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Porcine parvovirus (PPV) is one of the major pathogens that bring about reproductive failure of pregnant sows.
However, the study of the pathogenesis mechanism is circumscribed due to the lack of efficient genetic ma-
nipulation method. Infectious clone is a powerful tool for further studying the genetic mechanisms of PPV. In the
present study, the gene fragment (157-4812) of PPV was amplified by PPV China isolate strain as a template,
and PPV DNA fragments (1-182) forming Y-structure within in 5’ end and (4788-5074) forming U-structure in 3’
end were synthesized. And then, the above three fragments were inserted into plasmid pKQLL to congregate a
PPV full-length recombinant plasmid by means of In-Fusion cloning technology. After the successful sequencing
identification of the recombinant plasmid, the EcoR I restriction site was brought out as a genetic marker by
nonsense mutation (A3058 T) to produce plasmid Y-PPV, which was transfected into PK-15 cells for rescue of
virus. The rescued viral particles were observed under transmission electron microscopy, and the sequencing
analysis showed that Y-PPV could stably carry the genetic marker. It could be seen that Y-PPV has similar
replicate capability and pathogenicity as the wild-type parental PPV strain by cellular and animal experiments.
These results confirmed that Y-PPV maintain similar biological characteristics with wild-type parental PPV
strain. Infectious clone could be a valuable tool for studying the individual genes of PPV and applications in gene
deletion or live vector vaccines.

1. Introduction activate host innate immunity, and inhibit the exogenous type I inter-

feron signaling (Wu et al., 2016). NS2 protein can interact with nuclear

Porcine Parvovirus (PPV) is a pathogen that can lead to re-
productive failure in swine, characterized by embryonic resorption,
abortion and stillbirths (Zhou et al., 2017). So far, vaccination has been
widely used to prevent PPV infection, but the spread of the disease is
not checked completely (Jozwik et al., 2009).

Porcine Parvovirus is a small non-enveloped virus with single
stranded linear DNA genomes which is about 5kb length (Lin et al.,
2013). The genome is flanked by inverted terminal repeats (ITRs) se-
quence, which are necessary to form a palindromic hairpin structure as
the replication origin of Parvovirus (Wang et al., 2016). The genome of
PPV contains two major open reading frames, ORF1 and ORF2; the
ORF1 encoded nonstructural protein NS1, NS2 and NS3. NS1 is the
most major non-structural protein and plays a vital role in viral re-
plication, with nuclease, helicase, and gene transactivation activities. In
addition, NS1 protein can induce cell cycle arrest (Xu et al., 2017),
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export factor (CRM1), which is required for efficient nuclear egress of
progeny viral (Bodendorf et al., 1999; Eichwald et al., 2002). NS3 is the
smallest non-structural protein, which is involved in viral replication
and production of progeny virus (Huang et al., 2014). The ORF2 en-
codes capsid proteins VP1 and VP2, VP2 is further cleaved into VP3 in
the endosomes, which is considered to produce the necessary space for
the VP1 N terminus externalization (Farr et al., 2006; Ros et al., 2002;
Sanchez-Martinez et al., 2012). The VP1 sequence contains the entire
VP2 sequence and the N-terminal extension 150-amino-acid called VP1
up, VP1 and VP2 are necessary for the generation of infectious progeny
virus (Fernandes et al., 2011). However, the function of PPV structural
proteins and non-structural proteins in the process of pathogenic me-
chanism is still unclear. Hence, it is necessary to construct a cell-
adapted cDNA clone of PPV that can be used as a convenient platform
for studying structural protein and no-structural protein roles in PPV

E-mail addresses: Yonghuang@nwsuaf.edu.cn (Y. Huang), dwtong@nwsuaf.edu.cn (D. Tong).

! These authors contributed equally to this work.

https://doi.org/10.1016/j.vetmic.2019.06.015

Received 18 January 2019; Received in revised form 2 June 2019; Accepted 16 June 2019

0378-1135/ © 2019 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/03781135
https://www.elsevier.com/locate/vetmic
https://doi.org/10.1016/j.vetmic.2019.06.015
https://doi.org/10.1016/j.vetmic.2019.06.015
mailto:Yonghuang@nwsuaf.edu.cn
mailto:dwtong@nwsuaf.edu.cn
https://doi.org/10.1016/j.vetmic.2019.06.015
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vetmic.2019.06.015&domain=pdf

S. Chen, et al.

infection and pathogenesis.

Currently, most studies about parvovirus focus on Murine Minute
virus (MVM), Muscovy duck and Human Parvovirus (Merchlinsky et al.,
1983; Wang et al., 2015, 2016; Yen et al., 2015; Zhi et al., 2006, 2004),
while limited research on porcine parvovirus. An infectious clone
constructed from the avirulent vaccine strain, NADL-2, which has been
identified as no-pathogenic to susceptible animals (Vasudevacharya
et al., 1990). However, there are significant sequence differences be-
tween the epidemic strain and highly pathogenic Kresse strain
(Fernandes et al., 2011; Meszaros et al., 2017), which largely limit the
application of the infectious clone in the study of PPV abortion and
pathogenesis. In the present study, the full-length genome of wild-type
parental PPV was cloned and analyzed. And the efficient and stable
infectious clone of Y-PPV carrying a genetic marker was constructed.
The biological characteristics of the rescued Y-PPV were compared with
wild-type parental PPV in vitro and in vivo, and the results revealed that
Y-PPV retained a level of biological characteristics similar to that of the
wild-type parental PPV strain, which will provide a valuable tool for the
study of molecular pathogenic of PPV and the application of gene de-
letion or live vector vaccines.

2. Materials and methods
2.1. Cell lines and virus

Porcine Kidney (PK-15) cells (ATCC) were cultured in Dulbecco-
modified minimal essential medium (DMEM) (Gebico, USA) supple-
mented with 10% Fetal Bovine Serum (Si Jiging, China). The PK-15
cells were incubated at 37 °C under 5% CO, and used for propagating
the PPV. Wild-type parental PPV China isolate strain (Genbank:
MK993540) adapted in PK-15 cells was used for the construction of
infectious cDNA clone.

2.2. Cloning of full-length coding region amplification of PPV viral DNA
and sequence analysis

Viral DNA was extracted from PPV infected PK-15 cells as the PCR
template. The PPV coding region genome was cloned by Prime STAR
PCR Enzyme (Takara, China) using PPV-F and PPV-R primers (Table 1).
The PCR product was cloned into the pMD-18 T vector, which was then
transformed Escherichia coli strain Stbl 3 and sequenced. For compara-
tive studies, the complete genome sequences of wild-type parental PPV
strain was compared with that of Genbank by using the MegAlign
program packaged in the Lasergene package 5.0.

2.3. Construct carrying a genetic marker full-length infectious clone plasmid
DNA

As previously described (Ma et al., 2010). As the ITR hairpin
structure in this sequence is basically reverse complementary, it is
difficult to clone it by conventional PCR methods. Therefore, the pa-
lindrome sequences were sent to the company for synthesis (Huada,
China), with BamH I and Xba I restriction sites at the both ends. And the

Table 1
Primers used in the study.

Prime Prime sequence Amplification size
P-F AAAAAAGAGGCGGGAAAAAAAGAGG 4600 bp

P-R TGTTTTTTGGGGATAATTGGTATACAG

P-F AAAAAAGAGGCGGGAAAAAAAGAGG 2900 bp

P-R1 CATGAATTCTTTTGTATGTTTCGTGTTC

P-F1 GAACACGAAACATACAAAAGAATTCATG 1700 bp

P-R TGTTTTTTGGGGATAATTGGTATACAG

P-F2 CAACAATGGCTAGCTATATGCA 1420 bp

P-R2 CTAGTGCGACCATTAAGCTTGC
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intermediate sequences (157-4812) was amplified by primers PPV-F
and PPV-R, using viral genomic DNA as template. These fragments were
composed together to form PPV full length genome through In-fusion
cloning technique, which was then linked to low copy plasmid pKQLL
to construct PPV full length infect clone. Further, non-sense mutations
were obtained using overlap PCR using P-F/P-R 1 and P-F1/P-R
(Table 1), and then the fragments were connected to pKQLL-PPV to
form PPV full length infect clone, named Y-PPV.

2.4. Rescuing of infectious virus

In order to estimate whether genomic clone could be infectious, the
plasmid Y-PPV was transfected into PK-15 cells with a cell density of
70%. Infectivity was determined by the development of cytopathic ef-
fect (CPE), and viral particles were observed under transmission elec-
tron.

2.5. Immuno-fluorescence assay and confocal imaging

For immuno-fluorescence (IF), the assay was performed as pre-
viously described (Ganaie et al., 2017). The cells were incubated to the
primary antibodies 3C9 (a mouse anti-PPV capsid-specific monoclonal
antibody; CRL-17; ATCC) for 1h at room temperature. After further
washings, the cells were incubated with anti FITC-mouse secondary
antibodies for 1h at room temperature in the dark. After the final
washings, the cover glasses were removed from the wells and were
fixed onto a slide using confocal microscopy (LECIA TCS SP8, Ger-
many).

2.6. Western blotting assay

The cell lysates was denatured by heating were separated by 12%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene difluoride (PVDF) membranes, which was
blocked in PBS buffer with 5% non-fat dry milk at room temperature for
1h, and incubated with anti-PPV capsid-specific monoclonal antibody
3C9 followed by HRP-conjugated secondary antibodies. Luminescent
signals were detected using enhanced chemiluminescence (ECL) re-
agent.

2.7. Quantification of death cells by flow cytometry

The cell mortality was detected using the 7-AAD strain assay kit
(Biolegend, 420404) according to the manufacturer’s protocol. Rescued
Y-PPV, wild-type parental PPV infected and uninfected cells were di-
gested by trypsinization without EDTA and washed three times with
ice-cold PBS. The precipitate after centrifugation was resuspended in
150 pl binding buffer, and then 5 pul 7-AAD was added. The mixture was
then incubated for 20 min at room temperature in the dark. The stained
cells were analyzed by flow cytometry (Becton Dickinson Accuri C6,
Us).

2.8. Caspase activity assay

As previously described (Zhang et al., 2015). Caspases colorimetric
assay kits (Beyotime Biotech, China) were used to measure the caspase-
3, caspase-8 and caspase-9 activity, according to the manufacture’s
recommendations, the cells were treated with lysis buffer, and protein
concentration was measured using BCA Protein Assay Reagent (Beyo-
time Biotech, China). Then 200 ug lysates of each sample were loaded
into microplates and incubated with each caspase substrate at 37 °C for
4h, the absorbance values of samples were measured at 405nm in
microplate spectrophotometer (Infinite 200 PRO NanoQuant, Tecan,
Switzerland). Caspase-8 inhibitor Z-IETD-FMK (catalog number C1230,
Sigma, St. Louis, MO, USA), Caspase-9 inhibitor Z-LEHD-FMK (catalog
number C1355, Sigma) were dissolved in dimethyl sulfoxide (DMSO,
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Fig. 1. Construction and identification of full-length infectious cloning plasmid of Y-PPV. (A) The numbers at the forks indicate the bootstrap values (1000 re-
plicates). Strains used in this study are indicated by filled triangles, red box marked as PPV China isolate strain. (B) Schematic map of Y-PPV plasmid DNA. UTR,
noncoding region; TERM, TonB terminator. (C) Restriction enzyme digestion of Y-PPV. M: DNA markers.1: untreated plasmid; 2: Double digestion with Xba I and
BamH 1. 3: Single digestion with EcoR I. (D) Sequences of a Y-PPV and wild-type parental PPV. The T-to-A mutation in theVP1 gene of PPV is indicated by the frame.
Red triangle marked as nonsense mutation position (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article).

catalog number D2650, Sigma). PK-15 cells were treated for 1h and
were washed for three times with PBS to remove inhibitors, cells were
then infected, in the presence of the inhibitor, for 2 h and were washed
again. And the caspase-3, caspase-8 and caspase-9 activity were mea-
sured.

2.9. Identification of the genetic marker in rescued virus

The genetic marker stability experiment was performed according
to previously described methods (Chen et al., 2017). The PK-15 cells
were incubated with rescued Y-PPV for 36 h, and its cell culture was
collected for freeze-thaw three times, and the cell culture was incubated
a fresh PK-15 cells and culture 36 h. This process proceeded to the 15th
generation in the same way. The DNA of 5th, 10th and 15th generation
of Y-PPV was extracted and detected by PCR using primers P-F2 and P-R
2, and the PCR purified products were identified by EcoR I digestion
and sequencing.

2.10. Rescuing virus replication and pathogenicity properties

To estimate whether the genetic marker affected the characteriza-
tion of the rescued Y-PPV, PK-15 cells with a density of approximately
50% were infected with the rescued Y-PPV and wild-type parental PPV
strain (1MOI). And the replication level, virulence and apoptotic were
measured at different time points of post infection.

2.11. Animal experiment

Handling of animals and experimental procedures were performed
in accordance with the guide lines for caring of laboratory animals of
Northwest A&F University. All animal experiments were approved by

the institutional committee of Northwest A&F University. All of the gilts
were free of PPV, PRRSV, PRV and PCV2. The nine gilts were equally
divided into control, rescued Y-PPV and wild-type parental PPV infec-
tion groups. The pregnant gilts were exposed intranasally to 10 ml (107
TCIDso/ml) or 10 ml of DMEM cell culture medium at Day 22 of ge-
station and designated as 0 day post-infection (0 d p.i.). The blood was
collected from ear vein every 7 days after PPV infection and control
group. And then the PPV antibody levels were determined by diagnostic
kit for antibodies to porcine parvovirus (Approval Number, CFCO02AA,
Ai Ruide Biotechniques, Ltd., Jiangsu, China). The progesterone levels
were determined in the serum by radio-immuno assay using iodine
[*21]-progesterone RIA kit (Approval Number $S10950183, Jinding
Biotechniques, Ltd., Tianjin, China). At 35 dp.i, all sows were eu-
thanized and the heart, liver, spleen, lung, kidney, uterus, oophoron
and brain were collected. To test the viral load in different tissues, PPV
were isolated from difference tissues in the infected sows as described
by Miao et al (Miao et al., 2009). In brief, these tissues were grind using
a pestle and mortar, and then resuspended in 1 ml sterile PBS. After
freezing and thawing for three times and centrifugation for 10 min at
1000 x g, the supernatant was passed through a 0.22 pm filter. A 100 pl
sample was extracted viral DNA using the phenol-chloroform method.
The viral load of organs was determined by real-time PCR. Each sample
was tested three times, and the mean cycle threshold of each sample
was recorded. Besides, the uterus and oophoron were fixed and he-
matoxylin-eosin staining was performed to observe the pathological
changes of the tissue.

2.12. Statistical analysis

Data were shown as means + SEM (SD) values representing of
three independent experiments. Each experiment was carried out in
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triplicate. Statistical comparison of the results was analyzed by one way
analysis of variance (ANOVA). A value of P < 0.05 was considered as
significance.

3. Results

3.1. Construction of full-length cDNA clone plasmid and sequence analysis
of PPV China isolate strain

The PPV coding sequence was amplified by primers P-F and P-R for
sequencing and comparision with different strains that published in the
NCBI database. The phylogenetic analysis showed that wild-type par-
ental PPV strain had the closest genetic relationship with J-PPV
(Fig. 1A). Using the genomic DNA of wild-type parental PPV strain as
template, a PPV DNA fragment (157-4812) was amplified by PCR. In
addition, a PPV DNA fragment (1-182) in 5’ terminus Y structure and a
PPV DNA fragment (4788-5074) in 3’ terminus U structure sequence
were synthesized directly. Lastly, these three fragments were cloned
into plasmid pKQLL to assemble a complete PPV full-length re-
combinant plasmid by In-Fusion cloning technology. After sequencing
identification, we further bought in an EcoR I restriction site as genetic
marker via nonsense mutation (A3058 T) and named Y-PPV. Fig.1B
showed the structure schematic diagrams of Y-PPV plasmid DNA. Re-
striction enzyme analysis and sequencing of Y-PPV showed that a ge-
netic marker was successfully introduced at 3058 of the PPV genomic
DNA (Fig.1 C, D).
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Fig. 2. Identification of rescued Y-PPV virus
assay. (A) PPV-specific cytopathic effect (CPE)
of rescued virus. PK-15 cells culture were col-
lected at 36h after transfected with Y-PPV
plasmid, and continuously infected for 5 gen-
erations. Cells were observed under fluores-
cence microscope with natural light (x100).
(B) Identification of the genetic marker in the
rescued Y-PPV virus. The EcoR I restriction
enzyme site was introduced into the re-
combinant plasmid to create a genetic marker
to distinguish the rescued virus from the par-
ental virus. Two 1420 bp fragments from par-
ental PPV and rescued Y-PPV with primers P-
F2/P-R 2, and the Y-PPV could produce a 287
bp fragment by EcoR I digestion. (C)
Observation of rescued Y-PPV virus under
transmission electron microscopy. PK-15 cells
were infected with Y-PPV or wild-type parental
PPV at MOI 1 for 36 h and culture supernatant
were absorbed to copper mesh, and staining
with phosphotungstic acid, then viral particles
morphology was observed under transmission
electron microscopy( x 120,000). Black arrows
indicate PPV viral particles. (D) Immuno-
fluorescence analysis of rescued Y-PPV virus.
The PK-15 cells were infected with Y-PPV or
wild-type parental PPV. At 36h p.i, the in-
fected cells were stained by anti-PPV capsid
3C9 monoclonal antibody and observed under
confocal microscopy. (E) Expression of VP1
and VP2 in Y-PPV infected cells. The PK-15
cells infected with Y-PPV or wild-type parental
PPV were detected by western blotting using
anti-PPV capsid 3C9 monoclonal antibody at
36 hp.i. 1:PPV; 2:Y-PPV; 3:Mock.

1420 bp
1133 bp

287 bp

3.2. Rescuing of infectious Y-PPV

The infectious cloning plasmid Y-PPV containing genetic marker
was transfected into PK-15 cells and continuously infected for 15 gen-
erations. Cell infection experiment displayed that Y-PPV infection could
induce obvious cytopathic effect (Fig. 2A). The primer P-F2/P-R 2 was
used to amplify the DNA fragment containing EcoR I genetic marker in
Y-PPV, but not in wild-type parental PPV. Restriction enzyme analysis
revealed that the amplified fragment of Y-PPV infected cells could
produce a 287 bp fragment by EcoR I digestion, but the amplified
fragment of wild-type parental PPV infected cells could not (Fig. 2B).
The virions generated by Y-PPV infection were the similar with their
wild-type parental PPV strain under electron microscopy (Fig. 2C).
Furthermore, indirect immuno-fluorescence and western blotting assays
showed that PPV capsid protein could be detected in the culture su-
pernatant of cells infected with progeny Y-PPV (Fig. 2D, E). The above
results indicated that PPV could be rescued from the cells transfected
with Y-PPV plasmids, and the rescued Y-PPV has similar infection
characteristics to the wild-type parental PPV.

3.3. Rescuing virus stability and characterization

In order to determine the genetic marker stability of the rescued Y-
PPV, Y-PPV continuously infected for 15 generations. The analysis of
restriction enzyme showed that fragments amplified by Y-PPV infect
cells Using P-F2/P-R 2 as primers could produce a 287 bp fragment by
EcoR I digestion at 5th, 10th and 15th generations, while the fragments
amplified from the wild-type PPV infected cells could not (Fig. 3A). The
Y-PPV exhibited similar replicate capacity and pathogenicity as wild-
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Fig. 3. Characterization assay of rescued Y-PPV. (A) Rescue virus genetic marker genetic stability; M: DNA markers.1: Wild-type parental PPV DNA fragment treat
with EcoR I digestion; 2-4: Rescued Y-PPV 5th, 10th and 15th DNA fragments were treated with EcoR I digestion. (B) Detection of rescued Y-PPV and wild-type
parental PPV DNA copy numbers (copies/100 pl) at infection different time points. (C) Detection of rescued Y-PPV and wild-type parental PPV TCIDs, at infection
different time points. TCIDs, indicate per milliliter viral load. (D) AO/EB staining assay detection of rescued Y-PPV and wild-type parental PPV induced apoptosis. (E)
Flow Cytometry detection of rescued Y-PPV and wild-type parental PPV-induced cell death rate. (F) The enzymatic activities of caspase-8 in rescued Y-PPV and wild-
type parental PPV-infected cells. (G) The enzymatic activities of caspase-9 in rescued Y-PPV and wild-type parental PPV-infected cells. (H) The enzymatic activities of
caspase-3 in rescued Y-PPV and wild-type parental PPV infected cells. (I) The effect of initiator caspase-8 and caspase-9 on the activation of caspase-3. Results are

recorded by means = SD. ns: no significant difference.

type parental PPV at different time points after infection (Fig. 3B, C). In
addition, AO/EB staining showed that the rescued Y-PPV could induce
cell death effect at different time points post-infection (Fig. 3D). Fur-
thermore, flow cytometry showed that the rescued Y-PPV induced si-
milar cell death rate as wild-type parental PPV at different time points
post-infection (Fig. 3E).

Previous work has revealed that wild-type parental PPV infection
could induces apoptosis through activation caspase-9 and caspase-3 not
caspase-8 pathway (Zhang et al., 2015), we further identified the ac-
tivity of caspases in the cells infected with the rescued Y-PPV, the re-
sults showed that the rescued Y-PPV induced similar activation features
in caspase-9, caspase-3 and caspase-8 as wild-type parental PPV
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Fig. 4. Characterization of rescued Y-PPV in vivo assay. (A) Effects of Y-PPV or PPV-infected on PPV IgG antibody levels. After PPV infection, the PPV IgG antibody
levels became positively. (B) The PPV loads in the different organs of infected sows. The x-axis indicates the examined organs, the y-axis represents viral loads as the
logarithm of PPV DNA copies in the different organs. (C) Rescued Y-PPV and wild-type parental PPV inoculation reduces the levels of progesterone. The pregnant gilts
were intranasally exposed to 10 ml (107 TCIDso/ml) or 10 ml of DMEM cell culture medium (Control). Then the serum progesterone levels were determined by RIA.
(D) Morphology observation of Hematoxylin-eosin (HE) staining uterus and oophoro in wild-type parental PPV, Y-PPV and control groups.

(Fig. 3F, G, H). To further determine the contribution of caspase-8 or
caspase-9 to activate caspase-3, we analyzed the inhibitory efficacy of
caspase-8 or caspase-9 inhibitor in caspase-3 activity in cells infected
with the rescued Y-PPV. As shown in Fig. 31, the activity of caspase-3
was significantly inhibited by caspase-9 inhibitor, but was not by cas-
pase-8 inhibitor treatment, which were similar as the characteristics of
wild-type parental PPV. The above results indicate that rescued Y-PPV
is similar to wild-type parental PPV in replication capacity and patho-
genicity characteristics.

3.4. Animal experiment

After PPV infection, the PPV IgG antibody levels became positively,
the PPV IgG antibody levels of rescued Y-PPV and wild-type parental
PPV infection group were significantly higher than that of control group
after 7 d p.i., but there was no significantly difference between these
two groups in PPV IgG antibody level (Fig. 4A). Rescued Y-PPV and
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wild-type parental PPV DNA were detected in heart, liver, spleen, lung,
kidney, uterus, oophoro and brain after infection of pregnant sows with
and rescued Y-PPV and wild-type parental PPV. Besides, the viral loads
of kidney, lung, uterus and oophoro were significantly higher than that
in other tissue, but there was no significant difference between Y-PPV
and wild-type parental PPV-infected sows in the viral load of same
tissues (Fig. 4B). Furthermore, the effects of Y-PPV infection on luteal
function, serum progesterone levels were measured. Circulating pro-
gesterone levels maintained in a relatively normal level in control
group. However, the circulating progesterone levels of rescued Y-PPV
and wild-type parental PPV infection group were significantly lower
than that of control group after 14 d p.i., but no significantly difference
appeared between these two groups (Fig. 4C). Lastly, HE staining re-
sults showed that both the rescued Y-PPV and wild-type parental PPV
could induce obvious tissue lesions in uterus and oophoro (Fig. 4D).
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4. Discussion

PPV infection mainly cause reproductive failure of pregnant swine,
including infertility, embryonic death, stillbirth and fetal mummifica-
tion in pregnant sows, it has brought huge economic losses for animal
aquaculture in the entire world (Antonis et al., 2006).

PPV can bind to sialic acids on the cell surface receptor and used
both clathrin mediated endocytosis and macropinocytosis pathways to
gain access into cells (Boisvert et al., 2010). In recent study suggested
that PPV infection can through the different approach induce cell death,
such as induce mitochondria apoptotic mediated ROS accumulation and
p53 activition signaling pathway (Zhang et al., 2015; Zhao et al., 2016),
activates NF-kB signaling pathways and induce inflammatory cytokine
production (Cao et al., 2017; Zhou et al., 2017), but it is not clear which
protein plays a role in these processes, since lack of effective mutant
strains. Infect clone was widely used as a convenient platform for stu-
dies disease vaccines and therapeutics, which contribute to study virus
pathogenic mechanism, virus-host interaction and vaccine development
(Tsetsarkin et al., 2016).

The PPV China isolate strain full-length gene sequence was cloned
and analyzed, as shown in the phylogenetic tree, PPV China isolate
strain and the J-PPV strain tended to group together in a distinct
phylogenetic clade. The J-PPV stain (Genbank: KF742500.2) was PPV
circulating in 2014 from China (Wang et al., 2014).

Reverse genetics is a powerful and efficient tool to research gene-
function and viral pathogenic mechanism (Deng et al., 2012; Weger-
Lucarelli et al., 2017). B19V effective replication is necessary in the
presence of adenovirus helper genes or adenovirus(Guan et al., 2009),
and the adenovirus helper function is not necessary for pIHBoV1 and
ADV-G replication in sensitive cells (Huang et al., 2012; Xi et al., 2017).
In this study, for the first time, stable carrying a genetic marker full-
length DNA infectious clone was constructed using in vitro In-Fusion
PCR (Fig.1), and the infectious clone Y-PPV was rescued through
transfection into PK-15 cells without any adenovirus helper genes or
adenovirus.

The rescued Y-PPV and wild-type parental PPV had identical char-
acteristics in terms of virus particle formation under electron micro-
scopy (Fig. 2C). Furthermore, indirect immuno-fluorescence and wes-
tern blotting assay manifested that PPV capsid protein was able to
detect in the culture supernatant of cells infected with progeny Y-PPV
(Fig. 2D, E). The above results indicate that PPV could be rescued from
the cells transfected with Y-PPV plasmids, and that rescued Y-PPV is
similar to wild-type parental PPV in infectious characteristics.

In order to determine the genetic marker stability of the rescued Y-
PPV, the rescued Y-PPV continuously infected for 15 generations.
Restriction enzyme analysis showed that the fragment amplified from
the Y-PPV-infected cells was able to produce a 287 bp fragment by EcoR
I digestion at 5th, 10th and 15th generations, while the fragment am-
plified from the wild-type PPV infected cells was not able to produce
(Fig. 3A). Besides, virions generated by Y-PPV infection possessed si-
milar replicate capacity and pathogenicity as wild-type parental PPV at
infection different time points (Fig. 3B, C). In addition, the rescued Y-
PPV could induce cell death effect and cell death rate by stained with
AO/EB and flow cytometry (Fig. 3D, E). Lastly, we found that rescued
Y-PPV induced similar features of activated caspase-9 and caspase-3
increased as early as 12h p.i., but caspase-8 activity was not observed
change in this study compare to wild-type parental PPV (Fig. 3F, G, H,
D). In a word, rescued Y-PPV and wild-type parental PPV infection ex-
hibited same features in triggering PK-15 cells apoptosis.

Besides, rescued Y-PPV and wild-type parental PPV showed a same
infection characteristics in the tissue tropism, and there is no significant
difference between the Y-PPV and wild-type parental PPV in the viral
load of same tissues (Fig. 4B). PPV Chinese isolate BQ strain was found
in the heart, lung, spleen, kidney and endometrium in sow (Miao et al.,
2009), which is agree with our experiment results. Y-PPV infection can
significantly decrease circulating progesterone levels of the blood,
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which is also consistent with the results observed by Zhang et al in PPV-
infected animals (Zhang et al., 2018). Cellular and animal experiments
manifested that Y-PPV possessed similar replicate capability and pa-
thogenicity as the wild-type parental PPV. These results demonstrate
that Y-PPV does not change the biological characteristics of wild-type
parental PPV.

In summary, we constructed a carrying stable genetic marker PPV
infectious clone, Y-PPV, and cellular and animal experiments showed
that rescued Y-PPV possessed similar replicate capability and patho-
genicity as the wild-type parental PPV. This work provides a convenient
and available tool for further studying of the pathogenic mechanism of
PPV, and will greatly facilitate studying the function of individual gene
of PPV and gene modification for PPV live vector vaccines develop-
ment.

Funding

This work was supported by the National Natural Science
Foundation of China (31872447), the science and technology innova-
tion project in Shaanxi province (2018ZDCXL-NY-02-07, 2018ZDCXL-
NY-02-04), the central project of major agricultural technology pro-
motion funds (K3360217060), and Fundamental Research Funds for the
Central Universities (2452017023).

Acknowledgments

We thank the Life Science Research Core Services (LSRCS) in
Northwest A&F University for supplying the Leica TCS SP8 and trans-
mission electron microscopy.

References

Antonis, A.F., Bruschke, C.J., Rueda, P., Maranga, L., Casal, J.I., Vela, C., Hilgers, L.A.,
Belt, P.B., Weerdmeester, K., Carrondo, M.J., Langeveld, J.P., 2006. A novel re-
combinant virus-like particle vaccine for prevention of porcine parvovirus-induced
reproductive failure. Vaccine 24, 5481-5490.

Bodendorf, U., Cziepluch, C., Jauniaux, J.C., Rommelaere, J., Salome, N., 1999. Nuclear
export factor CRM1 interacts with nonstructural proteins NS2 from parvovirus
minute virus of mice. J. Virol. 73, 7769-7779.

Boisvert, M., Fernandes, S., Tijssen, P., 2010. Multiple pathways involved in porcine
parvovirus cellular entry and trafficking toward the nucleus. J. Virol. 84, 7782-7792.

Cao, L., Chen, J., Wei, Y., Shi, H., Zhang, X., Yuan, J., Shi, D., Liu, J., Zhu, X., Wang, X.,
Cui, S., Feng, L., 2017. Porcine parvovirus induces activation of NF-kappaB signaling
pathways in PK-15 cells mediated by toll-like receptors. Mol. Immunol. 85, 248-255.

Chen, J., Zhang, R., Lin, S., Li, P., Lan, J., Xie, Z., Wang, Y., Jiang, S., 2017. Construction
and characterization of an improved DNA-launched infectious clone of duck hepatitis
a virus type 1. Virol. J. 14, 212.

Deng, X., Qi, X., Wu, G., Gao, Y., Qin, L., Wang, Y., Gao, H., Wang, X., 2012. Construction
and characterization of the infectious clone of Reticuloendotheliosis virus carrying a
genetic marker. Virus Res. 167, 146-151.

Eichwald, V., Daeffler, L., Klein, M., Rommelaere, J., Salome, N., 2002. The NS2 proteins
of parvovirus minute virus of mice are required for efficient nuclear egress of progeny
virions in mouse cells. J. Virol. 76, 10307-10319.

Farr, G.A., Cotmore, S.F., Tattersall, P., 2006. VP2 cleavage and the leucine ring at the
base of the fivefold cylinder control pH-dependent externalization of both the VP1 N
terminus and the genome of minute virus of mice. J. Virol. 80, 161-171.

Fernandes, S., Boisvert, M., Tijssen, P., 2011. Genetic elements in the VP region of porcine
parvovirus are critical to replication efficiency in cell culture. J. Virol. 85,
3025-3029.

Ganalie, S.S., Zou, W., Xu, P., Deng, X., Kleiboeker, S., Qiu, J., 2017. Phosphorylated
STATS5 directly facilitates parvovirus B19 DNA replication in human erythroid pro-
genitors through interaction with the MCM complex. PLoS Pathog. 13, €1006370.

Guan, W., Wong, S., Zhi, N., Qiu, J., 2009. The genome of human parvovirus b19 can
replicate in nonpermissive cells with the help of adenovirus genes and produces in-
fectious virus. J. Virol. 83, 9541-9553.

Huang, Q., Deng, X., Yan, Z., Cheng, F., Luo, Y., Shen, W., Lei-Butters, D.C., Chen, A.Y., Li,
Y., Tang, L., Soderlund-Venermo, M., Engelhardt, J.F., Qiu, J., 2012. Establishment of
a reverse genetics system for studying human bocavirus in human airway epithelia.
PLoS Pathog. 8, €1002899.

Huang, Q., Luo, Y., Cheng, F., Best, S.M., Bloom, M.E., Qiu, J., 2014. Molecular char-
acterization of the small nonstructural proteins of parvovirus Aleutian mink disease
virus (AMDV) during infection. Virology 452-453, 23-31.

Jozwik, A., Manteufel, J., Selbitz, H.J., Truyen, U., 2009. Vaccination against porcine
parvovirus protects against disease, but does not prevent infection and virus shedding
after challenge infection with a heterologous virus strain. J. Gen. Virol. 90,
2437-2441.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=KF742500.2
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0005
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0005
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0005
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0005
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0010
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0010
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0010
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0015
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0015
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0020
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0020
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0020
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0025
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0025
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0025
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0030
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0030
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0030
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0035
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0035
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0035
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0040
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0040
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0040
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0045
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0045
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0045
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0050
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0050
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0050
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0055
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0055
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0055
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0060
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0060
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0060
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0060
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0065
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0065
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0065
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0070
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0070
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0070
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0070

S. Chen, et al.

Lin, W,, Qiu, Z., Liu, Q., Cui, S., 2013. Interferon induction and suppression in swine
testicle cells by porcine parvovirus and its proteins. Vet. Microbiol. 163, 157-161.

Ma, Y., Lv, M., Xu, S., Wu, J., Tian, K., Zhang, J., 2010. Identification of full-length
proviral DNA of porcine endogenous retrovirus from Chinese Wuzhishan miniature
pigs inbred. Comp. Immunol. Microbiol. Infect. Dis. 33, 323-331.

Merchlinsky, M.J., Tattersall, P.J., Leary, J.J., Cotmore, S.F., Gardiner, E.M., Ward, D.C.,
1983. Construction of an infectious molecular clone of the autonomous parvovirus
minute virus of mice. J. Virol. 47, 227-232.

Meszaros, 1., Toth, R., Olasz, F., Tijssen, P., Zadori, Z., 2017. The SAT protein of porcine
parvovirus accelerates viral spreading through induction of irreversible endoplasmic
reticulum stress. J. Virol. 91.

Miao, L.F., Zhang, C.F., Chen, C.M., Cui, S.J., 2009. Real-time PCR to detect and analyze
virulent PPV loads in artificially challenged sows and their fetuses. Vet. Microbiol.
138, 145-149.

Ros, C., Burckhardt, C.J., Kempf, C., 2002. Cytoplasmic trafficking of minute virus of
mice: low-pH requirement, routing to late endosomes, and proteasome interaction. J.
Virol. 76, 12634-12645.

Sanchez-Martinez, C., Grueso, E., Carroll, M., Rommelaere, J., Almendral, J.M., 2012.
Essential role of the unordered VP2 n-terminal domain of the parvovirus MVM capsid
in nuclear assembly and endosomal enlargement of the virion fivefold channel for cell
entry. Virology 432, 45-56.

Tsetsarkin, K.A., Kenney, H., Chen, R., Liu, G., Manukyan, H., Whitehead, S.S., Laassri,
M., Chumakov, K., Pletnev, A.G., 2016. A full-length infectious cDNA clone of zika
virus from the 2015 epidemic in Brazil as a genetic platform for studies of virus-host
interactions and vaccine development. mBio 7.

Vasudevacharya, J., Basak, S., Srinivas, R.V., Compans, R.W., 1990. The complete nu-
cleotide sequence of an infectious clone of porcine parvovirus, strain NADL-2.
Virology 178, 611-616.

Wang, J., Duan, J., Zhu, L., Jiang, Z., Zhu, G., 2015. Sequencing and generation of an
infectious clone of the pathogenic goose parvovirus strain LH. Arch. Virol. 160,
711-718.

Wang, J., Huang, Y., Zhou, M., Hardwidge, P.R., Zhu, G., 2016. Construction and se-
quencing of an infectious clone of the goose embryo-adapted Muscovy duck parvo-
virus vaccine strain FZ91-30. Virol. J. 13, 104.

Wang, L.Q., Wang, Y., Chen, L.B., Fu, P.F., Chen, H.Y., Cui, B.A., 2014. Complete genome
sequence of a porcine parvovirus strain isolated in central china. Genome
Announc. 2.

Veterinary Microbiology 235 (2019) 143-150

Weger-Lucarelli, J., Duggal, N.K., Bullard-Feibelman, K., Veselinovic, M., Romo, H.,
Nguyen, C., Ruckert, C., Brault, A.C., Bowen, R.A., Stenglein, M., Geiss, B.J., Ebel,
G.D., 2017. Development and characterization of recombinant virus generated from a
new world zika virus infectious clone. J. Virol. 91.

Wu, J., Chen, X,, Ye, H., Yao, M., Li, S., Chen, L., 2016. Nonstructural protein (NS1) of
human parvovirus B19 stimulates host innate immunity and blunts the exogenous
type I interferon signaling in vitro. Virus Res. 222, 48-52.

Xi, J., Zhang, Y., Wang, J., Yu, Y., Zhang, X., Li, Z., Cui, S., Liu, W., 2017. Generation of an
infectious clone of AMDV and identification of capsid residues essential for infectivity
in cell culture. Virus Res. 242, 58-65.

Xu, P., Zhou, Z., Xiong, M., Zou, W., Deng, X., Ganaie, S.S., Kleiboeker, S., Peng, J., Liu,
K., Wang, S., Ye, S.Q., Qiu, J., 2017. Parvovirus B19 NS1 protein induces cell cycle
arrest at G2-phase by activating the ATR-CDC25C-CDK1 pathway. PLoS Pathog. 13,
€1006266.

Yen, T.Y., Li, K.P., Ou, S.C., Shien, J.H., Lu, H.M., Chang, P.C., 2015. Construction of an
infectious plasmid clone of Muscovy duck parvovirus by TA cloning and creation of a
partially attenuated strain. Avian Pathol. 44, 124-128.

Zhang, H., Huang, Y., Du, Q., Luo, X., Zhang, L., Zhao, X., Tong, D., 2015. Porcine par-
vovirus infection induces apoptosis in PK-15 cells through activation of p53 and
mitochondria-mediated pathway. Biochem. Biophys. Res. Commun. 456, 649-655.

Zhang, L., Wang, Z., Zhang, J., Luo, X., Du, Q., Chang, L., Zhao, X., Huang, Y., Tong, D.,
2018. Porcine parvovirus infection impairs progesterone production in luteal cells
through mitogen-activated protein kinases, p53, and mitochondria-mediated apop-
tosis. Biol. Reprod. 98, 558-569.

Zhao, X., Xiang, H., Bai, X., Fei, N., Huang, Y., Song, X., Zhang, H., Zhang, L., Tong, D.,
2016. Porcine parvovirus infection activates mitochondria-mediated apoptotic sig-
naling pathway by inducing ROS accumulation. Virol. J. 13, 26.

Zhi, N., Mills, L.P., Lu, J., Wong, S., Filippone, C., Brown, K.E., 2006. Molecular and
functional analyses of a human parvovirus B19 infectious clone demonstrates es-
sential roles for NS1, VP1, and the 11-kilodalton protein in virus replication and
infectivity. J. Virol. 80, 5941-5950.

Zhi, N., Zadori, Z., Brown, K.E., Tijssen, P., 2004. Construction and sequencing of an
infectious clone of the human parvovirus B19. Virology 318, 142-152.

Zhou, Y., Jin, X.H., Jing, Y.X., Song, Y., He, X.X., Zheng, L.L., Wang, Y.B., Wei, Z.Y.,
Zhang, G.P., 2017. Porcine parvovirus infection activates inflammatory cytokine
production through Toll-like receptor 9 and NF-kappaB signaling pathways in porcine
kidney cells. Vet. Microbiol. 207, 56-62.


http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0075
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0075
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0080
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0080
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0080
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0085
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0085
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0085
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0090
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0090
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0090
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0095
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0095
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0095
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0100
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0100
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0100
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0105
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0105
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0105
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0105
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0110
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0110
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0110
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0110
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0115
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0115
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0115
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0120
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0120
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0120
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0125
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0125
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0125
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0130
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0130
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0130
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0135
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0135
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0135
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0135
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0140
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0140
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0140
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0145
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0145
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0145
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0150
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0150
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0150
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0150
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0155
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0155
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0155
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0160
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0160
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0160
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0165
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0165
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0165
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0165
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0170
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0170
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0170
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0175
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0175
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0175
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0175
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0180
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0180
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0185
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0185
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0185
http://refhub.elsevier.com/S0378-1135(19)30080-X/sbref0185

	Construction and characterization of the infectious clone of porcine parvovirus carrying genetic marker
	Introduction
	Materials and methods
	Cell lines and virus
	Cloning of full-length coding region amplification of PPV viral DNA and sequence analysis
	Construct carrying a genetic marker full-length infectious clone plasmid DNA
	Rescuing of infectious virus
	Immuno-fluorescence assay and confocal imaging
	Western blotting assay
	Quantification of death cells by flow cytometry
	Caspase activity assay
	Identification of the genetic marker in rescued virus
	Rescuing virus replication and pathogenicity properties
	Animal experiment
	Statistical analysis

	Results
	Construction of full-length cDNA clone plasmid and sequence analysis of PPV China isolate strain
	Rescuing of infectious Y-PPV
	Rescuing virus stability and characterization
	Animal experiment

	Discussion
	Funding
	Acknowledgments
	References




