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Summary

Rotavirus C (RVC) causes enteric disease in multiple species, including humans, swine, bovines,
and canines. To date, the evolutionary relationships of RVC populations circulating in different
host species are poorly understood, owing to the low availability of genetic sequence data. To
address this gap, we sequenced 45 RVC complete genomes from swine samples collected in the
United States and Mexico. A phylogenetic analysis of each genome segment indicates that RvVC
populations have been evolving independently in human, swine, canine, and bovine hosts for at
least the last century, with inter-species transmission events occurring deep in the phylogenetic
tree, and none in the last 100 years. Bovine and canine RVC populations clustered together 9 of
the 11 gene segments, indicating a shared common ancestor centuries ago. The evolutionary
relationships of RVC in humans and swine were more complex, due to the extensive genetic
diversity and multiple RVC clades identified in pigs, which were not structured geographically.
Topological differences between trees inferred for different genome segments occurred frequently,
including at nodes deep in the tree, indicating that RVC’s evolutionary history includes multiple
reassortment events that occurred a long time ago. Overall, we find that RVC is evolving within
host-defined lineages, but the evolutionary history of RVC is more complex than previously
recognized due to the high genetic diversity of RVC in swine, with a common ancestor dating back
centuries. Pigs may act as a reservoir host for RVC, and a source of the lineages identified in other
species, including humans, but additional sequencing is needed to understand the full diversity of
this understudied pathogen across multiple host species.
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Introduction

Rotaviruses (RVs) are a major cause of severe gastroenteritis in humans and animals.
Globally, most children are exposed to rotaviruses by age five, resulting in over half a
million deaths each year (Sadiq, Bostan, Yinda, Naseem, & Sattar, 2018). In pigs, RVs are
prevalent in young piglets, causing significant mortality and economic impact through loss
of production. RVs, of the family Reoviridae, are non-enveloped double-stranded RNA
viruses with a genome consisting of 11 segments that code for six structural proteins (VP1-
VP4, VP6-VP7) and five or six non-structural proteins (NSP1-NSP5/NSP6) (Estes &
Greenberg, 2013). RVs are categorized into eight phylogenetically distinct species (RVA-
RVH), based on the inner capsid protein (VP6) (Matthijnssens et al., 2012). Recently, two
putative new RV species | and J were identified (Banyai et al., 2017; Mihalov-Kovacs et al.,
2015). RVA, RVB, and RVC are found in mammals, including humans, swine, and cattle. Of
all the RV species, RVA is the most important causative agent of diarrhea in humans, and the
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genetic diversity of RVA has been well characterized by the outer capsid proteins VP7 and
VP4 defined as G and P genotypes, respectively (Estes & Greenberg, 2013). Inter-species
transmission events of RVA between animals and humans have been well documented and
contribute to the genetic diversity of RVA found in humans (Matthijnssens & Van Ranst,
2012). The virus’s segmented genome provides another mechanism for rapid evolution, as
entire segments can be exchanged via reassortment.

Rotavirus C (RVC) was first detected in 1980 in a pig in Ohio, US (Saif, Bohl, Theil, Cross,
& House, 1980), and subsequently in humans, cattle, ferrets, and recently in dogs (Chang,
Nielsen, Ward, & Saif, 1999; Gabbay et al., 2008; T. Mawatari et al., 2004; Otto, Schulze, &
Herbst, 1999; Torres-Medina, 1987). RVC in pigs is globally distributed, and associated with
epidemic cases of diarrhea (Collins, Martella, & O’Shea, 2008; Jeong et al., 2015; Martella
et al., 2007; Marthaler et al., 2013). RVC infections have been associated with acute diarrhea
in children and adults in multiple countries (Supplemental Table 1). Notably, two diverse
lineages of VVP3 have been identified in humans, and human VP6 lineage was identified in
swine, providing possible evidence of reassortment of viruses from animal and human
reservoirs (Kattoor et al., 2017; Yamamoto et al., 2011). Serological typing of RVC is
limited, owing to the difficulty of cultivating RVC strains in cell culture, and RVC genotypes
are determined by sequence data (Fujii et al., 2000; Jeong et al., 2015; Marthaler et al.,
2013; Moutelikova, Prodelalova, & Dufkova, 2013; Saif, Terrett, Miller, & Cross, 1988;
Soma et al., 2013; Suzuki, Hasebe, Miyazaki, & Tsunemitsu, 2014; Tsunemitsu et al., 1991).
At the time of this study, the availability of whole-genome sequence (WGS) data for RVC is
limited for all hosts: swine (n = 1), canine (n = 1), bovine (n = 7), and human (n = 13)
(Baek, Than, Kim, Lim, & Kim, 2013; Chen, Lambden, Lau, Caul, & Clarke, 2002; Doan et
al., 2016; Marton et al., 2016; Takahiro Mawatari, Hirano, Tsunemitsu, & Suzuki, 2014;
Soma et al., 2013; Yamamoto et al., 2011; Zhirakovskaia et al., 2016).

To address this gap in available RVC WGS data, we sequenced the complete genomes of 45
RVC samples collected from swine in the USA and Mexico (Supplement Table 2) and
conducted a phylogenetic analysis including all available RVC sequence data from GenBank
and the Virus Pathogen Resource (ViPR). We find that RVC consists of multiple host-
specific lineages that have evolved independently, including multiple genetically diverse
swine lineages with evidence of multiple reassortment events that occurred deep in the
evolutionary history of the virus.

Material and methods

Sample collection and sequencing.

The University of Minnesota Veterinary Diagnostic Laboratory routinely receives swine
enteric samples to determine the etiological agents of porcine diseases. Samples were
determined to be positive for RVC using a previously described real time RT-PCR method
(Homwong, Diaz, Rossow, Ciarlet, & Marthaler, 2016; Marthaler et al., 2014). A total of 64
samples were collected from 16 US states and Mexico between January 2012 and May 2012
and were selected for complete genome sequencing, using primers and thermal cycling
conditions as previously described (Yamamoto et al., 2011). Primers were multiplexed to
reduce the number of PCR reactions (n = 4) per sample; VP1 and VP4; VP2 and VP3; VP7,
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VP6 and NSP4; NSP1-NSP3 and NSP5. The amplicons were visualized in an agarose gel.
The 4 PCR reactions per sample were combined into a single tube and purified using the
MinElute PCR Purification kit (Qiagen). The cDNA was submitted to the University of
Minnesota Genomic Center for library preparation and sequencing, using the paired 150
Nextera XT Dual Index Kit for a single run on the Illumina MiSeq platform. In total, from
64 porcine samples, we generated complete WGS for 45 RVC samples and partial genome
sequences for 19 RVC samples for which primers failed to amplify every gene segment.

Read processing and genome assembly.

The lllumina paired-end reads were trimmed, and the adapters and primer sequences were
removed, using Trimmomatic software with a sliding window of 4 and a quality value cutoff
of 16 (Bolger, Lohse, & Usadel, 2014). Reads to swine and various bacterial organisms were
mapped and removed using Bowtie2 (Supplemental Material 1) (Langmead & Salzberg,
2012). The number and percentage of RVC, swine, bacterial, and other reads were estimated
using Kraken, composed of a custom database containing all the viral sequences, reference
bacterial genomes, swine, human, corn, and soybean genomes from GenBank (Supplemental
Table 2) (Knutson, Velayudhan, & Marthaler, 2017; Wood & Salzberg, 2014).> Each RVC
gene segment was assembled using the A5 assembly software utilizing the IDBA-UD de
novo assembler (Tritt, Eisen, Facciotti, & Darling, 2012). Once the RVC genome sequences
were assembled, NCBI Blastn was used to identify the RVC gene segments from the contigs
generated by the assembly program. After the assembly process, the sequences were
trimmed to start from the open reading frame (ORF) for each segment. The sequences were
deposited into GenBank and assigned the following accession nhumbers: MG451081-
MG451801. If more than one lineage was identified by de novo assembly, the sequences
were arbitrary labeled with the strain name followed by a hyphen and 2, 3 or 4, depending
on the number of sequences per sample since determining the relationship of multiple gene
segments within a sample is not feasible, and A5 may not identify multiple gene within
the same lineage due to the assembly algorithm within the program. Approximately
27.7% (19/64) of the samples identified gene segments from multiple lineages
(Supplemental Table 3).

Gene segment analysis

The newly generated sequences were aligned with all publicly available RVC gene segments
from Virus Pathogen Resource (ViPR) and GenBank, downloaded on July 315t, 2015, with
80% of the ORF or above for each gene segments (Supplemental Table 4) using MAFFT
algorithm available in Geneious (v7.1.2). Recombination was examined for each alignment
using the Recombination Detection Program (RDP) v4 (Martin, Murrell, Golden, Khoosal,
& Mubhire, 2015). There was no evidence of recombination for viruses newly generated for
this study. Four previously published strains (KOR/06-144-2, P1; KOR/07-109-12, P4;
KOR/2478, P7; and KOR/07-74-11, P7;) were identified as recombinants (Jeong et al.,
2015) and removed from the Bayesian analysis. We have also updated our datasets with all
publicly available RVC gene segments from Virus Pathogen Resource (ViPR) and GenBank,
downloaded on August 7th, 2018, with 80% of the ORF or above for each gene segments
(Supplemental Table 4) using MAFFT algorithm available in Geneious (v7.1.2).
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Phylogenetic analysis.

The Bayesian framework based on Markov chain Monte Carlo (MCMC) was used to infer a
time-scaled phylogeny for each of the RVC gene segments, using BEAST v1.8.4
(Drummond, Nicholls, Rodrigo, & Solomon, 2002; Drummond, Rambaut, Shapiro, &
Pybus, 2005; Drummond, Suchard, Xie, & Rambaut, 2012; Drummond & Rambaut, 2007;
Drummond & Suchard, 2010). A general-time reversible (GTR) model of nucleotide
substitution with gamma distribution among-site rate variation was applied using a relaxed
molecular clock and Bayesian Skygrid population prior (Gill et al., 2013). At least 3 MCMC
chains were run for 200 million generations each, with sub-sampling every 20,000 iterations
since we observed limited temporal signal in the data using TempEst, with correlations in
the order of 1071 to 1072. A maximum clade credibility (MCC) tree was created for each
segment after discarding the first 10% of the chains and summarized in TreeAnnotator
(v1.8.4). FigTree (v1.4.3) was used to visualize the tree topologies and key parameters. We
also inferred maximum likelihood (ML) trees for the updated dataset using RAXML v7.2.6
(Stamatakis, 2006) with a general time-reversible (GTR) model of nucleotide substitution
and gamma-distributed (T) rate variation among sites. To assess the robustness of each node,
a 500 replicates bootstrap resampling process was performed.

Genetic distance between host clades.

To evaluate genetic divergence between viruses belonging to different host clades of RVC,
we estimated the pairwise distance (p-distance) using MEGA v 7.0.2, with 1st+2nd+3rd
+non-coding codon positions included and all positions with less than 50% site coverage
were eliminated. We calculated the average percentage of genetic similarity [(1-p distance)
x100] between clades Bovine, Canine, Human, and Swine clades for the VP7 and VP4 in
Figure 1 (Kumar, Stecher, & Tamura, 2016).

Selection analysis.

Results

Positive selective pressure was assessed using relative rates of non-synonymous and
synonymous nucleotide substitutions (d\/aS). We used multiple selection algorithms in
Datamokey, including the single-likelihood ancestor counting (SLAC), the fixed effects
likelihood (FEL) and the mixed effects model of evolution (MEME) (Delport, Poon, Frost,
& Kosakovsky Pond, 2010). Considering the variability between the different computational
methods in determining positive selection, only sites verified by all three methods were
considered under true positive selection. The analysis was carried out using nucleotide
alignments containing all sequences in our data set, as well as specifically for the three-host
species for which sufficient data was available (porcine, bovine, and human).

RVC evolves independently in multiple host species.

The evolutionary history of RVC was reconstructed for each of the eleven segments of the
RVC genome, using the Bayesian platform implemented in BEAST to infer MCC trees
(Supplementary Figure 1). The time-structured MCC trees inferred for each genome
segment indicate long-term circulation of RVC as independent lineages in multiple
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mammalian species, with little evidence of inter-species transmission, at least in the last
hundred years. Whereas RVC populations found in bovine and human hosts tend to be
monophyletic, multiple highly divergent lineages of RVC were identified in swine as a result
of the increased sampling of porcine strains provided by this study. For example, five highly
genetically divergent clades of swine viruses were observed on the VVP7 tree (Figure 1 and
Table 1). These clades diverged from each other centuries -- possibly millennia -- ago. As a
result, some porcine RVC segments share less than a 70% nucleotide identity (Table 2 and
Figure 1).

Considerably less genetic diversity was observed among bovine RVCs (>90% genetic
similarity for all segments except VP4, Table 2). However, sequences from bovine hosts
were only available from Japan (2003—-2010) and may not represent the global genetic
diversity. Similarly, relatively low genetic diversity was observed among human RVCs, with
>90% genetic similarity for all segments except VP3 and NSP4. Human samples were
available from multiple countries in Asia and Europe from 1988-2013, and are more likely
to be representative of the global diversity of RVC in humans. However, additional RvVC
populations may be circulating in humans in certain geographical areas that could not be
characterized in our study due to the paucity of sequence data, which emphasizes the need of
additional sampling from other continents. The time to most recent common ancestor
(tMRCA) of the human RVC population fell within the twentieth century for most segments
(Figure 2), and it is possible that RVC has emerged more recently in humans. On the VP3
tree, two highly divergent clades of human viruses were identified that share only 83%
genetic similarity, as observed previously (Yamamoto et al., 2011). One clade contains
viruses collected from humans during 2001-2013 in Asia and Europe; the second clade
contains viruses collected from humans during 1988-2010, also from Asia and Europe.
These two human clades shared a common ancestor hundreds of years ago, and one clade
may represent a separate introduction into humans from an animal reservoir, possibly swine
as suggested by the evolutionary relationship displayed in the tree.

We also looked at the genetic similarity among different host clades, particularly for VP7
and VP4, as defined in Figure 1. For VP7, we noticed that Swinel and Swine2 clades are
equally close to Human (82%), but have diverged independently, sharing only 80% of their
genetic signature (Table 3). For VP4, the highest genetic similarity is shared between the
Bovine and Canine clades (76% and 77.50% in \VP7), as well as between Swine 2 and Swine
3, and Swine 3 and Swine 4 clades (76%) (Table 4). Despite these clades sharing some
degree of genetic similarity, the older tMRCAs along with the lower values of genetic
similarity are an indication that these divergence processes took place a long time ago. We
have also investigated the phylogenetic relationships of an updated dataset using ML trees
(Supplementary Figure 2), and observed similar topologies to those estimated in BEAST,
and to a lesser extent for VP4 and VP6. These results reassure that the initial reconstructions
represent an accurate representation of RVC evolutionary dynamics.

Deep evolutionary history of reassortment and inter-species transmission with RVC.

Certain topological patterns were conserved across trees, including the position of bovine
and canine clades as sister lineages for all segments except NSP4 and NSP5 (Figure 1).
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Human viruses also were monophyletic on all trees except for VP3. This may be an
oversimplification since understanding the evolutionary history of RVC is complicated by
the variable positions of swine viruses in the trees inferred by each gene segment. The swine
RVC population was monophyletic for only four of the eleven segments (VP1, NSP4 and
NSP5). Up to six highly divergent swine lineages were identified on the VP4 and VP7 trees.
These swine lineages were not structured geographically, consistent with long-term
circulation in swine hosts (Figure 3 and Supplementary Figure 3). These topological
differences are an indication of past reassortment, in which entire genome segments are
exchanged between viruses during a co-infection event, producing viruses with segments
with different evolutionary histories, and possibly inter-species transmission events that
occurred deep in the evolutionary history of these lineages (Figure 1). The extensive genetic
diversity observed in swine is consistent with swine being a reservoir host and a possible
source of viruses in other host species, including humans. Human and swine lineages often
were grouped together on the phylogeny of numerous RV gene segments (VP1, VP2, VP3,
VP6, VP7, and NSP2). However, human viruses were positioned basally to all lineages from
other hosts on four trees (VP4, NSP1, NSP4, and NSP5) (Figure 3 and Supplementary
Figure 2). Without additional sampling, it not possible to determine directionality of RVC
transmission between swine and humans.

Similar evolutionary rates and selection for RVC.

Additional phylogenies inferred for each host-specific lineage revealed no consistent
differences in evolutionary rates among human, swine, and bovine lineages (Supplemental
Table 5). Rates of RVC evolution varied across segments of the viral genome, ranging from
1.81 x 1074 substitutions/site/year (95% Highest Posterior Density (HPD) interval: 9.92 x
1075 - 2.91 x 1074) for NSP4 to 1.46 x 1073 substitutions/site/year (95% HPD: 9.90 x 1074 -
1.96 x 1073) for NSP3, the fastest evolving segment (Table 5 and Figure 2). Eleven sites
spanning six genome segments were identified as under positive selection in swine (Table 6).
However, the regions of positive selection did not correspond with significant antigenic
regions in the VVP7 protein (Eren, Zamuda, & Patton, 2016).

Discussion

RVC has been greatly undersampled to date, despite the economic importance of RVC in
animals and its capacity to infect humans (Tuanthap et al., 2018). While the real time RT-
PCR specifically detects porcine strains, the sequencing primers, initially designed for
human strains (Yamamoto et al., 2011), did not identify human lineages of RVC and failed
to amplify some gene segments in a few porcine RVC strains. However, this study revealed
extensive genetic diversity circulating in pigs in the United States and globally, including
lineages that diverged hundreds of years ago. We observed a lack of geographical clustering
per lineage, which may be a product of several factors, including the long evolutionary
relationships of RVC lineages, viral reassortment events, global live swine trade, and
passenger air flow.

The extent of RVC diversity identified in US swine has important implications for pathogen
control, including the development of porcine RVC vaccines. Although RVC is not
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considered a clinically important pathogen for human infant mortality due to its milder
sporadic and outbreak cases (Bhat et al., 2018; Meleg et al., 2008; Moon et al., 2011), our
analysis revealed that the pathogen has been established as an independent lineage in
humans for decades, at least, and remains undersampled, as exposed by extremely long
branch lengths in the trees. At this time, it is not possible to determine whether the multitude
of independently evolving swine lineages arose from viral diversification within pigs,
accruing diversity gradually over centuries, or via multiple independent viral introductions
into pigs from other RVC hosts that have not been sampled. Although it is clear that RvVC
exists today as multiple highly divergent host-specific lineages, the lack of RVC sampling in
both known and unknown hosts presents an inherent limitation in our analysis, and it is
difficult to ascertain the origins of these lineages, or when RVC was introduced from one
species to another.

Additional sequence data is also needed to determine if pigs are a major RVC reservoir and a
source of RVC for humans and other hosts. The recent identification of human VP6 lineage
in swine suggests reverse zoonosis or spill over event from humans to swine (Supplemental
Figure 4 (Kattoor et al., 2017). The likelihood that many species infected with RVC remain
unidentified was recently underscored by the discovery of RVC in canines. RVA has been
detected in a diverse range of host species, including humans, pigs, cows, cats, dogs, horses,
birds, rabbits, camelids, and a variety of zoo animals (Badaracco et al., 2013; Banyai et al.,
2005; Baumeister, Castro, McGuire-Rodgers, & Ramsay, 1983; Browning, Chalmers,
Fitzgerald, & Snodgrass, 1991; Chandler-Bostock et al., 2014; De Grazia et al., 2007;
German et al., 2015; Rohwedder, Schiitz, Minamoto, & Briissow, 1995). It is possible that
certain rotavirus groups are better at adapting to multiple host species than others, and this
question requires additional sampling from multiple species and for non-A rotavirus groups.

The estimated evolutionary rates for RVC had greater variation (1.81 x 1074 to 1.46 x 1073)
than those estimated for RVA G1P[8] (6.5 — 10 x107%) (Zeller et al., 2012). In Zellar’s RVA
study, NSP1 and NSP4 had the highest evolutionary rates, whereas in our RVC dataset NSP3
had the highest evolutionary rate among all segments, and NSP1 had the second highest,
which is interesting since the RVC and RVA proteins have similar protein motifs (Langland,
Pettiford, Jiang, & Jacobs, 1994). Limited research has been conducted on the RVC proteins
compared to RVA’s proteins. Additionally, RVC’s VVP7 appears to be evolving at
approximately half the speed of RVA’s VVP7, which may be a contributor to RVA’s higher
prevalence and transmissibility (Matthijnssens et al., 2010; Trang et al., 2012; Zeller et al.,
2015).

Ultimately, understanding the evolutionary dynamics of RVC in humans and other
susceptible animal species is crucial to design better health interventions to minimize the
potential impact of RVC strains. However, it is clear that additional whole genome
sequences for all host species from a greater geographical range will provide more insight
into the spatio-temporal patterns of RVC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Impacts
. RVC strains are limited to host-defined lineages.
. Lineages were not geographically defined indicating RVC strains have a long
evolutionary history.
. Porcine RVC strains are genetically more diverse than RVC strains found in

the other mammalian species.
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Figure 1. MCC trees inferred for 11 dsRNA segments of RVC genome.
Clades of viruses from host are shaded as follows: swine — blue, bovine — green, canine —

orange and human — purple. MCC tree is time-scaled, and posterior probabilities for key

nodes are provided.
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Figure 2. Divergence dates for each RVC host.
The time to the Most Recent Common Ancestor (tMRCA) is provided for each RVC host

and for each segment of the RVC genome. A tMRCA is not provided for canines because
only one canine sequence was available for this analysis. Circles represent the date of
divergence (mean), and error bars represent the 95% HPD. Each estimate is shaded
according to the host of origin, similar to Figure 1. tMRCA not showed for swine and human
NSP4 and for swine VVP7 due to uninformative estimate (95% HPD range > 1,000 years).
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Figure 3. Detailed phylogeny of VP7 capsid.
Time-scaled Bayesian MCC tree of 301 VP7 sequences, similar to Figure 1. Clades are

shaded by host, similar to Figure 1. Clades of viruses from the same host also are labeled by
location. Posterior probabilities for key nodes are provided.
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Estimated times to the Most Recent Common Ancestor (tMRCA (years, 95% HPD)) in human, swine, and

bovine hosts

Gene Segment

Human (years)

Swine (years)

Bovine (years)

(1862.66 — 1976.12)

(1496.03 — 1914.99)

VP7 1907.32 t 1886.02
(1845.94 — 1956.63) (1803.69 — 1948.18)
VP4 1970.79 1299.09 1853.36
(1963.57 — 1976.94) | (1080.16 — 1495.86) | (1789.07 - 1909.18)
VPG 1963.45 1379.22 1972
(1947.49 - 1976.61) | (1045.84 — 1640.54) | (1954.69 — 1986.41)
VPl 1952.59 1815.95 1954.46
(1926.01 - 1974.33) | (1710.37 - 1902.59) | (1930.03 - 1974.77)
VP2 1964.49 1603.29 1971.01
(195150 - 1975.58) | (1472.08 - 1740.19) | (1959.42 - 1980.61)
VP3 1721.04 1721.04 1961.46
(1542.54 - 1864.66) | (1542.54 — 1864.66) | (1935.14 - 1981.99)
NSP1 1969.98 147554 1972.01
(1954.81 - 1982.83) | (1261.86 — 1698.18) | (1953.35-1983.77)
NSP2 1949.83 1571.21 1954.54
(1912.24 -1977.39) | (1228.78 - 1780.01) | (1915.45 - 1981.25)
NSP3 1976.38 1683.97 1976.02
(1966.52 — 1984.70) | (1551.31 - 1805.11) | (1962.24 — 1987.80)
NSP4 t t 1703.61
(1465.05 — 1878.10)
NSP5 1933.06 1756.71 1946.62

(1885.25 — 1986.38)
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Genetic similarity (of most divergent pair of strains for each host) for RVC in human, swine, and bovine hosts

Gene Segment

Human (% nucleotide identity, 95%
HPD

Swine (% nucleotide identity, 95%
HPD

Bovine (% nucleotide identity, 95%
HPD

VP7 93.07-100 69.05-100 90.96-100
VP4 95.09-100 70.01-100 83.51-100
VP6 95.87-100 79.50-100 95.11-100
VP1 92.37-100 85.78-100 92.87-100
VP2 94.27-100 78.40-100 95.04-99.77
VP3 83.42-100 83.02-100 93.49-100
NSP1 92.28-100 69.04-100 91.94-100
NSP2 93.59-100 80.77-100 94.44-100
NSP3 92.37-100 74.05-100 92.87-100
NSP4 70.38-100 78.40-100 91.90-100
NSP5 91.59-100 83.02-100 94.44-100
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Table 3.

Genetic similarity (percentage) between pairs of host lineages for VP7.

VP7 Lineages | Bovine | Canine | Human | Swinel | Swine2 | Swine3 | Swine4 | Swine5
Bovine -
Canine 77.50 -
Human 73.60 76.00 -
Swine 1 73.00 76.00 -
Swine 2 73.00 76.00 80.00 -
Swine 3 75.00 77.00 78.00 76.00 76.00 -
Swine 4 72.00 74.00 73.00 74.00 73.00 73.00 -
Swine 5 75.00 77.00 76.00 75.00 76.00 74.00 78.00 -

Gradient indicates increase in percentage of genetic similarity, from green (lowest), to yellow, to red (highest).
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Table 4.

Genetic similarity (percentage) between pairs of host lineages for VP4,

VP4 Lineages | Bovine | Canine | Human | Swinel | Swine2 | Swine3 | Swine4 | Swine5 | Swine 6
Bovine -
Canine - -
Human 71.00 71.00 -
Swine 1 74.00 73.00 70.00 -
Swine 2 75.00 74.00 71.00 73.00 -
Swine 3 75.00 74.00 71.00 74.00 -
Swine 4 74.00 73.00 70.00 74.00 74.00 -
Swine 5 74.00 74.00 72.00 74.00 74.00 74.00 74.00 -
Swine 6 73.00 73.00 70.00 72.00 72.00 73.00 73.00 74.00 -

Gradient indicates increase in percentage of genetic similarity, from green (lowest), to yellow, to red (highest).
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Table 5.

Evolutionary rate for each RVC segment.

Gene Segment

Evolutionary Rate (substitutions/site/year)
(95% HPD interval)

VP7 439 x 107 (2.28 x 1074 - 6.81 x 1074
VP4 9.31 x 107 (7.10 x 104 — 1.16 x 1073)
VP6 6.70 x 107 (4.29 x 104 — 9.38 x 1074
VPl 7.31x 107 (4.13 x 104 - 1.08 x 1073)
VP2 7.71x 107 (5.68 x 104 —1.01 x 1073)
VP3 9.63 x 107 (5.02 x 104 — 1.52 x 1073)
NSP1 119 x 1073 (7.94 x 1074 - 1.71 x 103)
NSP2 7.87 x 107 (3.93 x 104 - 1.17 x 1073)
NSP3 1.46 x 1073 (9.90 x 1074 — 1.96 x 1073)
NSP4 1.81 x 1074 (9.92 x 105 - 2.91 x 1074
NSP5 6.95 x 107 (2.32 x 1074 — 1.24 x 1073)
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Positively selected sites in the RVC genome.

Gene Segment All Host Swine
VP7 10 10
VP2 None 127
VP3 216, 645,691 | 9, 300, 645, 691
NSP1 386 386
NSP4 None 70
NSP5 130, 131 130, 131, 132
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