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ARTICLE INFO ABSTRACT

Keywords: Senecavirus A (SVA), also known as Seneca Valley virus, belongs to the genus Senecavirus in the family Picor-
Seneca_"irus A naviridae. In this study, a China SVA isolate (CH-LX-01-2016) was rescued from its cDNA clone, and then
Passaging ) identified by RT-PCR, indirect immunofluorescence assay and mass spectrometry. The rescued SVA could
I;I\elfggeneratmn sequencing separately induce typical plaque formations and cytopathic effects in cell monolayers. In order to uncover its
Quasispecies evolutionary dynamics, the SVA was subjected to eighty serial passages in vitro. Its progenies per ten passages
Mutations were analyzed by next-generation sequencing (NGS). The NGS analyses showed that neither sequence-deleting

nor -inserting phenotype was detectable in eight progenies, within which a total of forty-one intra-host single-
nucleotide variations (SNVs) arose with passaging. Almost all SNVs were identified as the single-nucleotide
polymorphism with mixture of two nucleotides. SNVs led to eighteen nonsynonymous mutations, out of
which sixteen could directly reflect their own frequencies of amino acid mutation, due to only one SNV occurring
in their individual codons. Compared with its parental virus without passaging, the passage-80 SVA progeny had

formed a viral quasispecies, as evidenced by a total of twenty-eight SNVs identified in it.

1. Introduction

Senecavirus A (SVA), also known as Seneca Valley virus, is classified
into the genus Senecavirus in the family Picornaviridae. This virus can
cause vesicular disease in pigs. Typical clinical signs are vesicular and/
or ulcerative lesions on pigs’ snout, oral mucosa, coronary bands and
hooves, indistinguishable from those of other vesicular diseases, such as
foot-and-mouth disease and swine vesicular disease (Liu et al., 2020b;
Zhang et al., 2018). Some herds additionally suffer an increase in
neonatal losses of 1- to 4-day-old piglets (Houston et al., 2020). SVA now
is the only member in the genus Senecavirus. Its genome is a
positive-sense, single-stranded and nonsegmented RNA, approximately
7300 nucleotides (nt) in length, with a 3’ poly (A) tail but without a 5’
capped structure. The genome contains 5° and 3’ untranslated regions
(UTRs), and a single long open reading frame (ORF) of polyprotein
precursor. Referring to other picornaviruses (Sun et al., 2016), a poly-
protein precursor of SVA can be stepwisely cleaved into twelve poly-
peptides, namely the L, VP4, VP2, VP3, VP1, 2A, 2B, 2C, 3A, 3B, 3C (or
3CP™) and 3D (or 3DP°).
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The 3DP®' is an RNA-dependent RNA polymerase (RARp), by which
the SVA genome is replicated via a negative-sense RNA intermediate
(Ferrer-Orta et al.,, 2015). The picornaviral RdRp generally lacks
proofreading ability, therefore causing relatively high mutation rates
during viral replication (Cameron et al., 2016; Lescar and Canard, 2009;
Peersen, 2017). Mutation events would gradually accumulate to form a
viral quasispecies during serial passages. Viral quasispecies is regarded
as the mutant distributions (also termed mutant swarms, clouds or
spectra) that are generated upon replication of RNA viruses in infected
cells or hosts (Andino and Domingo, 2015).

Conventional Sanger sequencing is not capable of generating a large
dataset to identify each mutation sites in viral genome at a given passage
(Wu et al., 2016). Next-generation sequencing (NGS) as an alternative
method has been successfully applied to analyze and to quantify the
exceptionally-high diversity within viral quasispecies. Obtaining
high-accuracy NGS data to uncover a viral quasispecies not only relies
on error corrections of NGS data, but also depends on the well-tailored
design of experimental and computational analysis approaches (Lu
etal., 2020). By means of the NGS, a large number of RNA virus genomes
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Fig. 1. Rescue, identification, characterization and passaging of SVA. Schematic representation of SVA cDNA clone (A). The F1/R1 primer-targeted sites are marked
with two red arrowheads, and the Not I recognition site is marked with one black arrowhead. RT-PCR and PCR analyses of the P5 SVA using the F1/R1 primer pair
(B). SVA-induced plaque formations on a BSR cell monolayer (C). P6 SVA- and non-infected BSR cell monolayers at 24 hpi (D). Indirect immunofluorescence assay of
SVA-infected BSR cells (E). Mock: non-infected cells. One of SVA-specific MS/MS spectra on peptide identification of the P5 SVA (F). Strategy for eighty serial
passages of SVA (G). CPEs induced by SVA at 24 hpi during eighty serial passages (H) (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article).
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have been sequenced and now are publicly available. More importantly,
intra-host single-nucleotide variations (SNVs) in various viruses have
been systematically analyzed by the NGS for uncovering their evolu-
tionary dynamics (Campo et al., 2014; Hasing et al., 2016; Ni et al.,
2016; Yang et al., 2018).

The SVA CH-LX-01-2016 was a China isolate (Zhao et al., 2017),
whose reverse genetics system was developed previously. Using this
system, we have rescued two recombinant SVAs, which can indepen-
dently express an enhanced green fluorescent protein (eGFP) (Liu et al.,
2020a) and a NanoLuc® luciferase (NLuc) (Liu et al., 2020c¢). In this
study, the SVA CH-LX-01-2016 was rescued from its cDNA clone without
genetic modification, and then subjected to eighty serial passages in vitro
for NGS to reveal its evolutionary dynamics.

2. Materials and methods
2.1. Cell line and plasmid

The T7 RNA polymerase-expressing BHK (BSR in this study) cells
were cultured at 37 °C with 5 % CO in Dulbecco’s modified Eagle’s
medium (DMEM), supplemented with 10 % fetal bovine serum (FBS)
and G418 (500 pg/mL). The pcDNA™3.1(+) plasmid (Thermo Fisher,
Waltham, MA, USA) was used for constructing the SVA CH-LX-01-2016
(GenBank: KX751945.1) cDNA clone.

2.2. Construction of SVA cDNA clone

The SVA cDNA clone was flanked by the T7 promoter and the Not I
sequences at its 5’ and 3’ ends, respectively (Fig. 1A). The 5'- and 3'-end-
modifying cDNA clone was chemically synthesized and subcloned into
the pcDNA™3.1(+) plasmid. The recombinant plasmid was purified
using a HighPure Maxi Plasmid Kit (TIANGEN, Beijing, China) according
to the manufacturer’s instruction.

2.3. Rescue of SVA

The SVA cDNA clone was linearized by digestion with Not I restric-
tion endonuclease (Takara, Dalian, China), followed by agarose gel
electrophoresis for extraction of the linearized plasmid from gel by a gel
extraction kit (TIANGEN, Beijing, China). The purified cDNA clone was
used for transfection of BSR cells to rescue SVA (Passage-0, PO) using
Lipofectamine 2000 (Thermo Fisher, Waltham, MA, USA) according to
the manufacturer’s instruction. The cDNA clone-transfected cells were
harvested at 72 h post transfection (hpt), and subjected to one freeze-
and-thaw cycle to collect supernatant for serial blind passages in BSR
cells.

2.4. RT-PCR analysis

The P5 SVA was harvested for extracting viral RNA by a Viral RNA/
DNA Extraction Kit (Takara, Dalian, China) according to the manufac-
turer’s instruction. The extracted RNA was used as template for RT-PCR
analysis using a High Fidelity One Step RT-PCR Kit (Takara, Dalian,
China). The forward (F1: 5-AGGCACAGAGGAGCAACATCCAA-3') and
reverse (R1: 5-ATCGTTCACCGATCTAGGGTATT-3') primers were
designed for amplifying a 693-bp fragment. The RT-PCR reaction un-
derwent 45 °C for 10 min, 94 °C for 2 min and then 30 cycles at 98 °C (10
s), 55 °C (15 s) and 68 °C (10 s). The extracted RNA was simultaneously
subjected to PCR analysis using the F1/R1 primers. The PCR reaction
contained 2 x PrimeSTAR Max Premix (Takara, Dalian, China) and
underwent 30 cycles at 98 °C (10 s), 55 °C (5 s) and 72 °C (10 s). RT-PCR
and PCR products were detected by agarose gel electrophoresis, fol-
lowed by Sanger sequencing for analyzing the RT-PCR product.
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2.5. Plaque assay

Serial 10-fold dilutions were made by mixing 120 pL of SVA with
1080 pL of DMEM. One mL of each dilution was seeded to individual
wells of a 6-well plate containing confluent BSR cells. The plate was
incubated at 37 °C for 1.5 h before the layer of 1% low melting point
agarose (in DMEM with 10 % FBS) was added. The cell monolayers were
fixed in 4% paraformaldehyde at 72 hpi, and then stained with 0.2 %
crystal violet. Plaque morphology was observed after washing the plate
with tap water.

2.6. Indirect inmunofluorescence assay

BSR cells were infected (MOI = 1) with the P5 SVA for 12 h, and then
fixed with 4% paraformaldehyde for 30 min. After fixation, cells were
washed four times with PBS, and then permeated with 0.4 % Triton X-
100 for 30 min. After permeation, cells were washed three times with
PBS and blocked in blocking solution at 37 °C for 1 h. Subsequently, cells
were incubated with the anti-VP1 monoclonal antibody at 37 °C for 2 h,
washed three times with PBS, and incubated with the Alexa Fluor® 488
conjugate (Thermo Fisher, Waltham, MA, USA) at 37 °C for 1 h. Cells
were washed three times with PBS, coated with 90 % glycerin, and
visualized under the fluorescence microscope.

2.7. Mass spectrometry

The P5 SVA in culture supernatant was inactivated by 0.1 % formalin
at 4 °C for 48 h, and subsequently subjected to mass spectrometry (MS) at
the Shanghai Bioprofile Biotechnology Co., Ltd (Shanghai, China).
Briefly, protein digestion was performed with a method of filter-aided
sample preparation, as described previously (Wisniewski et al., 2009).
Liquid chromatography linked to tandem mass spectrometry
(LC-MS/MS) was performed on a Q Exactive Plus mass spectrometer that
was coupled to Easy nLC (Thermo Fisher, Waltham, MA, USA). The MS
data were analyzed using MaxQuant software v1.6.0.16. The database
search results were filtered and exported with <1 % false discovery rate at
peptide-spectrum-matched level, and protein level, respectively.

2.8. Serial passages of SVA for NGS

The rescued SVA was serially passaged in BSR cells for eighty pas-
sages (Fig. 1G), approximately 24 h/passage. The culture supernatants
of SVA at the P10, P20, P30, P40, P50, P60, P70 and P80 were inde-
pendently harvested for extracting viral RNA as described in Subheading
2.4. A total of eight RNA samples were separately reverse transcribed
using the 1st Strand cDNA Synthesis Kit (Takara, Dalian, China) and
random hexamers, according to the manufacturer’s instruction. The
Illumina sequencing and library construction were performed at the
Shanghai Tanpu Biotechnology Co., Ltd (Shanghai, China). In brief, the
NEBNext® Ultra™ II RNA Library Prep Kit (NEB, Ipswich, MA, USA) was
used for library construction. After adapter ligation, ten cycles of PCR
amplification were performed for sequencing target enrichment. The
libraries were pooled at equal molar ratio, denatured and diluted to
optimal concentration prior to sequencing. The Illumina NovaSeq 6000
(Illumina, San Diego, CA, USA) was used for sequencing to generate
pair-end 150 bp reads.

2.9. Processing and analysis of NGS data

Raw reads were filtered by fastp (https://github.com/OpenG
ene/fastp) to remove sequencing adapters and low-quality reads,
including those reads scored <Q20. Ribosomal RNAs and host reads
subtraction by read-mapping were performed with BBMap program
(https://github.com/BiolnfoTools/BBMap). De novo genome assembly
was performed using SPAdes v3.14.1 (https://github.com/abl
ab/spades), as described previously (Nurk et al, 2013). These
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Table 1
SVA-specific peptide sequences matching to tandem mass spectrometry (MS/
MS) spectra.

Matching peptide sequences

S7SFNEYQIR®*
130GGLAGLLTNFSGILNPLGYLKDHNTEEMENSADR!®*
400EGATTDPEITFSVR*!®
484IPTLMAFGR*%?
972V[VHSVQQTWR®!
1116ASPVLQYQLEMK! %7
1182QTSAQRVEPVVVVLRGK! %8
1312INYDLTLEVSEAYK!3%

1413y L,TPAAVDEALVDLAPEADPVGR 4%
1482 A pRSENAYDGPKK! %4
1750pEFEPAVLSKFDPR!7%%

1. SSSPSEKVRI 890

2033T ALALTYK204O

extracted assembled scaffolds limited the minimum contig length to 100
bases, with the best BLAST hits to the NCBI nucleotide database.

High-quality filtered reads were mapped against the SVA reference
genome (GenBank: KX751945.1) by Burrows-Wheeler Aligner v0.7.17
(http://bio-bwa.sourceforge.net/), which also generated BAM file to
calculate the mapping depth and coverage. Single-nucleotide poly-
morphisms (SNPs) were identified using an integrated software package,
Snippy v4.4.5 (https://github.com/tseemann/snippy), which included
both substitutions and insertions/deletions. The available SNP results
were selected if mapping quality was > 60 and depth was >10.
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3. Results
3.1. SVA was rescued from its cDNA clone

The SVA cDNA clone was schematically shown in Fig. 1A. The Not I-
linearized cDNA clone was purified to transfect BSR cells for rescuing
the PO SVA. The cDNA-transfected cell culture was subjected to one
freeze-and-thaw cycle at 72 hpt, and the supernatant was collected for
serial blind passages. SVA-induced cytopathic effects (CPEs) were
invisible until the third blind passage.

3.2. RT-PCR confirmed recovery of SVA

Total RNA of the P5 virus was analyzed by the F1/R1-based RT-PCR.
The F1/R1 primer-targeted sites were shown in Fig. 1A. One product
was loaded into two sample wells. Expected bands of 693-bp amplicon
appeared only on the RT-PCR lanes (Fig. 1B, Lane RT-PCR). The PCR
control (Fig. 1B, Lane PCR) indicated no cDNA residues affecting the RT-
PCR analysis. The Sanger sequencing revealed the RT-PCR product
identical to the 693-bp sequence.

3.3. SVA induced plaque formation and cytopathic effect

SVA-induced plaque morphology was determined by the plaque
assay. Plaque formations were morphologically intact on the BSR cell
monolayer at 72 hpi (Fig. 1C). The plaque diameter ranged 3-4 mm. The
P6 SVA could induce typical CPEs on the BSR cell monolayer at 24 hpi
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Fig. 2. Depth and coverage of next-generation sequencing for each SVA sample at different passage. The P20 and P50 show the lowest (495x) and highest (5272 x)

average sequencing depths, respectively.
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Fig. 3. Schematic representations of SVA CH-LX-01-2016 genome and polyprotein. Each red arrowhead illustrates a site either between two adjacent genes or
between a UTR and a gene (A). *Either of potential sites (Hales et al., 2008). Each green arrowhead illustrates a site between two adjacent proteins. Two black
arrowheads separately mark the first and the last amino acids in the polyprotein (B). *Either of potential sites (Hales et al., 2008) (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article).

(Fig. 1D), such as cell rounding, lysis and detachment from flask.

3.4. IFA and MS showed VP1 and polyprotein expressions, respectively

The IFA was performed for assessing VP1 expression of the P5 SVA
using anti-VP1 monoclonal antibody and Alexa Fluor® 488 conjugate.
Green fluorescence was visible on the SVA- but not non-infected cell
monolayer (Fig. 1E), demonstrating the VP1 expression in cells. Poly-
protein expression by the P5 SVA was confirmed further by MS. A total
of thirteen SVA-specific peptide sequences matched to the MS/MS
spectra (Table 1), out of which one representative was shown in Fig. 1F.

3.5. NGS yielded analyzable sequencing depth and coverage

SVA-induced robust CPEs, like cell rounding, lysis and detachment
(Fig. 1H), could appear as early as 24 hpi, or even earlier, during eighty
serial passages (Fig. 1G). Eight (P10, P20, P30, P40, P50, P60, P70 and
P80) total RNA samples were extracted for the NGS, yielding analyzable
sequencing depth and coverage (Fig. 2 and Supplementary Table 1).
Their average depths were 905, 495, 716, 3046, 5272, 2587, 3122 and
3140x, respectively. All eight samples remained a high (>99.8 %)
coverage range across the full reference sequence (GenBank:
KX751945.1). Uncovered and low-depth regions were only located at
the 5'- and 3’-end regions of the SVA genome.

3.6. Forty-one SNVs arose with 80 serial passages

The full-length sequence of SVA CH-LX-01-2016 genome was sche-
matically illustrated in Fig. 3A. The NGS analyses showed that neither
sequence-deleting nor -inserting phenotype was detectable in eight
progenies, within which a total of forty-one SNVs arose with passaging.
Fig. 4A and B showed absolute and relative sequencing depths for all
SNVs at each passage, respectively. All SNV profiles with serial passages
were shown in Fig. 5. Except three-nucleotide coexistence at nt 5494
(P40) and nt 7284 (P50), almost all SNVs were identified as a SNP with
mixture of two nucleotides. All SNVs could be classified into seven main
types (Table 2), described as follows.

The 5’ and 3’ UTRs separately exhibited two SNVs: T133C (5’ UTR),
AS58T (5’ UTR), A7283G (3' UTR) and A7284G (3’ UTR), out of which the
last three were identified with low-depth NGS data. Other SNVs were
located in the single long ORF of polyprotein precursor. Some SNV sites,
such as C1363T, C1670T and G3297A, appeared at a given passage,
would be maintained for dozens of passages, but finally reverted back to
their original statuses with viral passaging. In contrast, nt 734, 1435 and
1954 gradually underwent the single-nucleotide substitution from an
earlier passage to P80, and consequently three original nucleotides, “G”
(nt 734), “A” (nt 1435) and “G” (nt 1954), were almost totally replaced

with “A”, “G” and “A” at P80, respectively. Four site mutations arose as
early as P10, whereas many others, e.g., T3317C and T3741G, did not
appear until P80. There were a few low-frequency point mutations, like
A1727C and G2494C, occurring once only at a single passage. Four
major sites, nt 4900, 4948, 5493 and 5796, gradually revealed SNPs
with relatively equal nucleotide compositions with passaging.

3.7. SNVs caused 18 single amino acid mutations

The full-length amino acid (aa) sequence of SVA CH-LX-01-2016 was
schematically illustrated in Fig. 3B. Thirty-seven SNVs in SVA poly-
protein ORF led to eighteen amino acid positions with nonsynonymous
mutation, out of which sixteen directly showed their own mutation
frequencies, due to only one SNV occurring in their individual codons
(Fig. 6). The other two mutation positions, aa 1411 (Fig. 6, G1411?) and
1609 (Fig. 6, D1609?), owing to separately harboring two SNVs (Fig. 6,
4899 nt©-4900 nt® and 5493 nt®-5494 nt®), possibly showed a
phenotype characterized by coexistence of multiple amino acid muta-
tions. For example, two adjacent SNVs (G4899A-G4900C) might cause
the coexistence of three mutated amino acids (G1411A, G1411S and
G1411T) at aa 1411. Except aa 1411 and 1609, other sixteen positions
independently showed identical mutation frequencies to those of their
SNVs. Out of twelve SVA polypeptides, the L, VP2, VP3, VP1, 2B, 2C, 3A
and 3C separately showed at least one nonsynonymous mutation; the
VP4 and 3D simply showed silent mutations; the 2A and 3B had neither
nonsynonymous nor silent mutation.

4. Discussion

SVA was an emerging virus that recently affected numerous pig
farms in China (Qian et al., 2016; Sun et al., 2018; Wang et al., 2017;
Zhu et al., 2017). The SVA CH-LX-01-2016 was a China isolate (Zhao
etal., 2017), whose reverse genetics system was developed in this study.
Using this system, we had previously rescued two reporter-tagged re-
combinant SVAs (Liu et al., 2020a, c). Recovery of the competent SVA
from its cDNA clone was identified by RT-PCR and IFA. The former
showed a typical positive result (Fig. 1B), whereas the latter only
exhibited weak fluorescence emitting from the SVA-infected cell
monolayer (Fig. 1E). In order to confirm the expression of SVA poly-
protein, the inactivated P5 SVA was analyzed by the MS, which showed
a total of thirteen SVA-specific peptide sequences that matched to the
MS/MS spectra (Table 1). The purified P6 virion or, less probably,
procapsid (Strauss et al., 2018), revealed a sphere-like shape under our
observation by transmission electron microscopy (Liu et al., 2020b), but
not shown in the present study. SVA-induced robust CPEs could even
appear as early as 24 hpi after the rescued SVA underwent five serial
passages, indicating that it adapted gradually to consecutive passages in
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Table 2
Seven types of single nucleotide variations in SVA genome during viral
passaging.

Types  Characteristics Representatives ~ Passages
AS8T P70 and P80
1 Relatively low sequencing depth A7283G P10 to P80
A7284G P10 to P80
C1363T P20 to P40
1 Reverting back to original status C1670T P20 to P40
G3297A P10 to P30
G734A P40 to P80
I Almost totally replaced at P80 A1435G P40 to P80
G1954A P20 to P80
. G3297A P10 to P30
v Appearing as early as P10 G5493T P10 to P8O
. . . T3317C P80
A Unidentified until P80 T3741G SO
. A1727C P40
VI Low-frequency and occurring once G2494C P30
VI Relatively equal nucleotide G4900C P70 and P80
compositions C4948G P40 to P80
vitro.

Most RNA viruses are genetically unstable during replication, owing
to the low fidelity properties of their RdRps (Coffey et al., 2011; Jin
et al., 2011; Sierra et al., 2000; Steinhauer et al., 1992; Ward et al.,
1988). Error-prone replication is a major factor to generate RNA viruses’
quasispecies in their progenies. An accurate estimate of mutation events
is crucial to understand the evolutionary mechanism of a given RNA
virus. Although conventional Sanger sequencing is still the gold stan-
dard for determining viral mutations, its time- and labor-consuming
operations with limited sensitivity greatly reduce its applicability to
large-scale studies of viral quasispecies. The NGS as an alternative
method, capable of generating a large dataset to identify each mutation
sites in viral genomes, hence has been used for analyzing and quanti-
fying the exceptionally-high diversity of viral quasispecies (Huang et al.,
2019; Lu et al., 2020).

In this study, in order to analyze its quasispecies diversity, the
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rescued SVA was serially passaged in BSR cells for eighty passages. The
reason why we used one rescued SVA, rather than another isolate, was
that the former, recovered from its cDNA clone, contained no any mu-
tations at PO. Nevertheless, any of isolates is not characterized by such a
genotype at PO, regardless of whether it has been purified. Point mu-
tations are theoretically restricted only in a few sites during the first
several passages. Indeed, we found only four SNVs at P10, whereas the
P20 showed twelve additional ones in viral genome, implying that the
P20 progeny had begun to form viral quasispecies. Out of all forty-one
SNVs, the G5493T was a unique one that always existed as an SNP
phenotype during P10 and P80. The nt 5493 gradually underwent
nucleotide substitution with serial passaging (Fig. 5). Its adjacent posi-
tion, nt 5494, also exhibited an SNP status since P40 (Fig. 5), at which,
interestingly, three nucleotides (A, C and G) coexisted. Because nt 5493,
5494 and 5495 jointly formed a codon, the G5493T and A5494G/C
possibly led to the coexistence of five mutated amino acids (G, A, Y, C
and S) at a single position at P40. However, the mutation frequency
could not be determined for each mutant.

It has been widely confirmed that the low fidelity of RdRp leads to
high mutation rates in RNA viruses (Andino and Domingo, 2015; Bor-
deria et al., 2016). Li et al. (2019) recently demonstrated that a single
amino acid mutation (S460L) in SVA (HLJ/CHA/2016) 3DP* could
significantly enhance the fidelity of RARp (Li et al., 2019). In the present
study, we used the CH-LX-01-2016 sequence as a backbone to rescue the
wild-type SVA. The position 460 in its 3DP° is a leucine in itself, and
therefore the SVA in this study is theoretically a high-fidelity strain,
according to the conclusion of Li et al. (2019) (Li et al., 2019). In our
other studies, we also used the CH-LX-01-2016 sequence as a backbone
to construct two reporter-tagged recombinant SVAs, rSVA-eGFP (Liu
et al., 2020a) and rSVA-NLuc (Liu et al., 2020c). Both recombinants,
albeit theoretically characterized by high-fidelity replication in vitro,
were prone to losing their foreign sequences. We found that the
rSVA-eGFP was more likely to do so than the rSVA-NLuc, possibly
attributed to a longer non-self sequence in the former. Unfortunately, we
did not rescue another recombinant SVA with modification of L460S in
the 3DP°! for comparing its genetic fidelity with that of wild-type SVA,
rSVA-eGFP or rSVA-NLuc.

Sometimes we found that typical clinical signs could not be
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reproduced after experimental infection with some SVA strains that had
even been isolated from diseased pigs. Therefore, the CH-LX-01-2016
strain, albeit isolated from a diseased pig, was not necessarily a high-
virulence strain. Although a challenge experiment was not performed
in pigs for determining the virulence of rescued SVA CH-LX-01-2016, we
found that neither Balb/c nor Kunming mice showed clinical signs after
intramuscular, subcutaneous or intraperitoneal injection with the P5
SVA (data not shown). Quasispecies diversity of RNA viruses has been
demonstrated to affect possibly the pathogenic potential of a given viral
population (Ciota et al., 2007; Jerzak et al., 2007; Korboukh et al., 2014;
Markussen et al., 2013; Meng et al., 2015). In general, viral virulence in
animals can be progressively attenuated with virus consecutive passages
in vitro (Liu et al., 2016). Thus, the P80 SVA was most probably a
virulence-attenuated strain, irrespective of its original virulence at the
first several passages.
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