>
Totr i

Accepted Manuscript

Infection, Genetics
and Evolution

Metagenomic identification, genetic characterization and
genotyping of porcine sapoviruses

Jingjiao Li, Wen Zhang, Li Cui, Quan Shen, Xiuguo Hua

PII: S1567-1348(18)30213-2

DOI: doi:10.1016/j.meegid.2018.04.034
Reference: MEEGID 3500

To appear in: Infection, Genetics and Evolution
Received date: 13 October 2017

Revised date: 30 March 2018

Accepted date: 25 April 2018

Please cite this article as: Jingjiao Li, Wen Zhang, Li Cui, Quan Shen, Xiuguo Hua
, Metagenomic identification, genetic characterization and genotyping of porcine
sapoviruses. The address for the corresponding author was captured as affiliation for all
authors. Please check if appropriate. Meegid(2018), doi:10.1016/j.meegid.2018.04.034

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.


https://doi.org/10.1016/j.meegid.2018.04.034
https://doi.org/10.1016/j.meegid.2018.04.034

Metagenomic identification, genetic characterization and genotyping of porcine

sapoviruses

Jingjiao Lit, Wen Zhang?, Li Cui*, Quan Shen®", Xiuguo Hua®
1. School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai
200240, China

2. School of Medicine, Jiangsu University, Zhenjiang 212013, China

*Corresponding author

E-mail addresses:

JJL: lijingjia0c2015SJTU@sjtu.edu.cn;
WZ: z0216wen@yahoo.com;

LC: lcui@sjtu.edu.cn;

QS: shenquanfly@ yahoo.com;
XGH: hxg@sjtu.edu.cn



Abstract

Sapoviruses (SaVs), belonging to the genus Sapovirus of the family Caliciviridae,
were known as the enteric pathogen causing acute gastroenteritis. SaVs have been
detected in humans and several animals including pigs and some porcine SaVs
showed close sequence relationship with human strains suggesting the possibility of
interspecies transmission. Here, we sequenced the genomes of two porcine SaVs
(with strain names of p38 and SH1703) using the metagenomic analyses and
traditional RT-PCR methods. Phylogenetic trees were constructed based on the
complete genome, the full-length VP 1 nucleotide and amino acid sequences to group
those two strains. The two porcine SaV strains, p38 and SH1703, detected in this
study, were classified as genogroup Il and genogroup VII, respectively. These two
strains showed similar genomic organization with that of other SaVs. We firstly
divided SaVs into 51 genotypes within 19 genogroups. Our data are helpful for

genetic characterization and classification of newly detected SaVs worldwide.
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Introduction

Sapoviruses (SaVs) belong to the genus Sapovirus within the family Caliciviridae.
The SaV genome is a linear, positive sense and single stranded RNA of 7.1-7.7 kb
with a polyadenylated tail at the 3’ terminus. The SaVs genome contains two or three
open reading frames (ORFs). ORF 1 is predicted to encode seven nonstructural
proteins (NSs) (NS1, NS2, NS3 (2C-like NTPase), NS4, NS5 (VPg) and NS6-NS7
(fused 3C-like protease-3D-like RNA-dependent RNA polymerase))[1-3] and the
major capsid protein VP1. ORF2 encodes the minor structural protein VP2.

Based on the complete VP1 amino acid sequences, SaVs could be divided into 19
genogroups (GI- GXIX)[4-7] and some porcine SaVs were clustered into genogroup
V and showed highly genetically homologous to human ones[5]. The porcine SaV
was firstly detected in the United States by electron microscopy in 1980 and the
complete genome of this strain was sequenced and genetically characterized as a
sapovirus in 1999[8, 9]. At the beginning of the study, there were 49 complete
genomes of SaVs available in GenBank database, including 29 human SaVs, 15
porcine SaVs, 3 bat SaVs, 1 canine SaV and 1 sea lion SaV, however, only porcine
Glll isolates with entire genome were reported in China.

In the present study, based on the metagenomic analyses and traditional RT-PCR
method, we characterized the nearly full genome of a porcine GIIl SaV which is
divergent from the other reported GllII strains and the complete genome of a porcine
GVII SaV which s firstly reported in China.

Methods

Fecal Specimens

Two fecal samples were collected from diarrheic pigs and were detected in different
farms and different years, i.e., sample 1 from a 42-day-old pig on 2017 Mar and
sample 2 was collected from a 75-day-old pig on 2015 NoV. Stool samples were
suspended in 500-1000 1 Dulbecco’s Phosphate Buffered Saline without Mg?* and
Ca®* (Gibco, USA) vigorously vortexed and centrifuged at 10,000 g at 4 °C for 5
minutes. The supernatant was treated with Antibiotics (Gibco, USA) for 1 hour and



fittered through 0.45-um filter (Millipore, USA) to remove bacteria and eukaryote.
Metagenomic analyses

The supernatant was then treated with a cocktail of DNase (Turbo DNase(Ambion),
Baseline-ZERO (Epicetre) and benzonase (Novagen)) and RNase (Fermentas) to
digest unprotected nucleotide at 37 °C for 90 minutes. Viral nucleic acids were
extracted using QlAamp viral RNA extraction kit (Qiagen, USA) according to the
manufacture’s instruction. Then cDNA synthesis was performed as described
previously[10]. Briefly, each viral nucleic acid pool was subjected to RT reaction
using SuperScript 111 reverse transcriptase (Invitrogen, USA) and random hexamer
primers followed by a single round of DNA synthesis with Klenow fragment
polymerase (New England BioLabs). Then two libraries were constructed using the
Nextera XT DNA Sample Preparation kit (Illumina) and sequenced using the MiSeq
IHlumina platform with 250 bp paired ends with a different tag for each pool and
performed for bioinformatics analyses.

RT-PCR

To amplify the fragments (Fig. 1C) of strain p38, cDNA synthesis was exactly
followed the protocols of Thermo Scientific RevertAid First Strand cDNA Synthesis
Kit (Thermo, USA) with 1 ul random hexamer primer supplied by the kit. Then,
semi-nested PCRs were performed using the PrimeSTAR HS or GXL DNA
polymerase (Takara, Japan). Specific primers were designed based on the assembled
contigs of p38 from the library except for 38-1F which was designed based on the
reference strain ah-1(GenBank accession number: JX678943) (Table 1). A final
volume of 50 pl of'the reaction mixture contained 10 plof 5x PrimeSTAR GXL buffer,
4 ul of ANTPs (2.5 mM each), 1 pl of forward primer (10 pmol/ul), 1 ul of reverse
primer (10 pmol/ul), 1 ul PrimeSTAR GXL DN A polymerase (1.25 U/ul) and 2 pl of
cDNA or the first round of PCR products. PCR were performed at 98°C for 1 min
followed by 30 cycles of 98 “C for 10 sec, 55 ‘C for 15 sec and 68 “C for 10 sec/kb,
and a final extension at 68 “C for 7 min.

To amplify the 3’end of the two SaVs genome (indicated as 3’ end in Fig. 1B and Fig.
1D), p38 and SH1703 cDNA was synthetized using the modified oligo dT primer,
Qr[11] (Table 1). Then, nested PCRs were performed with the gene specific forward



primers designed based on the assembled region from the corresponding library and
Qo (Table 1) for the primary PCR and Q, (Table 1) for the secondary PCR, using the
PrimeSTAR HS or GXL polymerase (Takara, Japan) and the conditions were identical
as described above.

To amplify the 5’ terminal nt sequences of p38 and SH1703 genomes (marked as 5’
end in Fig. 1 B and Fig. 1D), cDNA were synthesized using TaKaRa SMARTer
RACE 5°/3” kit (TaKaRa, Japan) with 5°-CDS Primer A supplied by the kit and
extended with the SMARTer A Oligonucleotide tail at the 3’ end by the SMARTScribe
Reverse Transcriptase. 5° RACE were performed by nested PCR: Long primer
(forward primer, complementary to the 3° ¢cDNA tail) and corresponding reverse
primers SUTR-W (Fig. 1B and Fig. 1D and Table 1) for the first PCR and Short
primer (22 nt of 5’ end of Long primer) and corresponding reverse primers SUTR-N
for the second PCR. PCR were performed with SegAmp DNA polymerase according
to the instruction of the Kit.

Cloning and sequencing

All the PCR products were separated by agarose gel electrophoresis, purified using
OMEGA Gel kit (OMEGA, USA) and cloned into the pMD19-T vector (Takara,
Japan) or pEASY-Blunt Zero vector (Transgen, China) for sequencing by primer
walking using universal M13+/- primers. For each product, at least three clones
should be selected for sequencing. Sequences editing and assembly were performed
by Lasergene v 8.1 (DNASTAR, Inc.).

Phylogenetic analyses and genotyping

Homologous hits of every sequence were carried out using the Basic Local Alignment
Search Tool (BLAST, https://blast.ncbi.nlm.nih.gov/Blast.cgi). ClustalWW v 2.1 was
employed to perform the pairwise and multiple alignment for all the nucleotide and
amino acid sequences. The construction of Maximum Likelihood trees of SaVs with
1000 bootstrap replicates and calculation of pairwise distances of complete VP1
nucleotide sequences were performed in MEGA version 5[5].

Nucleotide sequence accession numbers

The SaV nucleotide sequences determined in this study have been deposited in
GenBank under accession numbers MF766258 for SH1703/GVII and MF766259 for



p38/GlII.

Results

Genomic analyses of strain SH1703

Viral metagenomic analysis indicated that sample 1 was positive for porcine SaV and
included 12642 SaV (designed SH1703) sequences reads generating a long contig of
6872 bp lacking the UTR sequences of the genome (Fig. 1Aand 1B and Table 2). And
the co-infection viruses and their reads percentages were listed in Table 2.

Then we successfully got the complete genomic sequences of strain SH1703 (Fig. 1A
and Fig. 2). The entire RNA genome of strain SH1703 was 7184 bp excluding its poly
(A) tail. The nucleotide composition of the full genome is A (24.33%), C (25.90%), U
(23.82%), G (25.95%) with an overall C+G content of 51.85% (which was lower than
that of 53.11% of strain K7). The 5°’-UTR has 9 bases long starting with “GTG”.
Similar to the genomes of other SaVs, the SH1703 genome was predicted to have two
ORFs. ORF 1 contained 6612 bases (nt 10-6621) and was translated a 2203-aa
polyprotein included the putative capsid protein VP 1 (56 kDa). ORF 2, consisting of
507 bases (nt 6618-7124), has 4 bases overlapping with ORF 1(Fig. 1A) and was
predicted to encode a 168-aa protein, VP 2 (Fig. 1A).

The phylogenetic tree based on the multiple alignment of the complete genome of 50
human and animal SaVs showed that SH1703 was clustered closely to GVII (Fig. 2
and Table 4). SH1703 shared 63.6%-64.1% nt identity with the complete genome
sequence of available GVII strains RvV0042 and K7. In order to determine whether
SH1703 formed a separate cluster, the Maximum Likelihood tree was constructed
based on the complete VP1 nucleotide sequences. SH1703 shared 62.4%-82.2% nt
identities compared with the available GVII strains and it was closely related to the
Korean strain DO19 (88.1% aa identities) (Fig. 3).

The first five amino acids of the putative NS 1 of SH1703 were “MAAC”, with the
forth M clearly different from the available GVII strains (K7 and RV0042,
MAA(V/T)C). The five amino acids of the putative cleavage site of RdRp and VP 1
were “YVME/G” (slash indicating the putative cleavage site) and this region was
same with one GVII strain WGP247/KC309421 and one GIX strain



WG214C/KC309418[5]. The characteristic aa motifs conserved among SaVs[5, 7]
were shown in Table 3 and only minor deviations were observed in strain SH1703
compared with p38: in the VPg motif (D@EY@E), the second and third D was
replaced with E and Q, respectively (Table 3), in the RdRp motif (VVKL), the G was
replaced by D which was same with GXI porcine SaVs (Table 3) and motif
(DYSDST), the K was substituted by Q. There were also seven highly conserved
regions among all the reported available porcine SaVs: NTPase motif
DH(Y/H)DXYTG, WDE(F/Y)D, LNCD, AFXRR and DXSHL; RdRp motif
RLLWG(C/A)D and FLKR (data not shown).

Genomic analyses of strain p38

Viral metagenomic analysis indicated that sample 2 was positive for porcine SaV and
contained 21 SaV sequences reads (named p38) covering 8 different contigs (Table 2
and Fig. 1D). We got the nearly complete genome of strain p38 (7305nt), lacking the
18 bp of'the 5° end of the genome (aligned to other GllII strains available in GenBank
database). We got the 5” UTR of strain SH1703 and p2 (GenBank no. KX688107) but
we failed 5° RACE of p38 which may due to the low titer of virus. Same as the
reported SaV strains, ORF2 of strain p38 overlapped its first four bases, ATGA, with
the 3’ end of ORF1.

Strain p38 was clustered into a separate cluster based on the analyses of entire VP1 nt
sequences and showed genetically divergent from the other GlII strains (Fig. 3). The
VP2 region (164 aa) was the same in length as in two USA strains (Cowden and LL14)
and slightly shorter than other five Chinese strains (171-172 aa).

Aligned with the available reported SaV GllI strains, the five amino acids (FVMEA)
surrounding the putative cleavage site between RdRp and VP1 were strongly
conserved among the reported seven GlII strains[1, 5]. This new determined strain
p38 had typical identified conserved amino acid motifs of NS3 (GPPGIGKT), NS5
(KGKNK and DDEYDE), NS6 (GDCG), NS7 (WKGL, KDEL, DYSKWDST,
GLPSG and YGDD) and VP1 (PPG and GWS) (Table 3), which were considered as
highly conserved among SaVs[5, 12].

Genotyping of SaVs

The Maximum Likelihood tree was constructed based on the entire VP1 nucleotide



sequences of 137 SaV representative strains covering genogroup Gl — GXIX (Fig.
3)[5, 7, 13] and the genetic pairwise distances were calculated using the Tamura-Nei
method (Fig. 4). Genotyping numbers are updated based on the VP1 nt pairwise
distances compared to those of already established genotypes.

SaVs were divided into 19 genogroups and 51 genotypes, among which pig SaVs
were classified into 8 genogroups (GllI, GV-GXI) (Table 4). The genotypes numbers
were assigned consecutively and showed definitely in Fig. 3.

Phylogenetic distances based on the nucleotide alignments showed that distances
between p38 and other GllI strains were 0.157-0.222 and the intra-cluster distances of
genogroup Il were 0.000-0.234 (Fig. 4). Although strain p38 showed a little divergent
from the other reported Gl strains and formed a separate cluster, we proposed that
GlII strains were placed into a single genotype.

To investigate whether genogroup VII was classified into different genotypes, we
compared the intra- and inter-cluster distances between the 137 published SaV VP1
nucleotide sequences. The distance between DO19 and SH1703 was 0.203 and the
distances between SH1703 with any other strains of GVII were 0.333-0.543 which
were significantly longer than any of the inter-cluster distances (0.031-0.270) of the
already established 7 clusters of Gl SaVs. Based on the calculated distances
(0.333-0.588) among the inter-cluster strains of genogroup VII, they were classified
into six sub-clusters. So we deduced that genogroup GVII could be divided into 6
genotypes and SH1703 represented a separate genetic cluster with strain DO19 and
was tentatively named as GVIL5 (Fig. 3).

Besides, based on the critical nomenclature system of SaVs and comparison of the
137 SaVs, we tentatively proposed that the rat SaV isolation NYC-B2 clustered into
GII.9 because the distances between NYC-B2 and all the other GII strains were
0.511-0.580. Considered that the distances between WG194D-1 with the other
reported four genotypes of GV were 0.350-0.582 which is significantly longer than
the intra- cluster distances (0.013-0.077) of GV, WG194D-1 may form a new cluster
of genogroup V, GV.5. Ishi-Im9 grouped significantly further from other GVI strains,
with a distance of 0.396-0.417, so we proposed that Ishi-Im9 represented a new
genotype of GVI, GVI.2 (Fig. 3). WG214D formed separate from other GVIII strains



(with distances of 0.499-0.549) and represented as a new genetic cluster within
genogroup VIII of porcine SaV. There were also two separate clusters of GX (Fig. 3)
and the inter-cluster distances were 0.327-0.339 which was significantly longer than
the distances of established GI.1 intra-cluster distances (0.003-0.084) (Fig. 3 and Fig.
4). So we recommended that GX could be divided into two genotypes, GX.1 and
GX.2(Fig.3). Distances based on nt alignments between 2053P4 or HgYal-2 with
other GXI strains were 0.426-475 and 0.426-467, respectively. The intra-cluster
distances of the three strains (HgTa2-2-2, Ishi-Im7-3 and HgYal-3) were 0.177-0.233.
These data supported that GXI were clustered into three genotypes (Fig. 3). Although
there were only two strains or two clusters of genogroups GIX, GXVII, GXVIII and
GXIX, the distances of these two strains/clusters (0.504, 0.399, 0.312 and 0.374) were
significantly longer than intra-cluster distances (0.011-0.030) of formed GI1.8 SaVs,
we assigned the four genogroups classified into two clusters (Fig.3 and Table 4).
Discussion

Sapoviruses were known as an important etiological agent associated with human and
pig gastroenteritis[14-17]. Identification of some animal SaVs genetically related to
human strains has raised awareness of the possibility of SaV interspecies
transmission[7, 18, 19]. Here, we reported the nearly full genome of a porcine Glll
strain and the complete genome of GVII strain detected in China and analyzed the
genetic characterization of these two strains with other database available SaVs. Both
of the two strains contain two ORFs and there were 4 bases of ORF 2 overlapping
with ORF 1. ORF 1 encoded a polyprotein putatively processed into seven
nonstructural (NS) proteins (NS1, NS2, NS3, NS4, NS5 and NS6-NS7) and the major
structural protein VP1[1, 3, 20, 21]. The functions of protease and polymerase have
been shown in vitro, but the biological functions of the other SaVs NS proteins have
not been experimentally determined[22, 23]. However, these two strains have the
identified typical conserved SaV motifs: NTPase motif (GPPGIGKT), VPg motif
(GDCG), RdRp motif (KDEL, GLPSG, YGDD) and VP1motif (GWS) (Table 3).
Besides, the G+C content of the newly described porcine SaVs falls in the typical
G+C range of the genus of Sapovirus (49.0%-60.1%).

SaVs have been analyzed for classification based on partial RNA-dependent RNA



polymerase (RdRp) or partial VP1 region[4, 6, 24-26]. Oka et al. proposed that
sapovirus classification based on the complete capsid nucleotide sequences and
human strains were clustered into 4 genogroups(Gl, GllI, GIV and GV)[13]. Lastly,
Oka et al. suggested that human and animals SaVs could be divided into 15
genogroups based on available VP 1 amino acid sequences[5]. Then, Yinda et al.
proposed additional four genogroups (in total 19 genogroups)[7]. In the current study,
SaVs were analyzed based on the complete VP 1 nucleotide sequences and classified
these 19 genogroups into 51 genotypes. SaV Gl were sub-clustered into seven
genotypes (GI.1 to GI.7) consistent with the previous study[12, 13, 27]. We proposed
rat SaV strain NYC-B2 was designed in genotype GII.9 and GII could be divided into
nine genotypes (GlI.1 to GI1.9) and based on the same criteria, we also nhamed a new
genotype of GV: GV.5[5, 25, 28] (the representative strain WG194D-1 shown in Fig.
3). In our study, based on the distances aligned among the 137 SaV strains, we firstly
designed that GVII were clustered into six genotypes and SH1703 belonged to
genotype GVII.5 (Fig. 3 and Table 4). and GXI could be divided into three genotypes
based on the VP 1 nt pairwise distances. In addition, these genogroups, GVI,
GVIII-GX and GXVII-GXIX, were clustered into two genotypes (Fig. 3 and Table 4).
The other genogroups (GllI, GIV, GXII-GXVI) were placed into a single genotype
(Fig. 3 and Table 4). Distances for genotyping nomenclature in our study correlated
well with the SaV genotyping criteria (the statistically defined cutoff values for
genotyping were 0.201-0.560) proposed by Oka et al.[13]. More data will be needed
to test and prove the classification criteria of SaVs.

SaVs have been detected from many mammalian species, including human and seven
kinds of animals (pigs, mink, dogs, sea lions, bats, chimpanzees and rats)[5, 7, 25,
29].However, the ability of SaVs transmitted between humans and animals is still
unknown[5, 7, 12]. Until now, human SaVs were clustered into genogroup I, II, IV
and V based on the analyses of complete VP1 amino acid sequences, compared with
the available data from the GenBank database[5, 13] (Fig. 3). Whereas porcine SaVs
showed highly phylogenetically divergent and were clustered into almost eight
genoroups (GlII, GV-GXI)[5] (Fig. 3). Especially, some porcine SaVs shared 66-78%

VP1 aa identities with human GV strains and were clustered into the same genogroup



GVI5, 24] (Fig. 2 and Fig.3). Given that pigs were living in close to human, the
authors proposed the possibility of pig as the reservoir for human SaVs or vice versa
and suggested that there might have a cross-species transmission of these viruses. It is
urgent to understand the replication and pathogenicity of SaVs to prevent their harm
to humans, especially younger ones.

Since the discovery of porcine SaVs identified in 1980 in United States[8], porcine
SaVs infection has been reported around the world in recent years, including
China[15, 16, 30, 31]. However, at the beginning of the study, only genogroup 111 was
detected in China[15, 32]. In the present study, we reported two strains detected from
diarrheic pigs and phylogenetic analyses indicated that they were clustered into GllI
and GVII, respectively. The GllII strain p38 showed divergent from previous reported
Chinese strains and was closely clustered with two Japanese strains (85% VP 1 aa
identities). To the best of our knowledge, this is the first report that GVII was detected
in China and formed a separate cluster with one Korea strain (Fig. 3).

In conclusion, based on the metagenomic analyses and traditional RT-PCR, we
determined one GIII porcine SaV which is divergent from the other reported GllI
strains and one GVII porcine SaV which is firstly reported in China, to enrich the
epidemiological data of SaVs. We also proposed that SaV's could be classified into 51
genotypes within 19 genogroups based on the analyses of complete VP1 nt sequences
which will be useful for genetic features and molecular classification of SaV data

comparison worldwide.
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Figure 1. Diagram of putative genomic organization of the newly determined porcine
SaVs SH1703 (A) and p38 (C) strains. Both of the two stains were a linear, positive
sense and single stranded RNA with a poly A tail at the 3’ end, encoding two ORFs.
Genome sequences of SaVs, SH1703(B) and p38(D) were determined by de novo
assembly of Illumina MiSeq sequences (indicated by black line), 5> RACE (indicated
by green square), 3’RACE (indicated by green square) and primer-walking RT-PCR
(indicated by blue square) as described in the text.

Figure 2. Phylogenetic tree of the complete genome of 50 SaVs was constructed
using MEGA 5. All the reported porcine SaVs were highlighted, the newly determined
in this study marked in yellow and the other porcine SaVs from GenBank database
marked in blue, covering five genogroups: GlII, GV-GVIII. Each SaV strain is
indicated in the following format: GenBank accession number - strain name - species

- area.

Figure 3. Phylogenetic tree with 1000 bootstrap replicates based on the complete VP1
nucleotide sequences of 137 SaVs strains. The two newly identified SaVs strains
(SH1703/MF766258 and p38/MF766259) are marked by yellow highlight and the
newly proposed genotypes of each genogroup is indicated by red square (named based

on the order of their discovery). Each SaV strain is presented as the following format:



GenBank accession number - strain name - species.

Figure 4 Pairwise distances of complete VVP1 nucleotide sequences between intra-

(yellow marked) and inter-genogroup (green marked) of SaVs

Table 1 Primers for amplifying the complete genome of porcine SaV SH1703 and p38

Table 2 Summary of samples in this study and SaV contigs identified in each sample

obtained from deep sequencing

Table 3 Conversed motifs of predicted proteins of porcine SaVs

Table 4 Summary of relationship of genogroup, genotype, and no. of complete

genome from different species
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Table 1

Primer name Primer sequence (5°-3) Position
SH1703 1703-5UTR-W GTACAGAT GTAATAGAACCCACAAAGG 939-965
1703-5UTR-N CAAGAT CT GCAGACT GAAGTGAATATC 893-919
1703-3UTR-W CCCAAT GGGAAT TCGAGGGG 6580-6599
1703-3UTR-N TGTTTTGAACGGT TTGGGGC 6632-6651
p38 38-1F GT GAT CGT GATGGCTAATTGC 1-22
38-2RW GCAGTTGTTGTGCCGTTGTT 3466-3485
38-2RN TTGTAGTGTCCCAACTGCCC 3414-3433
38-3F ACTACAACCACTCGCGT GAC 3427-3446
38-4RW GTCATTGATTTGCCCT GTGGC 5272-5292
38-4RN GCATTGTACGTTGCCACTGC 5053-5072
38-5F AGT GTTCGTGATGGAGGCAC 5130-5149
38-6RW CCACT T GGT CCAATGAGGGG 6724-6743
38-6RN CAGAGTTGTTGCCTGTGTGC 6480-6499
38-5UTR-W CCAACCCAAGAT GT GCGCGAGCCACG 692-717
38-5UTR-N GGGCGCT AT CCGGCACACATTCCCAC 492-517
38-3UTR-W CAGGCCCAGATACAGTTGGC 6888-6907
38-3UTR-N GGCCAAAGACCAGT TGAAGC 6905-6924
5RACE Longprimer CTAATACGACT CACTATAGGGCAAGCAGT GGTAT CAACGCAGAGT Supplied by the kit
Short primer CTAATACGACT CACTATAGGGC
3RACE Qr CCAGT GAGCAGAGT GACGAGGAC TCGAGCT CAAGCT 17 [11]
Qo CCAGT GAGCAGAGT GACG

Qi

GAGGACT CGAGCT CAAGC




Table 2

Reads and sequences obtained from deep sequencing
Sample SaVv Co-infected viruses and their reads
SV SV Number of
name Total reacs genogroup percentage %
reads reads % SaV contigs

Astroviridae(1.87), Parvorividae(0.34),

1 1,149,234 12,642 11 1 GV Circoviridae(0.30), Herpesviridae(0.01),
Picornaviridae(0.006)

2 158,824 21 0.01 8 Gl Picomaviridae(1.42), Astroviridae(0.77),

Circocividae(0.66), Parvoviridae(0.32)




Table 3

WP1
NS5-VPg NS7-RdRp
NS3-NT Pase NS6-Protease PPG
Genogrouwp Strain KGKTK and WKGL, KDEL, DYSKWDST,
GAPGIGKT ** GDCG and
DDEYDE GLPSGand YGDD
GWS

20K GKINK 1205\WK[gL, **°KDEL, 1838ppg

SaV/GlII p38* “GPPdljeKT and uelGpeG  MDYYKWDST, **GLPSGand  and
*>3p[DEViDE 1563y GDD 182GWS
935K GKINK 1204 K[gL, ***KDEL, 1837ppg

HgYa2-1  *®GPPAjeKT and uogpee  “*pyJKwDST, “#6LPSGand  and
952DI§EY@E 1542y, 5D 1981 G\\S
234K GKINK 1208\WKgL, **KDEL, 1835ppg

HgTal  *?GPPQl[eKT and u9GpeG  “*DYJKWDST, “PGLPSGand  and
1 p[DEvDE 1541y GDD 180GWS
0K GKINK 1205\WK[gL, **°*KDEL, 1838ppg]

savl  ““GPPEGKT and uelGpCG  “4DYYKWDST, **GLPSGand  and
*>3p[DEViDE 143y GDD 182GWS
232K GkINJK 1204WK[gL, ***KDEL, 1834ppg

HgYa2-2  *°GPPAI[eKT and 1IGpeG  “*DYJKWDST, *GLPSGand  and
QAQDEEY@E 1539y DD 1978\\/S
0K GKINK 1205\, **°KDEL, 1835pjpg

Cowden  ***GPPQGKT and uoegpee  “ODYJKWDST, “PGLPSGand  and
***ploev[oe 1543y GDD 182GWS
936KGKK 12°5WK|§L, LS DEL, 1838P@

LL14  *“*cPPdeKT and uelGpeG  MDYYKWDST, **GLPSGand  and
*>3p[DEviDE 143y GDD 182GWS
935K GKINK 1205\ K[gL, **°KDEL, 1835pHg]

0259 “*‘GPPAJeKT and ueigpeG  MDYJKWDST, **GLPSGand  and
953DI§EY@E 1543y DD 19823\\/S
230K GKINK 1205\WK[gL, ***°KDEL, 1833pjpg

CH430  **GPPdlJeKT and uegpee  “ODYJKWDST, “PGLPSGand  and
*>3p[DEViDE 143y GDD 18ZGWS
936KGKK 12°5WK|§L, 1365KDEL, 1838P|@

p2 “GPPdljeKT and uelGpeG  MDYYKWDST, **GLPSGand  and
*>3p[DEViDE 1543y GDD 182GWS
935K GKINJK 1204 K[gL, ***KDEL, 1837pfpg

Ishi-im7-1  ““GPPHIJGKT and uGPCG  “PDYYKWDST, “*GLPSGand  and
**2p[Dev[De 142y GDD 1BGWS
35K GKINK 1204wK[gL, **KDEL, 1837pjpg

Ishi-Kahe  **GPPlJGKT and 10Gpee  “*DYJKWDST, “#GLPSGand  and
*2p[oev[oe 1542y GDD 1BlGWS
SVIGV  HkKa2-1  “SGPPQ[GKT  *“KGK[TK  "*GDCG 1220y KL, “**'KDEL, 108plpg



and 1456DYDST, PUGLPSG and and
%ZD@EYBE 1559y DD 2012\\/S
944KGKE|K 1223WK|§L, 1384KDEL, 1869P|@

WG194D-1  “*GPPQlJGKT and u9GpeG  “*DYJKWDST, *“GLPSGand  and
%SD@EYIEE 1562y DD 2015G\\/S
944KGKE|K 1223WK|§L, 1384KDEL, 1866PE

TYMPo239  **GPPQI[GKT and UGDCG  “°DYYKWDST, ¥GLPSGand  and
%SD@EYBE 1562y DD 2011G5\\/S
944KGKE|K 1223WK|§L, 1384KDEL, 1866P|@

TYMPo3L  “*GPPQlJKT and u9Gpee  “*DYJKWDST, H6LPSGand  and
965D|§EYBE 1562y DD 20113\\/S
923KGKK 1169WK|§L, ISZBKDEL, 1798P

SV/GVI  OH-10674  “°*GPPAI[GKT and u2gpee  “?pyJKWDST, *GLPSGand  and
937D|§EY@E 1505y DD 1941 3\\/S
923KGKK 1169WK|§L’ 1326KDEL, 1793P

OH-1681  **°GPPQ|GKT and u2GpeG - “?DYYKWDST, *'GLPSGand  and
937D@EY@E 1505y DD 19415\0/S
QIGKGKK MGZWK@L, 1319KDEL, 1791P

HgOg2-4  *“°GPPAI[GKT and uepee B DYJKWDST, *PGLPSGand  and
930DI§EY@E 1498y DD 193415
QOZKGKK 1148WK|§L, 1305KDEL, 1777P

Ishi-lmg  *5GPPlJGKT and uugpee  #pYJKWDST, “PGLPSGand  and
916D|§EY@E 1484y cDD 1920 5\0/S
918KGKE|K 1162WK|§|L’ 1318KDEL, 1786P|@

ViVl SH1703  “'GPPEGKT and H1GDCG  BDYYQWDST, *°GLPSGand  and
931DEY@E 1497y DD 1928\\/S
BQBKGKK 1140WK|§L, 1295KDEL, 1764P|@

HgTa2-2-1  ““GPPGMaT and WSGpCG  ¥2DYYRWDST, ¥ GLPSGand  and
glleaEE 1475y DD 1908 \\/S
918KGKK 1160WK@L‘ 1315KDEL, 1784P@

Ishi-Im3-1  “*'GPPGMKT and HGDCG  PDYYRWDST,“'GLPSGand  and
932D|§EE 1495v DD 1926 \\/S
915KGKK 1159WK|§L, 1315KDEL, 1785P|@

RV0042  **GPPdeKT and HGDCG  PUDYYQWDST, **GLPSGand  and
928DEY@E 14949y 5DD 19273\\/S
915KGKK 1159WK|§L, 1315KDEL, 1785P|@

K71p  “®GPPdGKT and uBepee  DYJKWDST, *4GLPSGand  and
928DEY@E 1499y DD 19273\
gllKGKK llsSWK@L, 1311KDEL, 1781P@

Ishi-im1-4  ““GPPEIJGKT and HGDCG  PUDYYKWDST, ?GLPSGand  and
924DEY@E 1490y 5D 1923\\/S
SVIGVIII  WG214D  “®GPPQGKT  *'KGKTK  *°GDCG 1238\, ¥**KDEL, 1#75pppd



and 1469DYDST, 14GLPSG and and
978D|§EY@E 1572y DD 2020 \\/S
935KGKE|K 1212WK|§L, 1373KDEL, 1856P|@

Ishi-Im1-1  “"*GPPQGKT and ueepee  “#DYJKWDST, *PGLPSGand  and
%BD@EYIEE 1551y DD 20013\\/S
2wk(dL, WKDEL, *“°PPd

SVIGIX  WG214C e . : 2pygdKwDST, #°GLPSG and  and
%7yGDD 8GWS
388PI@

F16-7 - - - and

8GLPSGand  *°*YGDD

ews
913KGKK 1153WK|§L, 13°9KDEL, 1778P|@

SaVIGX HgTa2  “°GPPAjeKT and HeGpCG  PDYYKWDST, °GLPSGand  and
QZSDEEE 1488y DD 19213\\/S
SQSKGKK 1138WK|§L’ 1294KDEL, 1763P|@

HgTa3-2  *'GPPdeKT and ©3GDCG  ¥DYYKWDST, *#GLPSGand  and
911DI§EE 1473y 5pD 1908 3\\/S
914KGKK MSSWK@L, 1314KDEL, 1788P|@

SaVIGXI  HgTa2-22  *“’GPPQGKT and H2Gpee DY dQWDST, *GLPSGand  and
927DEYI§E 1493y DD 1930\\/S
915KGKK llBOWK@L' 1316KDEL, 1790P|@

Ishi-Im7-3  “°GPPJ|GKT and H4GpCG DY JQWDST, *GLPSGand  and
929DEY@E 1495v DD 1932\\/S

*T he strains were determined in this study are bolded.

**Boxed capitals: deviant amino acid residues of conserved motifs anong SaVs and values before motifs: indicate their position

in the genomesequence.

***Notavailable



Table 4

No. of complete genome from each species

Genogroup Genotype . . sea . Total
human chimp rat pig lion mink dog bat

Gl
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Gl
GIV
GV
GVI
GV
GVIII
GIX
GX
GXI
GXIlI
GXIII
GXIV
GXV
GXVI
GXVII
GXVIII
GXIX
Total 19
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Highlights:
e Two porcine SaVs from diarrheic pigs were identified.
e GVII strain with complete genome was firstly reported in China.

e Itis firstly proposed that SaVs were divided into 51 genotypes within 19 genogroups.



