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Characterization of G9 genotype porcine rotavirus isolated in Korea
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Porcine rotaviruses are the most common causes of viral gastroenteritis in piglets around the world. The
major G genotypes of porcine rotaviruses causing diarrhea were G4, G5 and G11 genotypes. Recently,
G9 genotype rotaviruses were problemed at swine farms and frequently recognized from diarrheic
piglets. In this study, a porcine rotavirus (PoRV-1) was isolated from piglet showing diarrhea using
MA104 cells and confirmed as rotavirus by electron microscopy, genomic RNA electropherotyping and
indirect immunofluorescence antibody tests. The nucleotide sequence of the VP7 gene of PoRV-1 was
determined and compared with those of other genotype rotavirus strains from other parts of the world.
Also, the nucleotide sequences of VP4, VP6 and NSP4 genes of PoRV-1 were determined and com-
pared with those of other rotavirus strains from other countries. The results showed that the PoRV-1
isolate belonged to the G9 genotype and the P, I and E genotypes of PoRV-1 were P[23], IS5 and El,
respectively. The Korean G9 PoRV-1 isolate and its nucleotide sequence data would be usefully used
for the development of porcine rotavirus vaccines in near future.
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o]-g5to] Hiolg| X HA| A] 7 o] To{st= Al W
FEAEA Fatt TS o FZol= calcium-de-
pendent signal transduction pathwayS Z3}| chloride &
HE fEdte Ead qFe vk gt
(Tafazoli -5, 2001).

27]0] Zeputole st capsid THUe] BFUA o
w2} H(group), OFt(subgroup) L]l T A FH(sero-
type) o2 ERIE|QrHEstes 5, 1983; Estes@} Kapi-
kian, 2007). ZER}oO]H A & FASHA HHo| 9
sfo] Aol Sl VPee] el ket 77
TAG)CE EFEM, HAA= A, B 22al C+
o] ikl glon} tiREe] ZEpufolH A AL
= Ao 9OJsto Uofdth(Estes?} Kapikian, 2007;
Yolken 5, 1988). E3t, ZEpHlo]& 9] w2 capsid
£ TSI Qe TuEQ) VPTH VP EgAo
2 FIHAE Fest ol59 e/l webA 7t
7 G WHRI P YPPoR FEsIGO Hols
A7 Ee] zfolof &gt G §-4AH(G genotype)t P
FRAAYEP genotype) o HRAA HHHOR Abg
=i ok =R = 4709 G FHAR(GS3, G4,
G19 18] Gl 2719] P {2 A (P[6]2F P[7])°]
T2 HI¥sHA EeEoH o= G, G2, G6,
G8, G9 181 Gl0 SAAET P[8] S, P[I3] =,
P[19] 5, P[23] &, P[26] Z12]aL P[27] A} o]
Ao A gl = i th(Bellinzoni 5, 1990; Huang &,
1993; Liprandi &, 2003; Martella 5, 2001; Pongsu-
wanna 5, 1996; Rosen 5, 1994).

oldl Aol HT vl F MATe|N Fag
FYPoR MIHT gl GoF WA Refujolg Al
MA104 A& o]&sto =4 23t &, EeH G9

Table 1. Oligonucleotide primers used in this study

3 ZEptol o] EAgESHY SAS qFsha
ej=rol A Hid U AP ZEpuol] et
U 22 =A ZERRe] Y
H gl A5 G9F H A =E

ZEHHI0IZ A Bl 3 ol

20109 3 T4l ol
ZAbg moliz 28U 0] ojal HH|
[e]

el MA104 A|EL 5% ZEjol dH(fetal bovine
serum; FBS)(Invitrogen, USA)X} gentamycin sulfate
(KukJe, South Korea)7} #7}% o-minimum essential
medium (o-MEM)(Invitrogen, USA)2 AF2-3}o] HjoF
shplom HjA|ZERRPo|2A 2= Sato F(1981)3}
Kang 5(1986)°] o] wef ohaat 22 Wes
s &, FATE A7HE o-MEM S 2 AL
HZ 10% (w/v) 3]4151e] 3,000 pmefl Al 1027F 4]
3 AFZolube #s}lo] 0.2 um syringe filter® o]
Hstgit. o et 7 = ol trypsin (Sigma, USA)
& HFE=7F 10 pgmlo] HEE H7kste] 37°CofA]
3027 HREAIFTE @S] FAE MAL04 AlxZE
-MEMO 2 23] A& 5, uypsin A 2¥ 717
e AEaiol 37°ColA 147 FAAAG. T ¥
o-MEMO. 2 3] AIASIAL 1 ug/mle] trypsino] &7}
H o-MEME €11 37°C CO, 87|04 7¢3t 34

ot

Gene Polarity Sequence (5'—3") Position* Size (bp)

VP4 Sense GGCTATAAAATGGCTTCGCT 1~20 887
Antisense GACCACTTATACCCTAGACCAC 866 ~887
Sense GAGCTCAGGCGAATGAAGAT 752~771 991
Antisense CTCGAAATTGATGAAGCAGCG 1,722~1,742
Sense GTGCCATCGAATGACGATTAT 1,432~1,452 931
Antisense GGTCACATCCTCTGTACGTT 2,343 ~2,362

VP6 Sense GGCTTTTAAACGAAGTCTTCATCATGG 1~27 1,353
Antisense GGTCACATCCTCTCACTATACTGCTG 1,328 ~1,353

VP7 Sense GGCTTTAAAAGAGAGAATTTCC 1~22 1,063
Antisense GGTCACATCATACAATTCTAATC 1,041 ~1,063

NSP4 Sense GGCTTTTAAAAGTTCTGTTCCGAG 1~24 754
Antisense GGTCACATTAAGACCGTTCCTT 733~754

*The position of each primer was determined based on GenBank acession No.: JQ343833 ~JQ343836.
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vjeFstaict. viek 79 Fe Al R/ & K(cytopathic
effect, CPE)7} UEtU=A15 #&staL CPE7} UERL
Al = W FHAES 33 Al = 5

7b BHelEl Hhol ¥ Ak plaque assay S 38] A A
Asto] ZEpulolElas S Beleigith &4 Rl

H vlolgaes HAEZFAE o &7t TP BIA
(indirect fluorescent antibody technique, IFA) (Shaw &,
1992), Z1x}& u]7(Carl Zeiss, Libra 120, Germany)
ZF 4 RNA electropherotypingt-& ©]-&35}0] ZE}H}0]
HAR FEAHoF eIl o, VP4, VP6, VP7 U
NSP4 G717} 9714 Belo] ALga}TY.

ZEHHI0IZ A9 EXIYEYH 54

Primer ®|Z=: ZEldfo]a]A 9] VP4, VP6, VP7 12
TONSPA AR 97IMY BRIS gt primers
GenBank®] dataZ 7]|% = 3}o] Table 13} Zro] A2+
3} THGenBank accession Number: JQ343833 ~J(Q343836).

RNA =& HHH: Viral RNAE= QIAamp viral RNA
mini kit (Qiagen, Germany)S AF8-3}0] A Z2ALS] &4
of W #&atol ztzke] 4707k DNA FHAo) ALE
aksich.

Reverse transcriptase polymerase chain reaction (RT-
PCR): 7}7}9] G- A o] tfah ¢cDNAL PrimeScript™
Ist strand cDNA synthesis kit (Takara, Japan)S A5}
of thZ ol sttt &, 353 viral RNA S
wle] dNTP mixture (10 mM) 1 wl, z-2+e] Az}
sense % antisense primer (10 pM/ul) 1 ul, 5%
PrimeScript buffer 4 pl, RNase inhibitor (40 U/ul) 0.5
ul, PrimeScript RT (200 U/wl) 1 ul, Z128]3 RNase free
TR 6.5 WE Fol HA vhg-87F 20 wE 42°CY
A 604 121 70°CollA] 1583 REG-AlAH cDNAE
A5k 0 3 E cDNAE VP4, VP6, VP7 181l
NSP4 A7} ZEL o5 AgsTh

VP4t VPT GARE ZESL] Sjsko] Zhzte] &
ZA}o]| thsle] A5 ¢DNA 5 ulof] 10x ExTaq buffer
(Takara, Japan) 4 ul, Taq DNA polymerase (5 U/ul;
Takara, Japan) 1 ul, VP49} VP7 FZA}e]| Eo]&l
sense 4 antisense primer (10 pM/ul) Z}ZF 1 ul, 2.5
mM dNTP 3 ul Z12]31 RNase free SHF 25 WE ¢
of HA| W& 40 wE A7) (Takara, Japan)
E A5l 95°Co)| A 587} denaturationd}$jth. o] o]
95°Col| A 18, 51°Col| A 18, 72°Col|A] 18 30%7t 35

39 cycle® ZE3}al 72°CollA] 1087} extensionS
AAshee,

VP6 4779k NSP4 fHAFS] 79 PCR MG %
A = annealing =%t VP6 §HA = 57°C 18]t
NSP4 §AAIE SFCR LWl TE 2AL mE
VP49} VP7 GRS S35t -2 whos 4-3)s)
At} PCR ®HE- &, S35t Hh3AHE2 1.5% agarose
gelol 4 A7 45T F 22 478 Ak

SEA el7|Mg BAL: S 2] 2eptols VP,
VP6, VP7 12|71 NSP4 S-#z}o] 7| A de A}
7] 9J5}e] PCR WH3AHES QIAquick gel extraction
kit (Qiagen, Germany)E ©]-§3lo] A|AF] Hw#of
wpef GAske] |74 G4 8] A Cosmogenetec, Korea)
o d7IAYE £4L =sisitt. 2AE PoRV-1
strain®] VP4, VP6, VP7 12|11 NSP4 §-Hx}9] &7]
AEE Clustal X (1.7) programe ©|-83}o] NCBI
GenBank data baseso] 55% group A ZERO[Z A
So) $07 Q714D ohE Aestel $A4 A
<= FoRlth T2 9714 %2 PHYLIP pack-
aged ol45}0] AE4E HAI5I0] phylogenctic tree
+ neighbour-joining algorithm= ©]-835}o] 2-AJ3} Tt
(DNASTAR, Madison, USA).
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Fig. 1. Electron micrograph of cell culture-adapted PoRV-1 isolates.
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HE3te mlolgls o 2elE Alweh B3, ZEpto) AT 5= AMHH(Fig. 3).
Aag BT 4 girh BeE vleleiat MAIG  apyioiaiao) SISO S

Alzzof| Al 29 A AlhujeFol A ZEfEfole A 579
CPEZ UE oW plague purification O & 44 &
215 v}o]ZAE PoRV-1 strain® 2 Hs}&ict
w4 2% PoRV-1 Hfo|Z A5 MAL04 A|3ZoA|
HjoFst & vpo|g|AE = AR5} negative stain-
ingsto] AApdAm|F oz st Ada Fig 13 2ol
2epilol o 4] wpel 27 70 nm

A E O

=T
719 wpelels e WA S Qe 23t
Hio]H A0l RNA #A7|%5 patternS EHR13t7] 95}

o] RNA electropherotyping2 A A3t 23}, Fig. 29} 2
o] ZEHlo|H A 519 117) bandE T = QU3
om HRA|ZEpHPO|H A FEFFE AMESE Gottfried 2}
OSU straini}= <& 1013} 11HA §A A= short
patterng W Gtk E3h 2EpHPo|2lA So| A E3)
AE ol&sto] WP FIFAF ez FIg 4, &
o 2% HpolgA7F T MAL04 Al|szof A Al
2 Yol 5ol S Uetdo] 2epHlolg A=

[e] =

RNA
Segment
Gott OSU PoRV-1 No.

Fig. 2. Polyacrylamide gel electropherotypes of cell culture-adapted
PoRV-1 isolate. The RNA segments of the Gottfried and OSU strain
are shown.

2 Ha] ZEeplo]y A PoRV-1 strain®] VP4,
VP6, VP7 183 NSP4 Azl AA A7|Ade
ZAA3lo] NCBI GenBankol| 523t 3 ZFZ} accession
number JQ343833, JQ343834, JQ343835, 121 JQ343832
2 x]ukgrct

VP7 RTA H7|MF: = &2] PoRV-1 ZEH}O]
H2 VP7 §2AE BEA%F A7), VPT7 open reading
frame (ORF)= W= 981719 7|z TAE 0
] 32679] ofv]lAbS encodedl= AC 2 RIE Q)
t}. E3k, PoRV-12] VP7 &A=} 97] 4 A3} GenBank
of =R elmuelrel VPT SAjel A
AFSE A3k, PoRV-13} group Aol 438l= ZEfujo]d
29 e s 61.4~923% RS2 LETE
£3], 69 genotyped] <t A} w7 ZEfulol
A9l 7h7} 86.7~87.1%%9} 90.7~92.3%2] H] WA =

[e]
=

= 4SS B S Y G7 genotypedl] £5t= 27
ZehrtolglA Ch-29H= 61.4%9] We A4S Ue

W ACHFig. 4).

VP4 FEA H7IME: =) 2] PoRV-1 ZEfH}O]
2] VP4 GRS 247 23}, VP4 ORF= HF
2334709 A7IMEE FAERCH 777709 ot
AFS encodedt= Ao 2 EQIE QUL Genotype G9S
= ShelEl PoRV-10] a3t VP4 547 217] A7} o}

P AR §HH RS AP 9ot
of VP7 A4 BT e wen zAB
Group A ZEMa}o|H 29 P GHAAHT GAAAS H]
I B3 A7} PoRV-19] $HAEL P32 &<l

A=A o 884~

°
Hyon e P fAAPT 32
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Fig. 3. Immunofluorescence of
mock (A) and PoRV-1 infected (B)
MA104 cells using rotavirus speci-
fic monoclonal antibodies.
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Fig. 4. Phylogenetic tree of the complete VP7 gene of a Korean
porcine rotavirus (PoRV-1) and other representative G genotype
rotavirus strains. Po: porcine, Hu: human, Eq: equine, Si: simian, Bo:
bovine, Pi: pigeon, Tu: turkey, Ch: chicken. The number in
parentheses indicates the G genotype and viral strains in box belong
to the same genotype.
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Fig. 5. Phylogenetic tree of the complete VP4 gene of a Korean
porcine rotavirus (PoRV-1) and other representative P genotype
rotavirus strains. Po: porcine, Fe: feline, Si: simian, Eq: equine, Mu:
murine, Hu: human, Bo: bovine, Ov: ovine, La: lapine, Pi: pigeon,
Tu: turkey, Ch: chicken. The number in parentheses indicates the P
genotype and viral strains in box belong to the same genotype.
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Fig. 6. Phylogenetic tree of the complete VP6 gene of a Korean
porcine rotavirus (PoRV-1) and other representative 1 genotype
rotavirus strains. Hu: human, Po: porcine, Eq: equine, Si: simian,
Mu: murine, Pi: pigeon, Tu: turkey, Ch: chicken. The number in
parentheses indicates the I enotype and viral strains in box belong to
the same genotype.
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Fig. 7. Phylogenetic tree of the complete NSP4 gene of a Korean
porcine rotavirus (PoRV-1) and other representative E genotype
rotavirus strains. Hu: human, Po: porcine, Bo: bovine, Si: simian, La:
lapine, Mu: murine, Pi: pigeon, Tu: turkey, Ch: chicken. The number
in parentheses indicates the E genotype and viral strains in box
belong to the same genotype.

< Hof P[23] f4AE Wol AR thE clusters
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L9170 71 E= A= o] 3ler 39671 o] Ao g Je| AHLEI 9l on Sato 5(1981)2 A=
ARS: encodingdtal Q1%ITth PoRV-1 VP6 F-AAE ElHlo] Y AE Hlsli=g MAIM4 AHZE A3}

GenBankol| Rl F&E3 At 2EHHO|Z{X VP6
$7Re] Q7147 b Astol ulaa Ak 2
o AAY 150 Sei wolzag] fuAel:
89.9~96.3%2] AEALS How, o= SAHAFT}
L 669~ 8468%4 A5Ae Bk oA 2
E PoRV-1 strain ZER}O|H AL oA HIlH
PRG9121 (91.2%)3} Z==to| A ®I1%E] NMTL (90.7%)
Hop sffolA &) HiE ohE ZrpHpo]g| A3l
PRG921 18]3l PRGY942 (90.5~90.9%)3} S-H =}
SA0] Be Ao UeittiFig 6)

NSP4 RTIX} H7|MH: W) 2] PoRV-1 ZEFH}O]
2]~ NSP4 S M7}Z HA3t A7}, NSP4 ORF= B
5287119 A7IAE= FAEO e 175719 ofn]
A2 encoding S} th PoRV-1 strain NSP4 372 =}
o 2 W =ojol A WuE BB W AlgEehuole
2 NSPA 7S] YIS ThE ko] vt
A3, 2 §AAY Elo] &l vojzize] $H
Sh 905-94.5%¢] AHEAS BoH], b2 fA)
Pz 55.3~85.8%9] A5 S EAUTh oA &
215 PoRV-1:= ZUjolA R1%E PRGII21, PRGI21
12T PRG942 (90.5~90.9%) R Th= ZarolA K1
5] NMTL (94.5%)7} SAFst A0 & UebdthFig. 7).

1%
| et g Al A EH HAE 3 EAoR
sl Ao UdAR FEACNA Fad 91HS
A& k. MAHECNA F2 G3, G4, G5 12
i Gll xj_x}sﬂgq Zehlol g AVl 28 HajEglo
o o5 §AAEL Plole} P[T] %XJ_XF%E} EX X
)31 9lckRosen . 1994). F220l GO £704
mefitolg 27t Bl HE wWs] dEED Utk

(Collins -5, 2010, Okitsu -5, 2011; Teodoroff -5,
2005). o] HATtof A= 20109 ZERHIO|H A Ao Z
sl HR) EHAES o) gstel 2AuNS
S sA Rebulol e A8 wiphielat, elE 2eh)
olg]A0] Z2@Q 9AAel VP4, VP6, VPT 2! NSP42)]
W71 Ee Qlsto] 7|Eo Hitd Abge 3Rt

oe) B Zehutolg A5 @714 ghol §
AR APBAS 2AHAT,
Sepupolel s Bl Ul ujoro] MAIO4 A|E7} v
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upol el A8 trypsin© 2 A5k w4 ol uypsing
AAGORA B AR vloleag HH £
23 4 qoleh ol ATIAE Sao H(1981)3}
Kang 5(1986)°] ¥ vlolelx Helg Amgh
Az, BHoRRE vlolgA A &5 B
ou, e uors 2Aupatel A ehtole s B4
o AEUAEIE B S A B A4

PlAes EAMENE GAsdE o 2ebolels
WS BRI 5 9k B AN 69 &

A sx) 2epupol e 20) 2 FHelste] Mg
H QlOUK(Kim 5, 2010) WS- A& och. o]

TollAl wejE A Zepuato] g A B Ao A BAITN
9l IR Gkl -85k &8E Aoem At
gk

o] &ito|A] H2]E PoRV-1 strain G9 -3#2}3
o7 sholE 9tk GY $AAE Zepdlo]lg Ak oJA)
How 23 G SARFHGI-4 12 G9)O] Lt
2 A QAR A&Hd BT IS B3 )
t}. G §AY ZEeploly Al 1983 (Clack 5,

1987; Nakagomi &, 1990)0f w]=1} HiEof|A] 2|5
2 5aE F 100] W7k o] gitksk 19904y
whof| thA] 15 9 HClark 5, 2004). 1980 T o]
25l 69§14y eplolei At P8I} 23S o
21 “long” electropherotype®} subgroup I Eo|AS
FARA, ThA] et GO 7k EE}HMEM%
subgroup I = II E°]AL 71X 9 P[4], P[6], P[8
P[9], P[11], ®&= P[19]} == O]—%T— ZJ'ZJ'
“short” T+ “long” electropherotypes 7}A] L
Aok 9 wAAEsHoR Aolr Yok
% thHoshino %, 2005).
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