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Abstract Sapoviruses (SaVs) are enteric viruses and have
been detected in various mammals. They are divided into
multiple genogroups and genotypes based on the entire
major capsid protein (VP1) encoding region sequences. In
this study, we determined the first complete genome
sequences of two genogroup V, genotype 3 (GV.3) SaV
strains detected from swine fecal samples, in combination
with Illumina MiSeq sequencing of the libraries prepared
from viral RNA and PCR products. The lengths of the viral
genome (7494 nucleotides [nt] excluding polyA tail) and
short 5'-untranslated region (14 nt) as well as two predicted
open reading frames are similar to those of other SaVs. The
amino acid differences between the two porcine SaVs are
most frequent in the central region of the VPl-encoding
region. A stem-loop structure which was predicted in the
first 41 nt of the 5'-terminal region of GV.3 SaVs and the
other available complete genome sequences of SaVs may
have a critical role in viral genome replication. Our study
provides complete genome sequences of rarely reported
GV.3 SaV strains and highlights the common 5’-terminal
genomic feature of SaVs detected from different mam-
malian species.
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Introduction

Sapoviruses (SaVs), a member of Caliciviridae, have been
detected in many mammals (i.e., humans, pigs, minks, dogs,
sea lions, chimpanzees, bats, rats, hyena, lions, and foxes)
[1, 2]. The SaV genome is a positive-sense, single-stranded
RNA molecule of 7.1-7.7 kb in length, excluding the 3’-end
poly (A) tail [1]. SaV genome commonly encodes two open
reading frames (ORFs). The ORF1 encodes 7 non-structural
proteins (NSs 1-7) and major capsid protein (VP1), and
ORF?2 encodes minor capsid protein (VP2) [3]. SaVs can be
classified into multiple genogroups based on available VP1
sequences, and five genogroups (GI to GV) are well accepted
[4, 5]. Furthermore, we proposed ten additional genogroups
(GVI-GXV) recently [1, 6]. Currently, complete genome
sequences for GI-GVIII, GXIII, and GXIV are available in
the database [1]. GI, GII, and GV are further subdivided into
multiple genotypes based on the VP1 sequence [4, 7].

We have previously reported the detection and partial
genomic characterization of two porcine GV SaV strains,
TYMPo31, and TYMP0239, which are genetically highly
similar to each other in the capsid region sequences [8]. These
two strains are genetically clustered independently with other
GV strains [8]. GV SaVs are detected from humans, pigs, and
sea lions, and currently subdivided into four genotypes, GV.1-
4, based on the complete capsid sequence diversity, and
TYMPo31 and TYMP0239 strains are classified as GV.3 [4].
We also have detected novel genetically unique GV
WG194D-1 strain in swine; however, the genotype number is
not assigned yet [1]. Six complete genome sequences of GV
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SaVs (three from human [DQ366344-GV.1-Ehime475,
AY646856-GV.1-NK24, AB775659-GV.2-NGY-1], one
from pig [KX000383-GV. not assigned genotype (NA)
WG194D-1], one from sea lion [JN420370-GV .4-CSL9775])
are available on the DNA database [1, 4], but that of GV.3 is
not available yet.

This study therefore was undertaken to determine the full
genome sequences of two GV.3 porcine SaVs, TYMPo31, and
TYMP0239, by using multiple techniques including Illumina
MiSeq sequencing of RNA samples or PCR products of RT-
PCR as well as 5 RACE. We also analyzed the secondary
structure in the 5’-end genome sequences of two newly deter-
mined GV .3 strains as well as that of representative strains for
GV.1, GV.2, GV.3, GV-NA, and other genogroups of SaVs.

Materials and methods
Virus positive specimens

Swine fecal samples from the previous study were stored at
—80 °C and were used in this study for further sequence
analyses. SaV GV .3 strains, TYMPo31, and TYMP0239 were
originally identified from a molecular survey of porcine
caliciviruses in Toyama Prefecture, Japan, in May and
December 2008, respectively, and 2.1 kb fragment covering
from the putative entire NS7 and partial VP1 has been deter-
mined previously [8]. Then the partial genome sequences of
approximately 3.9 kb fragment, covering from the putative
entire NS7 encoding region to the 3’ end of the genome of
these two porcine strains, were determined by using RT-PCR
with gene-specific forward primer and oligo dT reverse pri-
mers (Nakamura and Takizawa, unpublished results), and
were deposited in the DNA database (GV TYMPo31
[AB521772.1]; GV TYMP0239 [AB521771.1]).

Viral RNA extraction

Viral RNA was extracted from 140 pl of approximately
20% intestinal content suspensions in Dulbecco’s Phos-
phate Buffered Saline without Mg>" and Ca®*" (Sigma)
using RNeasy Mini kit (Qiagen) according to the manu-
facturer’s instructions, except that the yeast RNA (Am-
bion) was added to AVL buffer instead of the carrier RNA
which was supplied with the kit, and finally eluted in 60 pl
of DNase-and RNase-free water (Invitrogen). The extrac-
ted RNAs were stored at —80 °C.

Library preparation from purified RNA
for Illumina MiSeq

A 300-bp fragment library was constructed from the 13.5 pl
of extracted RNA and using NEBNext Ultra RNA Library

Prep Kit for Illumina v2.0 (New England Biolabs), purified
using Agencourt AMPure XP magnetic beads (Beckman
Coulter) and SPRIPlate 96R Ring Super Magnet Plate
(Beckman coulter). The quality of the purified library was
assessed on a MultiNA MCE-202 bioanalyzer (Shimadzu
Corporation) and the concentration determined on a Qubit 2.0
Fluorometer using the Qubit HS DNA Assay (Invitrogen).

Samples were bar-coded for multiplexing using NEB-
Next Multiplex Oligos for Illumina Dual Index Primer Sets
1 (New England Biolabs).

Reverse transcription PCR

To amplify the fragment from putative NS2 encoding
region to 3’ end of the viral genome, TYMPo31 and
TYMPo0239 cDNA were independently synthesized as
follows: 9.5 ul of viral RNA solution was mixed with
2.5 ul of 20 pmol/ul reverse primer (5-GACTAGTTC
TAGATCGCGAGCGGCCGC CCT3¢-3') (Fig. 1) com-
plementary to the 3’-end polyA tail or the TYMPo31- and
TYMPo0239-specific reverse primer targeting the VP1
encoding region (nt position 5631-5655 of the viral gen-
ome, Fig. 1), and 1 pl of 10 mM dNTP. The mixtures were
incubated at 65 °C for 5 min, cooled on ice, and then
mixed with 4 pul of 5x SSIV buffer (Invitrogen), 1 pl of
100 mM DTT (Invitrogen), 1 pl of RNase OUT ribonu-
clease inhibitor (40 U/ul) (Invitrogen), and 1 pl of Super-
Script IV reverse transcriptase (200 U/ul) (Invitrogen).
This mixture was incubated first at 55 °C for 10 min and
then inactivated at 80 °C for 10 min. Next, 1 pl of RNase
H (2 U/ul) (Invitrogen) was added and incubated at 37 °C
for 20 min, and then inactivated at 95 °C for 10 min.

The SaV genomic sequences spanning the putative NS2
to VP1 encoding region or the putative NS2 or NS7 to the
genome end (assigned as middle to 3’ end in Fig. 1) were
amplified by RT-PCR with the forward primer based on the
partial sequence obtained by Illumina MiSeq sequencing
(nt position 489-513 or 516-541, Fig. 1) or the forward
primer designed previously that determined partial genome
sequence (nt position 4774-4796, Fig. 1), and reverse
primer complementary to the 3’-end polyA tail or targeting
the VP1 encoding region (nt position 5594-5616 or
5564-5586, Fig. 1), using high-fidelity PCR enzyme, Pri-
meSTAR GXL DNA Polymerase (Takara). A final volume
of 50 p 1 of the PCR mixture contained 2 pl of the cDNA or
the first PCR mixture, 10 p 1 of 5x PrimeSTAR GXL DNA
polymerase buffer, 4 p 1 of 2.5 mM dNTPs, 2 pl of forward
primer (10 pmol/ul), 2 pl of reverse primers (10 pmol/pl),
and 1 pl of PrimeSTAR GXL DNA polymerase (1.25 U/
pl). PCR cycling conditions were as follows: 98 °C for
10 s followed by 40 cycles of 98 °C for 10 s, 60 °C for
15 s, and 68 °C for 1 min 30 s, and a final extension at
67 °C for 7 min.

@ Springer



850

Virus Genes (2017) 53:848-855

1450
(GPPGIGKT)

NS1 NS2 NS3 NS4 NS5  NS6

4698 5205 6045
(WKGL) (YGDD) (MEG) (GWS) 7494
polyA
.l : Y 6902 7417
NS7 (RdRp) © VP1 (major capsid protein) II VP2 Iminor capsid protein)

6905

3949
" 4% TYMPO31 (AB521772.1 )

3949 nt 7494

TYMP0239 (AB521771.1)

NGS
487  w— 796 TYMPo31
-
GXL -
: . 7494
N -
: 4798
: 4774-4796— LN
complement to TYMPo31
the polyA tail
: «5631-5655
I 489-513 - <5594-5616
Middle to 3’ : o4 5593
end .
GXL
4798 7498
4774-4796— -
complement to TYMP0239
: «5631-5655 the polyA tail
© 40513 e 5594.5616
: 516541 — : < 5564-5586
: 542 : 5180
L
KOD .
: 779803
5’ part 1295> s <«752-776 TYMP0318&239
130 726
129+ e 727750
KOD .
anchor  mms < 551-581
5'end 5'-RACE-F—x: - vvvnne —426-455 TYMP0318239
4131
5’-RACE-F 4= - = <308-425

Fig. 1 Diagram for complete genome sequence determination of SaV
TYMPo31 and TYMPo0239 strains. Complete genome sequences of
SaV, SaV TYMPo31 and TYMP0239 strains were determined by de
novo assembly of Illumina MiSeq sequence data, 5" RACE, and 3’-
end genome region-targeting RT-PCR as described in the text. SaV

The 5’ part region-targeting RT-PCR was performed as
follows: cDNA was synthesized using SuperScript IV
reverse transcriptase with a primer corresponding to
779-803 nt (Fig. 1) of TYMPo31 or TYMP0239 genome
cDNA as described above. After treatment with RNase H,
semi-nested PCR was performed with KOD-Plus DNA
polymerase (Toyobo) using the newly designed forward
primer (5'-GTGATCACYTTGRGATGGCTTCMAAGCC
A-3) based on the alignment of GV SaVs 5'-terminal
sequences of human and porcine origin (GV.1 NK24
[AY646856], GV.1 Ehime475 [DQ366344], GV.2 NGY1
[AB775659], and GV. not assigned WGI194D-1
[KX000383]) and reverse primers (nt position 752-776 for
the 1st PCR, and nt position 727-750 nt for the 2nd PCR)
as summarized in Fig. 1. A final volume of 100 pl of the
PCR reaction mixture contained 2 pl of the cDNA or the
first PCR products or 1st PCR reaction mixture, 10 pl of 10
x PCR buffer for KOD plus, 10 pl of 2 mM dNTPs, 4 pl of
25 mM Mg,SOy, 2 pl of forward primer (10 pmol/ul), 2 pl
of reverse primer (10 pmol/ul), and 2 pl of KOD-plus DNA

@ Springer

genomic organization, the predicted non-structural (NS) and struc-
tural proteins VP1 and VP2, and the conserved amino acid motifs are
shown. Asterisks indicate the different amino acid residue between
TYMPo31 and TYMP0239 strains

polymerase (1.0 U/ul). PCR cycling conditions were as
follows: 94 °C for 10 min followed by 45 cycles of 94 °C
for 30 s, 55 °C for 30 s, and 68 °C for 45 s, and a final
extension at 68 °C for 7 min.

The 5'-terminal nucleotide sequences of the TYMPo31
and TYMPo0239 genomes (indicated as 5’ end in the Fig. 1)
were finally confirmed by DNA-DNA ligation-based 5’
RACE as described [9]. cDNA was synthesized using
SuperScript IV reverse transcriptase with a primer corre-
sponding to nt position 551-581 of TYMPo31 or
TYMPo0239 genome cDNA as described above. After
treatment with RNase H, the synthesized cDNA was purified
and ligated to the 5’-phosphorylated and 3’-biotinylated
anchor DNA primer (5-TATAGTGAGTCGTATTAGG
TACCGTCGAC-3') by T4 RNA Ligase. The biotinylated
anchor primer-ligated cDNA was captured by Dynabeads
M-270 Streptavidin (Invitrogen) as described [9]. The 5" end
region of the TYMPo31 or TYMP0239 genome was ampli-
fied by semi-nested PCR: forward primer 5 RACE-F (5'-
GTCGACGGTACCTAATACGACTCACTATA-3')
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complementary to the anchor, and a reverse primer corre-
sponding to nt position 426455 of TYMPo3l or
TYMP0239 genome, for the first PCR; and forward primer
(5’ RACE-F) and reverse primer corresponding to nt position
389-425 of TYMPo31 or TYMP0239 genome were used for
the second PCR with KOD-Plus DNA polymerase. PCR
conditions were identical as described above.

PCR product purification

The PCR products were separated by agarose gel elec-
trophoresis, visualized under UV, purified using a QIA-
quick Gel Extraction Kit (Qiagen), and then eluted in 35 pl
water.

Library preparation from purified PCR product
for Illumina MiSeq

For PCR product longer than 700 bp, a 300-bp fragment
library was constructed from 1 ng of the purified PCR
products using Nextera XT kit (Illumina) according to the
manufacturer’s instructions. Normalized library was puri-
fied as described above. Samples were bar-coded for
multiplexing using Nextera XT index kit V2 (Illumina).

For PCR products shorter than 500 bp, a 300-bp frag-
ment library were prepared from “Perform End Prep of
cDNA Library” section of manufactures instruction of
NEBNext Ultra RNA Library Prep Kit for Illumina v2.0
and purified the library. Samples were bar-coded for mul-
tiplexing using NEBNext Multiplex Oligos for Illumina
Dual Index Primer Sets 1.

INlumina MiSeq sequencing

The DNA libraries were adjusted to 2 nM using the
DNase-and RNase-free water. Then, 10 pl of the resulting
2 nM DNA library was denatured with 10 pl of 0.1 M
freshly prepared NaOH solution. The denatured solution
was diluted with pre-chilled HT1 (Illumina) to a final
concentration of 6 pmol for sequencing. Nucleotide
sequencing was performed on an Illumina MiSeq sequen-
cer (Illumina) with a MiSeq Reagent Kit v2 (Illumina) to
generate 151 paired-end reads.

The FASTQ files from MiSeq were analyzed and de
novo assembled using CLC genomic workbench 8.0
(QITAGEN-CLC bio). For short PCR product corresponding
to the 5" end region of the genome, the reads including the
adaptor sequence were retrieved from the sequence dataset.

Sequence editing and analysis

Sequence editing and assembly were performed using the
Sequencher program v4.10.1 (GeneCodes), and nucleotide

and amino acid sequences were analyzed by Genetyx-Mac
software v16.0.4 (Genetyx Corporation). The secondary
structure of the nucleotide was predicted using Genetyx-
Mac software v16.0.4 (Genetyx Corporation) by “RNA
2ndary structure prediction” [10] with default settings.
Nucleotide sequence alignment was determined using
ClustalW version 2.1 and the genetic distance was calcu-
lated using Kimura’s two-parameter model using the online
analysis tool (http://clustalw.ddbj.nig.ac.jp/top-j.html) with
default settings. The neighbor-joining phylogenetic tree
with 1000 bootstrap replications was illustrated using
Njplot software.

Results

Firstly, only approximately 300-nt-assembled SaV-like
sequence (corresponding to the nt position 487-796) was
obtained from TYMPo31-positive specimen by Illumina
MiSeq sequencing of the library prepared from the
extracted RNA (Fig. 1). No SaV-like sequence was
obtained from TYMPo239-positive specimen. However,
secondly, a long PCR product (approximately 6.9 kb) was
amplified from TYMPo31 cDNA (Fig. 1). The corre-
sponding regions of TYMPo31 and TYMP0239 were also
amplified separately as overlapping two PCR fragments
(Fig. 1). Thirdly, the 5’ part regions of TYMPo31 and
TYMP0239 were amplified in combination with the newly
designed forward primer based on the available GV SaVs
5'-terminal sequence (29 nt in length) and gene-specific
reverse primer, and finally,the actual 5'-terminal sequences
were determined by 5 RACE. The obtained sequence
fragment was assembled to build up the complete genome
sequences of SaV TYMPo31 and TYMPo0239.

The complete genome sequences of SaV TYMPo31 and
TYMPo0239 have been updated in DNA database under the
accession number GV TYMPo31 [AB521772.2]; GV
TYMPo0239 [AB521771.2]. These strains’ genomes both
consist of 7494 nucleotides (nt), excluding the 3’-end poly
(A) tail, and encodes two open reading frames (ORFs): nt
15-6905 (ORF1) and 6902-7417 (ORF2). The 5'- and 3'-end
untranslated regions (UTRs) were 14 nt and 77 nt long,
respectively (Fig. 1). The number of nucleotide and amino
acid differences between TYMPo31 and TYMP0239 strains
were found at residues 52 and 9, respectively. The amino
acid differences between TYMPo31 and TYMP0239 strains
were found only in the ORF1 encoding region (1 for NS1, 1
for NS7 [RdRp], and 7 for VPI, especially after “GWS”
motif; Fig. 1). Based on the phylogenetic tree analysis, SaV
TYMPo31 and TYMP0239 strains formed a branch distinct
from other GV strains in both VP1 and complete genome
sequences (Fig. 2). The 5'-terminal sequences were not
strictly conserved even between porcine GV strains (Fig. 3).
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Instead, a single stem-loop structure was commonly pre-
dicted in the first 41 nt of the 5'-end nucleotide sequences
among GV strains from multiple mammalian species (i.e.,
pigs, humans, and sea lion) (Fig. 3). The lengths of 3’ UTR
were variable (77-155 nt) among GV SaVs, and those of
TYMPo31 and TYMP0239 were shortest among GV SaVs.

Discussion

The primer-independent next-generation sequencing
method used in this study has already succeeded in deter-
mining nearly full genome sequence of genetically novel
SaV from human fecal specimens by de novo assembly
[11, 12]. However, porcine SaV TYMPo31 and
TYMP0239 genome sequences were not determined well
by this approach because we could detect partial genome

VP1 nucleotide sequence

AB521772-TYMPo31(Pig)
AB521771-TYMP0239 (Pig)
DQ366344-Ehime475 (Human)
AY646856-NK24 (Human)
AB775659-NGY-1(Human)
KX000383-WG194D-1 (Pig)
JN420370-CSL9775 (Sea lion)
KC309417-WG197C (Pig)
KC309419-WG214D (Pig)
1000 l:X86560-Manchester (Human)
AY694184-Dresden (Human)
1000 DQ125333-SW278 (Human)
AJ786349-Chiba00671 (Human)
AY144337-Canada151A (Mink)

KX000385-WD1237 (Mink)
L:AJ249939-B“S'(0| (Human)
AY237420-Mc10 (Human)
1000 KT207827-Bari253 (Dog)
00 :JN387134-AN210D (Dog)
AF182760-Cowden (Pig)
000 L KF204570-CH430 (Pig)
1JN899072-TLC34 (Bat)
4000 LUN899075-TLC58 (Bat)

KJ950880-NYC-E48 (Rat)
KJ950878-NYC-A19 (Rat)

AB221130-K7 (Pig)
KX000384-RV0042 (Pig)

KJ508818-JJ674 (Pig)
AY974192-JJ681 (Pig)

Fig. 2 Phylogenetic tree of SaV based on complete VP1 nucleotide
sequences or complete genome sequences. The newly determined
SaV TYMPo31 and TYMP0239 strains (accession number AB521772
and AB521771) are shown in bold letters. Representative 32 SaV
strains for 15 genogroups (GI, GII, GIII, GIV, GV, GVI, GVII, GVIII,
GIX, GX, GXI, GXII, GXIII, GXIV, and GXV) classified based on
complete VP1 sequences and representative 22 SaV strains for GI-
GVIII, GXIII and GXIV for which complete genome sequences are
available are included. Each SaV strain is shown in the following
format: Genbank accession number-strain name (species) for VPI
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AB242873-K8 (Pig) ----+--------
DQ359100-2053P4 (Pig) --------

GVII-RV0042
GIX IGVI-JJ674
1000 GVI-JJ681

KC309418-WG214C (Pig) -------

sequences only for SaV TYMPo31. This result may be due
to the low copy number of RNA for TYMPo31 and
TYMPo0239. However, following RT-PCR in combination
with the forward primer designed based on the partial
sequence of TYMPo31 strain that obtained from Illumina
MiSeq, reverse primer targeting the 3’-end polyA tail the
viral genome, and optional protocol of PrimeSTAR GXL
provided from the manufacture (i.e., use twofold enzyme to
allow DNA extension for 10 s/kb) allowed us to amplify a
6.9-kb PCR product covering the putative NS2 to 3'-gen-
ome end region of the TYMPo31. Then we could deter-
mine the complete genome sequences for TYMPo31 and
TYMPo0239 by further RT-PCR and 5’ RACE as summa-
rized in Fig. 1. The most difficult part was to amplify the 5
part region (Fig. 1). We could obtain the RT-PCR product
when the used degenerated forward primer—described in
Materials and methods—which was newly designed based

full genome sequence

GV-TYMPo31
GV-TYMPo0239

1000

992
GV-Ehime475
GV 1000
o [GV-NK24
GV-NGY-1
1000 |
GV-WG194D-1
] GVl L GVII-WG214D
] o Gl-Manchester
] GIV 1000 Gl-Dresden
100 GIV-Chiba00671
] axi GIV-SW278
] Gl GlI-Bristol
999
Gll-Mc10
] exin

GXIIl-AN210D
] Glil 1°SV_CSL9775
] GXIV Glll-Cowden
o I: GlII-CH430
] oxv GXIV-TLC58
GX 1000

nucleotide sequence tree, and VP1 sequence based on genogroup
number-strain name for complete genome sequence tree. The
nucleotide alignment was generated by ClustalW 2.1 using default
settings  (http://clustalw.ddbj.nig.ac.jp/) and a neighbor-joining
method-based phylogenetic tree with 1000 bootstrap replications
constructed was illustrated using NJPlot software (http://pbil.univ-
lyonl.fr/software/njplot.html). The number on each branch indicates
the bootstrap value, where values higher than 950 are indicated. The
scale represents nucleotide substitutions per site
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Fig. 3 Predicted secondary structure in the 5’-end genome nucleotide
sequences among GV SaVs. The secondary structure of the 5’-end
nucleotide sequences of five GV, and representative strain for GI, GII,
GIII, GIV, GVI, GVII, GVIII, GXIII, and GXIV SaVs are shown.

on the available human and porcine GV SaV 5'-end gen-
ome sequence was introduced at the beginning of this
study. However, we found a single nucleotide mismatch

Each SaV strain is shown in the following format: genogroup number-
strain name (species). The predicted start codon for each GV SaV
strain is boxed. The corresponding region sequences for GIX, GX,
GXI, GXII, and GXV are not available yet

(the nucleotide M [A or C] was T in the TYMPo31 and
239) in the forward primer after we determined the 5
termini of viral genome sequence by RACE.
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We also used PrimeSTAR GXL or PrimeSTAR HS
DNA polymerase in addition to KOD plus DNA poly-
merase to amplify the 5’ part region and 5’ termini of the
viral genome sequence, but only KOD plus DNA poly-
merase could produce the PCR product (data not shown).
Thus, we used different PCR enzymes in different regions
of the TYMPo31 and TYMP0239 as indicated in Fig. 1.

Although partial genome sequences (3949 nt in length)
of TYMPo31 and TYMPo0239 (AB521771.1 and
AB521772.1) have been determined previously (Fig. 1)
([8] and unpublished data), we finally determined complete
genome sequence in this study. The lengths of the genome
and UTR regions as well as two predicted ORFs of
TYMPo31 and TYMPo0239 strains were identical. The
amino acid differences between TYMPo31 and
TYMP0239 strains were mostly found after “GWS” motif
in the VP1 protein. The after “GWS” motif was considered
as putative variable protruding region of the VPI (Fig. 1)
[4, 13, 14]. TYMPo31 and TYMPo0239 strains were
detected in the same year (i.e., 2008 May for TYMpo31,
and 2008 Dec for TYMPo 239) from different pigs [8].
Thus, the differences in their sequences suggest rapid
diversity during circulation among the pigs in the same
farm although further investigation is necessary for the
future. GV.3 SaV distribution is also interesting because no
highly similar sequences to TYMPo31 and TYMP0239 are
reported on the DNA database.

The 5" UTR of the GV SaVs including TYMPo31 and
TYMPo0239 strains are moderately conserved (8 out of 14
nt) and started with the consensus nucleotide sequence
“GUGAU” (Fig. 3). The first three nucleotide sequence
“GUG” is conserved among the available complete gen-
ome sequence of SaVs (Fig. 3) [1]. Recently, the predicted
secondary structures at the 170-nt of the 5’ end of the GIII
Cowden strain as well as representative GI, GII, GIV, and
GV SaVs genome have been reported [15]. We also pre-
dicted single stem-loop structure in the TYMPo31 and
TYMPo0239 strains in the first 41 nt of the 5’ end (Fig. 3). A
similar single stem-loop structure was also predicted in the
same region of other GV strains (Fig. 3) as well as GVI,
GVIIL, GVIII, GXIII, and GXIV in addition to GI, GII, GIII,
and GIV SaVs (Fig. 3). Because the primary nucleotide
sequence was not conserved and this common single stem
loop was located very close to the 5” end of the SaV gen-
ome (~41 nt), they may have a critical role in the viral
genome replication, as well as in the possible interaction
with cellular proteins for translation as discussed recently
[15]. It is interesting to investigate the functional role of
conserved 5’-end genomic feature of SaVs in the future.

Recently, SaVs nucleotide sequences were determined
from multiple mammalian species (e.g., sea lions, dogs,
chimpanzees, rodents, hyena, lion and fox, and humans) by
NGS techniques [2, 11, 12, 16—19]. The method described
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in this study can be used to determine the complete or
sufficient length of the SaV genome sequences for samples
containing low amounts of viral RNA. Common SaV 5'-
end genome sequence as well as the secondary structure
has been highlighted across various genogroups detected
from multiple mammalian species and may also worth
estimating the sequence reliability of the determined SaV
sequence.
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