2 FhOTEER R PCV2 FORE YL va
[ g% PK-15 AR T 4 k8. 72h J5
AT TFA K, S5R39 UL PCV2 JBGL 1y 9t
FRPEAH ML 5A). H5 AT Bk g PR R G 1 e
B ik T AR A ) B AR BE A 44 CZ-LX, W LG

4 B p M 1 2

2 000
1 000

Identification of PCV2 circular infectious clone. A: PCV2 circular infectious clone digestion with

Nco L. 1: Circular infectious clone self-ligated by Exnase II were digested with Nco I; 2: Linear template
before self-ligation with Exnase Il were digested with Nco I; 3: Circular infectious clone self-ligated by T4
DNA ligase were digested with Nco I; 4: Linear template before self-ligation with T4 DNA ligase were
digested with Nco I; M: Trans 2K DNA marker. B: Identification of PCV2 circular infectious clone with
specific primer verify-F/R. 1: Amplification result of circular infectious clone self-ligated by Exnase II; 2:
Amplification result of circular infectious clone self-ligated by T4 DNA ligase; M: Trans 2K DNA Marker.
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M()Ck... ..
C7 LX..

Linear genome of PCV2 (5'—3")

T4-LX

EcoR 1 EcoR 1
gcagggccagaattcaaccttaaCI gcagggccagaattcaaccttaaCr
cgtcccggtcttaagttggaattgu cgtcccggtcttaagmtggaattgw

; ‘ 105 s ‘ ; ‘ . 105 ‘
Cys Pro Trp Phe Glu Val Lys Val Cys Pro Trp Phe Glu Val Lys Val
<+— PCV2 LX capsid protein +— PCV2 LX capsid protein
gcagggccagaattcaaccttaac: gcagggccagaattcaaccttaac
GCAGGGCCAGAATTCAACCTTAAC! .GCAGGGCCAGAATTCAACCTTAAC
/\Mﬁ/\/\ﬂm

CZ-LX T4-LX

Bl 5 =E=FESH CZ-LX 1 T4-LX IETE

Figure 5 Identification of recombinant virus CZ-LX and T4-LX. A: Proliferation of CZ-LX and T4-LX in
PK-15 cells examined by IFA. PCV2-infected cells immunostained with anti-Cap (green) monoclonal
antibody. Representative fluorescence images are shown. B: Sequencing chromatogram of rescued CZ-LX
and T4 LX at self-ligation sites.
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[FS)

1 1 1 1
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TCIDs B . ALK BE CZ-LX H55 /K F-7E 36 hpi
T, I TCIDso A BLB ] 25 2 J5 3 5 2
F T4-LX. 3 ¥k PCV2 B9 554 B ¥ 7 YL 5
24 72 h JE VT E (1 6A). 7E 3D4/31 i,
2 PREAF A KL B0 SRR
WT-LX L. FAPEEM 2 bkE AN
36-48 hpi PR IEFH, JRYLSS 60 h K FF-5H,
A EE CZ-LX 7RG 24 hJ5, & EFA) g
M5 i TCIDso Y97 F T4-LX, $E512E 36 hpi
M1 60 hpi, fA7EREME2ER (A 6B), LI g5
#W, S5EHARKEE T4-LX M, CZ-LX 1E PK-15
YN 3D4/31 A b i BE RS G e T 5R

3 Wik

Ilfi K PCVAD 22k PCV2 F1 H At 5 A9 TR &
YL, R PCV2 B R, MELIR
el e EE R B I AL 2 R RE
PoixX —MER, PCV2 B Y v [ i A EE SR s =
S L DU DR 2 H 2 ORE . OWLEE DL 4] EE
LTRSS [ 3T BRI H 4] 3 Fhl24,

B 6 o CZ.LX 3D4/31

= WT-LX
5t T4-LX

log,, (TCID4,/mL)
W

0 12 24 36 48 60 72

Hours post-infection

6 EXFZWT-LX)FIERRFH(CZ-LX F T4-LX)BY RS 451

Figure 6 Growth characteristics of wild-type and recombinant virus in vitro. The PK-15 cells or 3D4/31
cells were individually infected with the viruses at the indicated times for titration of virus growth shown as
TCIDsg. A: One-step growth curves of the wild-type PCV2 (WT-LX) and recombinant virus (CZ-LX and
T4-LX) in PK-15 cells. B: One-step growth curves of the WT-LX, CZ-LX and T4-LX in 3D4/31 cells. Charts
of panel A and B are mean+SD of three independent experiments. In panels A and B, the P value above the
horizontal lines resulted from comparison between CZ-LX and T4-LX. *: P<0.05.
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