
Contents lists available at ScienceDirect

Infection, Genetics and Evolution

journal homepage: www.elsevier.com/locate/meegid

Research paper

Genetic diversity and intergenogroup recombination events of sapoviruses
detected from feces of pigs in Japan

Moegi Kurodaa,1, Tsuneyuki Masudaa,1, Mika Itob, Yuki Naoic, Yen Hai Doand, Kei Hagad,e,
Shinobu Tsuchiakac, Mai Kishimotoc, Kaori Sanoc, Tsutomu Omatsuc, Yukie Katayamac,
Mami Obac, Hiroshi Aokif, Toru Ichimarug, Fujiko Sunagah, Itsuro Mukonob, Hiroshi Yamasatoa,
Junsuke Shiraic, Kazuhiko Katayamad,e, Tetsuya Mizutanic, Tomoichiro Okad,⁎, Makoto Nagaic,i,⁎⁎

a Kurayoshi Livestock Hygiene Service Center, Kurayoshi, Tottori 683-0017, Japan
b Ishikawa Nanbu Livestock Hygiene Service Center, Kanazawa, Ishikawa 920–3101, Japan
c Research and Education Center for Prevention of Global Infectious Disease of Animal, Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183-8509, Japan
d Department of Virology II, National Institute of Infectious Diseases, Musashimurayama, Tokyo 208-0011, Japan
e Laboratory of Viral Infection I, Kitasato Institute for Life Sciences, Graduate School of Infection Control Sciences, Minato, Tokyo 108-8641, Japan
f Faculty of Veterinary Science, Nippon Veterinary and Life Science University, Musashino, Tokyo 180-8602, Japan
g Department of Health and Medical Sciences, Ishikawa Prefectural Nursing University, Kahoku, Ishikawa 929-1210, Japan
h Laboratory of Infectious Diseases, Azabu University, Sagamihara, Kanagawa 252-5201, Japan
i Department of Bioproduction Science, Ishikawa Prefectural University, Nonoichi, Ishikawa 921-8836, Japan

A R T I C L E I N F O

Keywords:
Genogroup
Japan
Pig
Recombination
Sapovirus

A B S T R A C T

Sapoviruses (SaV) are enteric viruses infecting humans and animals. SaVs are highly diverse and are divided into
multiple genogroups based on structural protein (VP1) sequences. SaVs detected from pigs belong to eight
genogroups (GIII, GV, GVI, GVII, GVIII, GIX, GX, and GXI), but little is known about the SaV genogroup dis-
tribution in the Japanese pig population. In the present study, 26 nearly complete genome (> 6000 nucleotide:
nt) and three partial sequences (2429 nt, 4364 nt, and 4419 nt in length, including the entire VP1 coding region)
of SaV were obtained from one diarrheic and 15 non-diarrheic porcine feces in Japan via a metagenomics
approach. Phylogenetic analysis of the complete VP1 amino acid sequence (aa) revealed that 29 porcine SaVs
were classified into seven genogroups; GIII (11 strains), GV (1 strain), GVI (3 strains), GVII (6 strains), GVIII (1
strain), GX (3 strains), and GXI (4 strains). This manuscript presents the first nearly complete genome sequences
of GX and GXI, and demonstrates novel intergenogroup recombination events.

1. Introduction

Sapoviruses (SaVs) are etiological agents of gastroenteritis in hu-
mans and animals and they have non-enveloped positive-sense, single-
stranded RNA genome of approximately 7.1–7.7 kb in length with the
typical morphology, the Star-of-David structure, as determined by
electron microscopy (Oka et al., 2015; Saif et al., 1980). The SaV
genome contains two overlapping open reading frames (ORFs) that
encode the nonstructural proteins NS1-NS2-NS3 (putative NTPase)-
NS4-NS5 (genome linked viral protein: VPg)-NS6 (Protease: Pro)-NS7
(RNA dependent RNA polymerase: RdRp) followed by the capsid pro-
tein, VP1, and the minor structural protein, VP2 (Oka et al., 2015).

Porcine SaV was first identified by electron microscopy in the
United States of America in 1980 (Saif et al., 1980). SaVs have since
been identified mostly using reverse transcriptase (RT)-PCR. The me-
tagenomics approach, which does not require sequence-specific primers
for PCR amplification, has recently allowed the detection of SaVs. SaVs
have been reported from diarrheic and asymptomatic pigs (Cunha et al.,
2010; das Merces Hernandez et al., 2014; Di Bartolo et al., 2014;
Dufkova et al., 2013; Jeong et al., 2007; Keum et al., 2009; Kim et al.,
2006; Liu et al., 2012; Liu et al., 2014; Martella et al., 2008; Martínez
et al., 2006; Mauroy et al., 2008; Mijovski et al., 2010; Reuter et al.,
2010; Scheuer et al., 2013; Valente et al., 2016; Wang et al., 2006;
Zhang et al., 2014; Zhang et al., 2008). Cell culture-adapted and wild-
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type SaVs were shown to induce diarrhea in experimentally infected
gnotobiotic piglets (Flynn et al., 1988; Guo et al., 2001; Lu et al., 2015).
Therefore, SaVs are currently suggested as one of the etiological agents
of gastroenteritis in pigs; however, the role of SaV as the cause of
gastroenteritis in pigs has been obscure.

Initially, Farkas et al. classified human SaVs into GI-GV using entire
VP1 sequences (Farkas et al., 2004). Thereafter, Scheuer et al. classified
SaVs including those from humans and animals into 14 genogroups
based on the complete VP1 sequences (Scheuer et al., 2013). Thus far,
SaVs are divided into fifteen genogroups (Oka et al., 2016). To date, at
least eight SaV genogroups: GIII, GV, GVI, GVII, GVIII, GIX, GX, and
GXI, have been identified from pigs (Scheuer et al., 2013; Oka et al.,
2016). In Japan, GIII, GV, GVII, GVIII, and GX genogroups of SaV have
been found from finisher pigs and pigs, whose ages were< 5 months
(Nakamura et al., 2010; Yin et al., 2006). Complete or nearly complete
genome sequences of SaV GIII, GV, GVI, GVII, and GVIII are available in
the DDBJ/EMBL/GenBank database, but those of GIX, X, and GXI are
not available. In the present study, 26 nearly complete genome se-
quences and three partial sequences of SaV were obtained from fecal
samples of pigs with or without diarrhea in Japan using a metage-
nomics approach. This study presents the first report of nearly complete
genome data for SaV GX and GXI. Genetic analyses revealed high ge-
netic diversity among SaVs in Japanese pig population and possible
intergenogroup recombination events.

2. Materials and methods

2.1. Fecal samples, RNA extraction, and deep sequencing

In total, 105 fecal samples collected from 2 to 120-day-old pigs from
12 farms in Tottori Prefecture and Ishikawa Prefecture of Japan in
2015–2016 were used in this study. Samples were collected from pigs
with diarrhea (six single samples and 17 pooled samples) or those
without diarrhea (70 single samples and 12 pooled samples). Although
pooled samples were impossible for recombination analysis, we ac-
cepted those samples for search for new genogroups only. Samples were
diluted 1:9 (w/v) in sterile phosphate-buffered saline and centrifuged at
10,000 ×g for 10 min. The supernatants were collected and stored at
−80 °C until required. Viral RNA was extracted from the fecal sample
supernatants, using TRIzol® LS Reagent (Life Technologies, Carlsbad,
CA, USA), and was treated with DNase I (Takara Bio, Shiga, Japan).
cDNA libraries for deep sequencing were constructed using the
NEBNext Ultra RNA Library Prep Kit for Illumina (New England
Biolabs, Ipswich, MA, USA) as described previously (Nagai et al., 2015).
Deep sequencing was conducted using the MiSeq Reagent Kit v2 (300-
cycles) (Illumina, San Diego, CA, USA) on a MiSeq bench-top sequencer
(Illumina). FASTQ-formatted sequence data files were generated using
the MiSeq Reporter (Illumina). Trimmed paired-end sequence reads
were assembled into contigs by de novo assembly with the strictest
parameter setting (mismatch cost, 2; insertion cost, 3; deletion cost, 3;
length function, 0.9; and similarity function, 0.9) in the CLC Genomics
Workbench 7.5.5 (CLC bio, Aarhus, Denmark). The nucleotide se-
quences of SaV strains obtained in this study were deposited in the
DDBJ/EMBL/GenBank databases under the accession numbers
LC215874–LC215902.

2.2. Genome analysis

Nucleotide (nt) and amino acid (aa) sequences were aligned using
ClustalW (Thompson et al., 1997). Phylogenetic trees were constructed
using the 29 SaV strains in this study together with available SaV se-
quences from the DDBJ/EMBL/GenBank database following the max-
imum-likelihood method with the best-fit evolutionary models in
MEGA 5.22 (Tamura et al., 2011) for rtREV + G + I (RdRp), rtREV
+ G + I + F (VP1 aa), GTR + G + I (VP1 nt), and rtREV + G + F
(VP2). The reliability of the phylogenetic tree obtained for each geneTa

bl
e
1

Su
m
m
ar
y
of

sa
m
pl
es

us
ed

in
th
is

st
ud

y
an

d
a
nu

m
be

r
of

sa
po

vi
ru
s
co

nt
ig
s
id
en

ti
fi
ed

in
ea
ch

sa
m
pl
e.

Sa
m
pl
e
na

m
e

Sa
m
pl
e
st
at
us

R
eg

io
n

C
ol
le
ct
io
n
da

te
D
ay

s
(m

on
th
s)

H
ea
lt
h
st
at
us

N
um

be
r
of

sa
po

vi
ru
s

co
nt
ig
s

Sa
po

vi
ru
s
ge

no
gr
ou

p
C
o-
in
fe
ct
io
n
w
it
h
ot
he

r
vi
ru
se
s

H
kK

a2
-1
/2

01
5

Si
ng

le
To

tt
or
i

20
15

.7
.1

2
m
on

th
s

W
it
ho

ut
di
ar
rh
ea

1
G
V

Po
rc
in
e
as
tr
ov

ir
us
,P

ic
ob

ir
na

vi
ru
s,

Po
sa
vi
ru
s

H
gT

a2
-1
/2

01
5

Si
ng

le
To

tt
or
i

20
15

.7
.2

2
m
on

th
s

W
it
ho

ut
di
ar
rh
ea

1
G
V
II

Po
rc
in
e
as
tr
ov

ir
us
,P

or
ci
ne

en
te
ro
vi
ru
s,

Sa
pe

lo
vi
ru
s,

Po
rc
in
e
ro
ta
vi
ru
s
C

H
gT

a2
-2
/2

01
5

Si
ng

le
To

tt
or
i

20
15

.7
.2

2
m
on

th
s

W
it
ho

ut
di
ar
rh
ea

2
G
V
II
,G

X
I

Po
rc
in
e
as
tr
ov

ir
us
,P

ic
ob

ir
na

vi
ru
s

M
oI
2-
1/

20
15

Si
ng

le
To

tt
or
i

20
15

.7
.2

2
m
on

th
s

W
it
ho

ut
di
ar
rh
ea

2
G
II
I,
G
V
II

Po
rc
in
e
as
tr
ov

ir
us
,P

or
ci
ne

en
te
ro
vi
ru
s,

Po
rc
in
e
pi
co

rn
av

ir
us

Ja
pa

n
H
gO

g2
-4
/2

01
5

Si
ng

le
To

tt
or
i

20
15

.7
.1
5

2
m
on

th
s

W
it
ho

ut
di
ar
rh
ea

1
G
V
I

Po
rc
in
e
as
tr
ov

ir
us
,P

or
ci
ne

en
te
ro
vi
ru
s,

Po
rc
in
e
pi
co

rn
av

ir
us

Ja
pa

n
Is
hi
-I
m
1/

20
15

Po
ol
ed

Is
hi
ka

w
a

20
15

.1
1.
6

54
W
it
ho

ut
di
ar
rh
ea

4
G
II
I,
G
V
II
(2
),
G
V
II
I

Po
rc
in
e
as
tr
ov

ir
us
,P

os
av

ir
us
,
Te

ch
ov

ir
us
,P

ic
ob

ir
na

vi
ru
s

Is
hi
-I
m
3/

20
15

Po
ol
ed

Is
hi
ka

w
a

20
15

.1
1.
6

30
W
it
ho

ut
di
ar
rh
ea

2
G
II
I,
G
V
II

Po
rc
in
e
as
tr
ov

ir
us
,S

ap
el
ov

ir
us
,
Po

sa
vi
ru
s,

Pi
co

bi
rn
av

ir
us

Is
hi
-K
ah

3/
20

15
Po

ol
ed

Is
hi
ka

w
a

20
15

.1
1.
5

16
M
ild

di
ar
rh
ea

1
G
II
I

Po
rc
in
e
en

te
ro
vi
ru
s,

Po
rc
in
e
ko

bu
vi
ru
s

Is
hi
-I
m
7/

20
16

Si
ng

le
Is
hi
ka

w
a

20
16

.1
1.
25

11
W
it
ho

ut
di
ar
rh
ea

4
G
II
I,
G
V
I,
G
X
,G

X
I

Te
sc
ho

vi
ru
s,

Po
rc
in
e
en

te
ro
vi
ru
s,

Po
sa
vi
ru
s,

Po
rc
in
e
ro
ta
vi
ru
s
A

Is
hi
-I
m
9/

20
16

Si
ng

le
Is
hi
ka

w
a

20
16

.1
1.
25

11
W
it
ho

ut
di
ar
rh
ea

1
G
V
I

Te
sc
ho

vi
ru
s,
Po

rc
in
e
en

te
ro
vi
ru
s,
Pi
co

bi
rn
av

ir
us
,P

or
ci
ne

ko
bu

vi
ru
s,
Po

rc
in
e
ro
ta
vi
ru
s

A
,P

or
ci
ne

ro
ta
vi
ru
s
C

Is
hi
-K
ah

6/
20

16
Si
ng

le
Is
hi
ka

w
a

20
16

.1
1.
30

16
W
it
ho

ut
di
ar
rh
ea

1
G
II
I

Po
rc
in
e
en

te
ro
vi
ru
s,

Po
rc
in
e
ko

bu
vi
ru
s,

Po
rc
in
e
ro
ta
vi
ru
s
C

H
gY

a1
/2

01
6

Si
ng

le
To

tt
or
i

20
16

.1
2.
2

2
m
on

th
s

W
it
ho

ut
di
ar
rh
ea

3
G
II
I,
G
X
I
(2
)

Po
rc
in
e
as
tr
ov

ir
us
,S

ap
el
ov

ir
us
,
Po

rc
in
e
en

te
ro
vi
ru
s,

Po
rc
in
e
ro
ta
vi
ru
s
A
,P

or
ci
ne

ro
ta
vi
ru
s
C

H
gY

a2
/2

01
6

Si
ng

le
To

tt
or
i

20
16

.1
2.
2

2
m
on

th
s

W
it
ho

ut
di
ar
rh
ea

2
G
II
I
(2
)

Po
rc
in
e
as
tr
ov

ir
us
,S

ap
el
ov

ir
us
,
Po

rc
in
e
ro
ta
vi
ru
s
B,

Po
rc
in
e
ro
ta
vi
ru
s
C

H
gT

a1
/2

01
6

Si
ng

le
To

tt
or
i

20
16

.1
2.
2

2
m
on

th
s

W
it
ho

ut
di
ar
rh
ea

1
G
II
I

Po
rc
in
e
as
tr
ov

ir
us
,P

ic
ob

ir
na

vi
ru
s

H
gT

a2
/2

01
6

Si
ng

le
To

tt
or
i

20
16

.1
2.
2

2
m
on

th
s

W
it
ho

ut
di
ar
rh
ea

1
G
X

Po
rc
in
e
en

te
ro
vi
ru
s,

Pi
co

bi
rn
av

ir
us

H
gT

a3
/2

01
6

Si
ng

le
To

tt
or
i

20
16

.1
2.
2

2
m
on

th
s

W
it
ho

ut
di
ar
rh
ea

2
G
II
I,
G
X

Po
rc
in
e
as
tr
ov

ir
us
,P

or
ci
ne

en
te
ro
vi
ru
s,

Po
rc
in
e
ro
ta
vi
ru
s
B

M. Kuroda et al. Infection, Genetics and Evolution 55 (2017) 209–217

210



Download English Version:

https://daneshyari.com/en/article/5590362

Download Persian Version:

https://daneshyari.com/article/5590362

Daneshyari.com

https://daneshyari.com/en/article/5590362
https://daneshyari.com/article/5590362
https://daneshyari.com

