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ARTICLE INFO ABSTRACT

Article history: Porcine group A rotavirus (RVA) strain P343 (RVA/Pig-tc/THA/P343/1991/G10P[5]) was
Rece‘llved .29 Ju!.y 2014 suggested to have VP7 and VP4 genes of bovine origin. In order to obtain precise
Received in revised form 23 September 2014 information on the exact origin and evolution of this unusual porcine strain, the remaining

Accepted 25 September 2014 nine genes (VP6, VP1-3, and NSP1-5) of strain P343 were sequenced and analyzed in the

- present study. On whole genomic analysis, strain P343 was found to have a bovine RVA-
Keywords: . like genotype constellation (G10-P[5]-12-R2-C2-M2-A3-N2-T6-E2-H3) different from
Group A rotavirus . . . . .

Whole genomic analysis those of typical porcine RVA strains. Furthermore, on phylogenetic analysis, each of the
Bovine-to-porcine interspecies transmis- 11 genes of strain P3.43 appearec} to be of bovine qrigin. Thfarefore, strain P343 was
sion suggested to be a bovine RVA strain that was transmitted to pigs.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction mortality, treatment costs, and reduced weight gain
(Martella et al,, 2010; Papp et al., 2013). The RVA virion

Group A rotavirus (RVA), a member of the Reoviridae is a triple-layered, non-enveloped icosahedron enclosing
family, is the leading etiological agent of infantile severe an 11-segment genome of double-stranded (ds)RNA
gastroenteritis in both humans and many animal species (Estes and Greenberg, 2013). RVA has two outer capsid
worldwide. RVA is one of the most frequently detected proteins, VP7 and VP4, which are implicated indepen-
viral agents associated with diarrhea affecting piglets dently in neutralization, and define the G and P genotypes,
between 1 and 8 weeks of age (Saif et al., 1996). RVA has respectively. To date, RVAs have been classified into at
also been detected in non-diarrheic piglets (Collins et al., least 27 G and 37 P genotypes (Matthijnssens et al., 2011;
2010). RVA infection of pigs has an important economic ~ Trojnar et al., 2013). Among them, some specific G and P
impact on the farming industry due to increased genotypes are dominant in individual animal species

(Martella et al,, 2010; Papp et al,, 2013). In porcine RVAs,
G3-5,G9, and G11 for G genotypes, and P[6] and P[7] for P
genotypes are considered as major genotypes. In addition,

* Corresponding author. Tel.: +81 562 93 2486; fax: +81 562 93 2649. several G genotvpes (G1. G2. G6. G8 G10. G12. and G26
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hitp://dx.doiorg/ 10,1016/ .vetmic.2014.09.033
0378-1135/© 2014 Elsevier B.V. All rights reserved.
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and P genotypes (P[5], P[8], P[11], P[13], P[14], P[19],
P[23], P[26], P[27], P[32], and P[34]) have been detected
sporadically in pigs. Bovine RVAs are assigned mostly to
G6, G8, and G10, and P[1], P[5], and P[11], though strains
assigned to G1-3, G5, and G11, and P[3], P[6], P[7], and
P[14] have been detected sporadically in cattle. Recently,a
classification system based on genetic characterization of
all the 11 gene segments was proposed for RVAs with the
aim of facilitating tracing of the origins and evolution of
RVAs (Matthijnssens et al,, 2008).

Genetic diversity of RVAs is mainly governed by four
mechanisms; point mutations, reassortment, rearrange-
ment, and intragenic recombination (Ghosh et al., 2011a).
An additional important evolutionary mechanism is direct
interspecies transmission, occurring when an RVA strain
can infect a heterologous host species (Papp et al., 2613).

Porcine RVA strain P343 (RVA/Pig-tc/THA/P343/1991/
G10P[5]) was detected in a diarrheic stool sample collected
from a piglet in Thailand in 1991, and isolated in the
MA104 cell line (Pongsuwanna et al., 1996). Nucleotide
sequencing of the partial genome (VP7 and VP4 genes),
RNA-RNA hybridization, and serological studies suggested
a bovine origin of strain P343 (Pongsuwanna et al,, 1996).
However, whole genomic analysis of an RVA strain is
essential for obtaining precise information on its origin and
evolution (Ghosh and Kobayashi, 2011a; Matthijnssens
et al., 2008, 2011). Therefore, the full-length nucleotide
sequences of the remaining nine gene segments (VP6, VP1-
3, and NSP1-5) of strain P343 were determined and
analyzed in the present study. Moreover, in this study,
deep sequencing with the next generation sequencing
(NGS) llumina MiSeq platform was carried out to obtain
the complete nucleotide sequence of the whole genome of
strain P343.

2. Materials and methods

Viral dsRNAs of porcine RVA strain P343 were extracted
from the cell cultures using a QlAamp Viral RNA Mini Kit
(Qiagen). Preparation of a cDNA library and Illumina MiSeq
sequencing were performed as reported previously (Den-
nis et al,, 2014). Briefly, a 200 bp fragment library ligated
with bar-coded adapters was constructed using an
NEBNext Ultra RNA Library Prep Kit for Illumina v1.2
(New England Biolabs) according to the manufacturer’s
instructions. Library purification was done using Agen-
court AMPure XP magnetic beads (Beckman Coulter).
Nucleotide sequencing was performed on an Illumina
MiSeq sequencer (Illumina) using a MiSeq Reagent Kit v2
(Ilumina) to generate 151 paired-end reads. Data analysis
was carried out using CLC Genomics Workbench v7.0.3
(CLC Bio). Contigs were assembled from the obtained
sequence reads by de novo assembly. Using the assembled
contigs as query sequences, the Basic Local Alignment
Search Tool (BLAST) non-redundant nucleotide database
was searched to obtain the full-length nucleotide sequence
of each gene segment of strain P343. The genotype of each
viral gene segment was determined using the RataC v2.0
automated genotyping tool (http://rotac.regatools.be/)
(Maes et al.,, 2009) according to the guidelines proposed
by the Rotavirus Classification Working Group. Sequence

comparisons were carried out as described previously
(Komoto et al,, 2013, 2014). Briefly, multiple alignment of
each viral gene was performed using CLUSTAL W (Thomp-
son et al., 1994). Phylogenetic trees were constructed using
the Kimura-2 substitution model and the Neighbor-joining
method (Saitou and Nei, 1987) using MEGA6.06 (Tamura
et al.,, 2013). The reliability of the branching order was
estimated from 1000 bootstrap replicates (Felsenstein,
1985). The DDBJ and EMBL/GenBank accession numbers
for the nucleotide sequences of the VP1-4, VP6-7, and NSP1-
5 genes of strain P343 determined in this study are
AB972856-AB972866, respectively.

3. Results and discussion

The NGS Illlumina MiSeq platform was used to determine
the nucleotide sequences of the VP6, VP1-3, and NSP1-5
genes of an unusual porcine RVA strain P343. The whole
genome of strain P343 was amplified using a sequence-
independent primer set and sequenced successfully. Illu-
mina MiSeq sequencing yielded 2.1 x 10° reads (~141bp
average length) for strain P343. Complete or nearly
complete nucleotide sequences of the nine segments of
strain P343 could be obtained. Moreover, complete nucleo-
tide sequences of the VP7 and VP4 genes of strain P343 were
also obtained by Illumina MiSeq sequencing, and found to
contain 21 and 20 substitutions, respectively, resulting in
seven amino acid changes in their open reading frames, in
the previously reported sequences of the VP7 and VP4 genes
of strain P343 (Pongsuwanna et al,, 1996) (data not shown).
These relatively high numbers of nucleotide substitution
might have resulted from the presumable genetic hetero-
geneity of strain P343 as a group of quasispecies and/or the
point mutations that accumulated during passaging of
strain P343 in cell culture after the sequencing process in the
previous study (Pongsuwanna et al,, 1996). Although the
nucleotide sequences of the nine genes (VP6, VP1-3, and
NSP1-5) of strains P343 were not analyzed in the previous
study, the relatively high numbers of nucleotide change
might have also occurred in these gene segments. Therefore,
in the present study, we performed whole genomic analysis
of strain P343 using the nucleotide sequences of all 11 gene
segments obtained from NGS deep sequencing data.

The VP7 and VP4 genes of porcine strain P343 were
assigned to G10 and P[5], respectively, as determined
previously (Pongsuwanna et al,, 1996) (Table 1). The VP6,
VP1-3, and NSP1-5 genes of strain P343 were assigned to
the 12, R2, C2, M2, A3, N2, T6, E2, and H3 genotypes,
respectively (Table 1). Comparison of the complete
genotype constellation of strain P343 (G10-P[5]-I12-R2-
C2-M2-A3-N2-T6-E2-H3) with those of typical porcine,
bovine, and other mammalian strains is shown in
Table 1. Although most gene segments (VP6, VP1-3,
NSP2, and NSP4) belonged to DS-1-like genotypes, the
NSP1, NSP3, and NSP5 genotypes (A3, T6, and H3,
respectively) are those commonly found in bovine and
bovine-like strains (Matthijnssens et al., 2008). Strain P343
was found to share the same constellation (12-R2-C2-M2-
A3-N2-T6-E2-H3) of the VP6, VP1-3, and NSP1-5 geno-
types with bovine strains (NCDV (G6P[1]), RF (G6P[1]),
1603 (G6P[5]), WC3 (G6P[5]), SI-B17 (G6P[11]), 1604
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