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Studies on the VP4 and VP7 Genes of Bovine Rotaviruses from
Field Samples Using RT-PCR and RFLP Analysis

Seong-Jin Jeon, Chung-Ho Chang', Chung-Won Chung’,
Won-Yong Kim’ and Shien-Young Kang

College of Veterinary Medicine, Chungbuk National University Cheongju 361-763,
'National Veterinary Research Institute, Anyang 430-016, ZCollege of Medicine,
Chungang University, Seoul 156-756, Korea

Characterizations of the VP4 (P type) and VP7 (G type) genes of Korean isolates of bovine
rotavirus were performed using RT-PCR/RFLP and nucleotide sequencing analysis. After RT-
PCR amplification of partial length (1094bp) of the VP4 and full length (1062bp) of the VP7
genes, amplified PCR products were digested with restriction endonucleases and digestion
patterns were compared with those of reference rotaviruses. With the VP4 genes, four RFLP (A-
D) profiles were observed; three (A, B and C) were the same as those of bovine rotavirus
NCDV (P[1]), IND (P[5]) and B223 (P[11]), respectively. Profile D was the same as that of
porcine rotavirus OSU (P{7]). With the VP7 genes, five RFLP profiles (I-V) were observed;
three of them (I, II and III) were the same as those of bovine rotavirus NCDV (G6), Cody 1-801
(G8), and B223 (G10), respectively. Profile IV and V were atypical to those of reference bovine
rotaviruses used in this study. These two profiles were identified as G6 and G5, respectively,
after analyzing and comparing the nucleotide sequences.

The G typing analysis revealed that 61.9% (26/42) were G6, which included G6 subtype; 28.6%
(12/42) were G5; 7.1% (3/42) were G10; 2.4% (1/42) were G8. The P typing analysis revealed
that 54.8% (23/42) were P[5); 28.6% (12/42) were P[7]; 11.8% (5/42) were P[11]; 4.8% (2/42)
were P[1].

Our results showed that G6/P[S] were the most prevalent rotaviruses in diartheic calves in

Korea. Also, this is the first report that G5/P[7] rotaviruses were identified from cattle with
diarrhea.
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2 Efulo] 8l 2 & Reoviridae familyel] 4:351= u}
ol 22 A S XY RE IREE Y 2
FoAM S F2A7 = A ¢iA Yok
(1~3). ZEuto] 2|2 ) gto] glm 27 75nme)
220 A protein capsidE 7}AW 1179 BAH
322 742 31 91+ double-stranded RNA (dsRNA)
Hho] 2} 22 A] outer capsid proteins, inner capsid
proteins 18] 11 core2 FA} o] Qi) [1, 2).

ZEhuto] 2] 29 outer capsid proteinsoll = H}o)
a0 WAy, MARY W YR S g
B}l = VP4 (viral protein 4, gene segment 4¢j ¢)
&} encode )<} VP7 (viral protein 7, straino]] wha}
A gene segment 7, 8 T 99 9] encoded )o)
dom, o)5& 27 EPH oz 23} g9 A
AHE T[4, 5] ZEHtolB A o] 5 o
2 Ao Fol4o) wal zzt P (protease sen-
sitive protein) type¥} G (glycoprotein) type o 2 25
o)t} [6, 7]. G type E-Foll oJ5tH serogroup
Acll& 1471 8] G A Fo] Bm FojA gr}.

&oA EHHE Zehto]P 2 WEE sero-
group Ao &3l serogroup Coll 4:38t= Zeju}
ol 271 Bago] rh [8). Serogroup Aol} 43}
= 4 Zehuloly 2 d| & G, G2, G3, G6, G8, G10
%G1l 8HFPo] Bu Hojgon, o]F G6s}
G10 834 ¥o| 714 #o| BXHo| & Aoz
48] 4 11, NCDV$} B223 straino} Z}Z} G6 ¢+ G10
4% 2EFE 294 U [9~11]. =
& ZEhalol g 2ol = 3709 P AP (P[1], P[5],
P[11])e] ZA5% NCDVsSt IND 783 B223
strain z}t2} P[1}, P[], P[11] 3 &) §2F =
e} 9o} [9]. BebA ZEutol Ao NCDV
strain®} IND 18] 11 B223 strain& z}2} G6/P[1],
G6/P[5], G10/P[11]2.2 G type} P typeo] =% o
E JFAE 5 A9, 12).

A Get P typed TR W= plaque
reduction, fluorescent focus neutralization (FFN), &
AR 5olAQ GAEZAES o] £3 ELISA,
B Yo 5o)2Ql probeE o] &3t hybridization,
RT-PCR (Reverse transcriptase-polymerase chain
reaction), RFLP (Restriction fragment length po-
lymorphism) analysis ~12] 3 gene sequencing 5-<]
B o) &35tm gtk [6, 9, 13~17].

TN A 5 [18]12 T Folxle T /7|

b ol At AALERE 2AE A9 1567)
o] AALRW F 1087 (69.2%) EW oA Z e}
°|2{2E ELISAY 2 2 H&3 A =8 ¢+ 5
< FW & 2eputolg 2] R Fel REF
M FIEFAE YAstd 54 & AT
HAEGAE o] &3 FAVIAGEY S ANLst
ATt [19].
& ATE Fokx] HAHEE 3 MA1L04 A Lo
3He =) 215X ZEeputol g 2o) A
3}l RT-PCR¥} RFLP o2 G9} P type
ZAFstA

e

X

==

ERCTTTY
1. ujolaia W EHME

4 ZElulolg A EFFE NCDV (G6/P[1]),
IND (G6/P[5]), Cody 1-801 (G8/P[1]), B223 (G10/
P[11]) 28] =x] ZElnolH A FFEFE OSU
(GSP[TDE AH&3tE o o] 5 ulo]2] A& MAIK4
cell 4 Z4 89t} [9, 12]. ZWlelA] Beld 4
Zetutol 22 8l Zetulolg A YA BH A
H £ Table 1] EA]H o] gt}

2. dlo|3{A 2| RNA £&

Zetutolgl 2 EEF G Ul £ Fo A
FE2 vpolg| 20 ZHdY AXE uWigYe D
3 FHole HA L 33 AAY T uigd 600 w
o] %3] phenol-chloroformZ @ 1 & A& t}&
A E2 A 5ol 4M sodium acetate (0.1
volumes)$} 100% o €k (3 volumes)S 21 -20T
oA 10412t B A o2 A28
F5dE Wi 70% B2 238 AHA)
Pellet-2 7212A]7] ¥ DEPC (diethyl pyrocarbonate,
Sigma) A2ld FFFTZ AFLRFAA AL o
7hA 20T A s A Tk AR o2 2E bt
ol2) 2 &4} %2 Rosen et al9] WHH-& o] &35}
S} [20). 7rekElAl 7148}, Tris-CaCl, buffer
(0.1M Tris, 10mM CaCl,, pH 7.4)0] E@Aas
1:100] H =5 543 of3 AR s F2o
< ZALHA Ao 4Zdq 10% SDS
(sodium dodecyl sulfate, 0.1 volumes)®} 3M sodium
acetate (0.1 volumes, pH 5.2)5 A7}35l3 VA S
% 9] phenol-chloroformE ¥ 1 & 42 & 94
st 4Z o] 4M sodium acetate (0.1
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volumes)$} 100% ol ¥H-& (3 volumes) @ 31 20T
olA 10A13F F<t A AN F dA R 4
FoA2 W22 0% A9 28 ARG F pel.
letZ 21ZAZit}. DEPC A8 d ZHFZ pellet
< ARH AR b ALEE T 7t] 20T A
et

Table 1. Sources of bovine rotavirus Korea isolates
and fecal samples used in this study

Korea isolates Fecal samples’

Names Source Names  Source
A 28 &) 4 25 34
CP) 5 AF (FF) 5 2 L4
EP) S5 HAFEEH 6 22 23
M4 Fg Adg 10 5 FF
VMRI u] A 18 =2 2=
VRI-2 u] A 19 =3 o4
VRI-3 o] 4k 20 EFH 24
A 7]-1 A= 21 5 FF
0221-7 g A4t 2 2R 3
04771-1 23 A4 23 3 Yok
1(6) 2= Wy 29 5 E2F
101 u] 2 34 5 &4
209 24z ga3 B FEFF
28 =g 4% 43 F8 Z2F
288 4% 4 FE 23
32 TE s 9 5 =
48 4% 61 F& 23
55086 Ak 70 2B 2=
55602 A
592 9 A
598 23 A
678 2 M
90065 a] A}
91181 IR

* Tissue culture adapted bovin rotaviruses isolated
from samples
Rotavirus positive fecal samples by electron micro-
scopy and SDS-PAGE analysis

3. M7|4 & (Polyacrylamide gel electrophore-
sis: PAGE)

#FZ% 49 dsRNAE 7.5% polyacrylamide gel #}o]
Al 12mAR 14~16A17F A7| 9 =38 T ethidium
bromide (0.5 pg/ml)2 & M3l UV illuminator =
£2]9 RNAS {75 glstsidl (15, 26].

4. RT-PCR (Reverse transcriptase-polymerase
chain reaction)

RNA 4 &9l DMSO (dimethyl sulfoxide, Sigma)
£ ¥ 100TAA 58 WA T 2o B
#alAh. /4 66 pl, 10x PCR reaction buffer
10 pl, 25 mM MgClL 5 pl, ANTP (Z}2} 2.0 mM,
Amersham) 8 pl, primer (+ sense ¥ - sense, 20
pmol) 2 ul, RNA template 6 pl, RNase inhibitor
(Gibco BRL) 6.25 units, RT (Reverse transcriptase,
Gibco BRL) 50 units, Tag DNA polymerase (Perkin-
Elmer) 2.5 units& ¢ ) t}. Primer Table 20§ A
b Zo] VP72 {A A} (1062bp) A A, VP4 &
FE (1094bp)TE SEL 5 NEF AFEA
t}. cDNA &4 (37T, 90 min), RT &3} 2 pre
PCR (95T, 5 min), PCR (denaturation 94, 1 min,
annealing 55, 1 min, extension 72°C, 2 min, 30
cycles) 712] i post PCR (72T, 7 min)& GeneAmp
PCR System 2400 (Perkin-Elmer)ol| ] 4 A] 3} t}.
WS- A5 1% agarose gel’doll A A7 53 H
ethidium bromide 2 g 2 3}o bandE #9138} v}

5. RFLP (Restriction fragment length polymor-
phism)

G type 242 VP7 PCR WA 22 A8 ax s
EcoRV, BamHl, Hpall 71231 NlgIVE 37Tl A
1713 B2t &31A17] 3 1.5% agarose gel’doil A
A71gFetd BEF va ENFo =M AF
8. P type 24 2 G typed} n}37iR 2 whkg
A28 A4 EcoRV, Hpall 18] 1 NaIVE A3}

Table 2. Oligonucleotide primers for RT-PCR

Genes Sequence® (5'—3") Position
+ senes : GGC TTT AAA AGC GAG AAT TT 120
VP
7 (full' gene) ~ senes : GGT CAC ATC ATA CAA CTC TA 1043-1062
) + senes : GGC TTT AAA AGC GAG AAT TT 1-20
VP4 (partial gene) | s i AAT GCC TGT GAA TCG TCC CA 1075-1094

* The nucleotide sequences were obtained from GenBank (National Center for Biotechnology Information)
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NCDV
(P[1D)

IND

B223
(PI5) (PL11D  (PL7D

OoSuU

MEHNEHNEHNEHN

32 288 A

< 1,094bp

55086

MEHNEHNEHNONEHON

< 1,094bp

Fig. 1. Restriction endonuclease cleavage patterns of VP4 genes of reference rotaviruses (NCDV, IND, B223
and OSU strain: Top) and Korea isolates of bovine rotavirus (32, 288, A and 55086: Bottom). M: Marker, E:

EcoRV, H: Hpall, N: NialV.

Table 3. RFLP analysis of VP4 genes of bovine ro-
tavirus Korea isolates with restriction enzymes

. Enzymes
Profiles Types
EcoRV Hpall NlalV
A o . 935, 159 P[]

B 817°, 277 860, 234
C 885,209 589, 505
D . .

935, 159  P[5]
591, 503 P[11]
542, 520 P[7]

¥ Uncleaved (1094bp)

® The size of the bands (bp) obtained after enzyme
digestion were calculated on basis of nucleotide
sequence data

et

FAY SAELE TA vector (pCRII In-
vitrogen)ol| ligationg & E. colid] & A A &s}3)
o}, Ampicillin (50 pg/ml, Sigma)o] %,47]-% LB i
Aol IPTG (Isopropylthio-B-D-galactoside, 200 mg/
ml, Sigma)®} X-gal (5-bromo-4-chloro-3-indolyl-B-
D-galactoside, 20 mg/ml in dimethylformamide, Sig-

ma)E T AANA F F E colid =Wt
37CAA wiEE o g FEtE i
Eetav| =g FEAUT 72T 2N

AFEAZ A sl HE 9 insertZ2 2 T
1% agarose gelitoll 7|9 F&la] A& &35}
ot

cDNA9] 4714 d ZAAL Sanger®] dideoxy
chain terminationg Qa2 3] ALFexpress™
DNA Sequencer (Pharmacia Biotech)ol] 4] 41 A] &}
on G71AE B4 & clustal wel DNASIS =2

O ol &3

1. ZEHH}O|2{A RNA & U MI|d s

W 4 zeploles BeFeh FolA Al
PHoRRE Y& T2t AT 2
174 BN ZEpulolelz E5 bandE
#2¢ % AT £ ool as A19%
A8 5 serogroup Aol %3} long genome elec-

2125 nongroup AZ]

tropherotype  7}A] 1L
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NCDV  Codyl-108
(G6) (G8)

B223
(G10)

OSu
(G5)

MEBHNEBHNEBHNEDBHN

VRI-2 VRI-3 32

A

< 1,062bp

288 55086

MEBHNEBHNEBHNEBHNEBHNEDBHN

< 1,062bp

Fig. 2. Restriction fragment length polymorphism (RFLP) analysis of VP7 genes of reference rotaviruses
(NCDV, Cody 1-801, B223 and OSU strain: Top) and Korea isolates of bovine rotavirus (VRI-2, VRI-3, 32, A,
288 and 55086: Bottom). M: Marker, E: EcoRV, B: BamHI, H: Hpall, N: NlalV.

electropherotype & 2] 2] gkgkr).
2. RT-PCR

4 ZEehatele] A~ B E 5 (NCDV, IND, Cody I-
801, B223) 2 shx] Zelupol A X FF (OSU)
2 AVIdE 2% ZephlolEa FHow
dHE 427§ AE2RE FFY RNAZ o] &3}
o] RT-PCRE 4l A3t A3} VP4 (partial genes):=
1094bp, VP7 (full genes)2 1062bpol] A = Z ] ] o}

3. RFLP analysis

FZE F+3F (NCDV, IND, B223, OSU)9|
VP4 FHAE A SAEA EcoRV, Hpall 181
NialVE 23tA17] & 7] % 3le] RFLPE £
g A3} Fig 13} Zo] 712 ez Yehgen
profile A, B, C, DE % W&} th. NCDVE Nlalvel

- A9t cleavage site7} Zx)3led 935bp, 159bpo)
bandE A 1, EcoRVE} Hpalld| A= &3}
€12 ggtth. INDE 370 &4 EcoRV, Hpall,
NialVol| cleavage site7} £ 8la] EcoRVE 817bp,

277bp, Hpallix= 860bp, 234bp, 1¥] 11 NlalVE
935bp, 159bpe] bandE A3l T B223 Tt
37} &4 EcoRV, Hpall, NlalV9l| cleavage site7}
ZA)3he] EcoRV 885bp, 209bp, Hpall= 589bp,
505bp, 18] 21 NlalVi= 591bp, 503bpe] band & &
A3t . OSUE NlalVel| A vt cleavage site7} &
Zj8le] 542bp, 520bpe} bandE A3 st} (Fig
1, Table 3). B M Z o] PCRAES AELR
A23AZ) F A7 DFE AT A g £
0] 288, A, 55086, 18] 11 32 7}z NCDV,
IND, B223, 18] 31 OSU%} 593 S e) 2 el
%At} (Fig. 1),

ZZ9 EFF (NCDV, Cody [-801, B223,
0oSU)2] VP7 A AE A8+ &4 EcoRV, BamHI,
Hpall 18)31 NlalVE A3HA 71 & A 7|9 %535}
o] RFLPZ ®A13 A3} Fig 29 Zo] 5714 &
el = vehston profile I I, IIL IV, V& W8}
9t NCDVE EcoRVEF Nlalvel cleavage sites}
=) ate] z+zh 600bp, 462bpet 627bp, 435bpe]
bnadZ A8l a1, BamHIZ} Hpalld X = 43}
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Table 4.

RFLP analysis of VP7 genes with restriction enzymes

. EnZymes
Profiles Types
EcoRV BamHI Hpall Nlalv
I 600, 462 . . 627, 435 G6
1l . 867", 195 . 416, 388, 195 G8
I 760, 215, 87 627, 435 835, 227 435, 369, 258, 63 G10
v 600, 462 . 682, 258 804, 258 G6 subtype
v 513, 462, 87 o .« . G5

* Uncleaved (1062bp)

The size of the bands (bp) obtained aftet enzyme digestion were calculated on basis of nucleotide sequence

data

Table 5. Comparison of nucleotide sequence homology of VP7 genes from Korea isolates of bovine rotavirus
(A, VRI-2, 288, 55086, and 32) and reference strains (NCDV, Cody 1-801, B223, and OSU)

Similarity (%)

Strains o "
NCDV Cody 1-801 B223 oSuU A VRI-2 288 55086 32

NCDV (G6) o 76 75 76 93 83 76 76 77
Cody 1-801 (G8) . 75 75 76 77 87 77 76
B223 (G10) . 75 75 76 75 96 76
OSU (G5) . 74 76 77 75 98
A . 83 75 77 76
VRI-2 . 75 78 78
288 . 77 78
55086 . 77
32 .

: 100% homology
"¢ Partial sequence data

HA] ¢str}. Cody 1-8012 BamHIZ} NlalVol A
ot cleavage site7} &2)3ld 242} 867bp, 195bp e}
416bp, 388bp, 195bpe] band® ¥4 35T} B223E
47 E A T cleavage site7} &3t EcoRV
+© 760bp, 215bp, 87bp, BamHI2 627bp, 435bp,
Hpall'= 835bp, 227bp, NlalVi 435bp, 369bp,
258bp, 63bp2] bandZ B A3+ th OSUE EcoRV
ol 2t cleavage site7} EANdka] 513bp, 462bp, 87bp
o} bandZ #AAJ sl o} (Fig. 2, Table 4). AN E
o] PCRAES B4R 4317 F #7495
ANG 23 S BHFA A, 55086, 18]
32& zhzh NCDV, B223, 183 OSUS 9%
P & e 1, 2882 EcoRV, BamHI Z.8] 11
NlalVell cleavage site7} A3l EcoRV 600bp,
462bp, BamHIZ 867bp, 195bp, NlalV= 804bp,
195bp, 53bp2} bandE & A3} th. VRI-2¢} VRI-
39] RFLP Z 3} NCDVe EcoRV$} BamHI pat-
tern3}= F U 8L A 7 Hpall €+ NialV patternol] 4]
£ 7}7} 682bp, 258bps} 804bp, 258bpE ThA A}

o7t AR (Fig. 2).
4. HI|IME 24

RFLP analysiso] ol3l 23 € = & Zepat
o] 29| G&} P typed FUstn HEF L Il
e F FAAY fAME gotEr] H3) +3
Zte] d71ME8& £ At

U BaF (A, VRE2, 288, 55086, 32)9 &
Fol G471 gL vlwg A3 Table 59 o] A
£ NCDVSE 93%2] & G714 AL B2
o o1} Cody I-8013}= 76%, B223%} &= 75% 12|
I OSUSH= 74%2] X432 Bt} G6 subtype
9l VRI2E NCDVS 83%9 URAL Bxw
Cody 1-801, B223, OSUS}= 2}2} 77%, 76%, 76%
o] YxAe BFr}. 2882 Cody I-8013= 87%,
NCDVel= 76%, B2239}= 75%, 12l OSUSH
L 77%9 UXAL Bk 55086 B223¢}
96%2] P71HQY AXNAHL HQP1 NCDVS=
76%, Cody 1-8013+= 77%, OSUSHE= 75%2) Y3
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Table 6. Prevalence of G and P types of bovine rotavirus isolates by RT-PCR and RFLP analysis

No. of samples (%)

G/P types
P[1] P[5] P[11] P[7] Total
G6 1(24) 23 (54.8) - - 24 (57.1)
G6 subtype - - 2 (48) - 2 (4.8)
G8 1 (2.4) - - - 1(249
G10 - - 3(7.1) - 3(7.1)
GS - - - 12 (28.6) 12 (28.6)
Total 2 (4.8) 23 (54.8) 5 (11.8) 12 (28.6) 42 (100)

g Btk 2% 0SUSH 98%9] Ee UYL
B3, NCDVst= 77%, Cody 1-8013 B223%
22} 76%9) X H & RAT

5. GR} P typee| 2%

] A& ZEpulo]e] A 2] RFLP analysis 2 se-
quencing Z 3} G type& G6 subtypeS T8I G6
type©] 61.9% (26/42)% 713 UurAQ Ao
= 93 A 1 G5 typeo] 28.6% (12/42), G10 type©]
7.1% (3/42) 18] 11 G8 typeo) 2.4% (1/42)e] s=o.
2 JERTh P type P[5] typeo] 54.8% (23/42)2
714 durAol gy o= vra A3 P7] type©)
28.6% (12/42), P[11] typec] 11.8% (5/42) 12] 1
P[1] type©] 4.8% (2/42)2} £=0 2 vtebyic}. E3,
A Zehatelaj s AP oz AT GS type
3 P[7) type©] Il & ZEprbol ] Rl Fol A
Z}z} 28.6% (12/42)2 VFE}ET) (Table 6).

G} P type2 Z33F A3 G6P[5)7} 548%
(23/42), G5/P[7]°] 28.6% (12/42), G10/P[11]°] 7%
(3/42), G6 subtype/P[11]°] 4.8% (2/42) 18] 1 G6/
P[1]3} G8/[1]0] 2}+2} 2.4% (1/42)2 FEbskch.

i 13

il

B adFdAe FU 4 Zehdtolgixe] Go
P ¥ A3 & RT-PCR¥} RFLP analysisZ &¢13} %]
1 Aol doste VPT frH A g7
MEE 233t REFH FAME vl ¥
Aetitt.

U A Zehwlolg 2o W3 VP4 FA A
RFLP analysis 2 7} =] £ 5] 288, A, 550862
4zt 4 2Etubol 229 EFEFQ] NCDV (P[1]),
IND (P[5]), B223 (P[11])2} L cleavage pat-
ternsS AP o 2 e F 32 & 2E
vlo]l & 2~ B FE59] cleavage patterns#H = z}o] &

Btk S £EF 29 Lol Aol @ patiems S
PG Bl 3P A8 e oe
FE 3 (0OSU, Gottfried strain)2] RFLP analysis&
ANt 2 A% dA Zebute] 21221 OSU
strain?} £ U3 cleavage pattemnsS 2913 o}
a8l: VP7 §AAke] RFLP 4 Ax} =W 2
2] 30l A9} 55086 zHzk NCDV (G6)9h B223
(G10)2] cleavage patternsi} FL 3 Z3E e}
WO} 288, VRE2, VRI-3 18]35 32 B F+= 4
ZEehglo)l E A RFEF 9 cleavage patterns3}+= 2}
olZ Hat} U #7F 288, VRI-2, VRI-3 1
2l 329) AP S A 93l & BF
Z (OSU, Gottfried strain)] RFLP ¥3} nu-
cleotide sequencingS AA|dI{th. W B F
2882 Cody 1-8017}= x}o] 2 B o1} Autzal
G8 type2] RFLP pattern®= A3 23} (EcoRV-
600bp, 462bp, BamHI-867bp, 195bp, Hpall-1062bp,
NIaIV-804bp, 195bp, 53bp)E FEMAZLT}. Chang
et al [9]°) 23 A= G8 typeQl 69M}
Cody 1-8018- T} 2 RFLP patten$- E{ Ty 21
gttt VRI-28} VRI-3E G6 type?l NCDV$}
83%2] nucleotide homology & X % ©.\} KN-4 (G6
subtype) [12}9}= BLAST (Basic Local Alignment
Search Tool) A3} 90% ©]¢9] FAME H A7
o] VRI-28} VRI-3Z G6 subtypeo & BF 314
t}. 32 sl X ZEbvto] & A9) OSU straind} Y
3} cleavage patterns= 21 90% ©]49] nu-
cleotide homology & G5 typed & 343 sttt
Suzuki er al [12]2 M EujFo g Hald 4&
A Zelntold 29 G P @A 3 & nested PCR
1oz FAE A3 G67Y 75%, G10°] 20% L
ga AP L THE F e AE) 5% EA
gohn Bt 1 P typed P[5]7} 55%, P[11]o]
27.5%, P[1]°] 10%, 131 7.5%= HPL T
WE 4 gickn Badtdth G P typed 2%
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gt A3 G657} 42.5%2 717 vkl g3
o2 ehds G6P[11]7 G6P[1]S 10%, G10/
P[11]2 75%=2 EElEAd vt B3t} Chang
et al [9]2 RT-PCR3} RFLP analysisZ o] &3}af
86 BRV (Bovine rotaviruses) fecal samples®] G
types ZAME A} G6= 60.5%, G102 19.8%,
G8L 7%, 2121 T #4E G6-+G10 10.4%
2 ZASATn Bk P types FAMF
AT}ol A P[S]E 64%, P[11]& 28%, P[1]S 1.2%
2 ZAstgdn Bastygon, G6/P[5] typeo)
46.7%% 717 WA EFH Folgtn H 13}
Ak

S & ZEhato] 2] 29 G9 Ptype © Go} P
types £2F Ao o7 YR ZAG
Ao} upAEA 2 G6, P[5], 18|31 G6/P[S]
typeo] 7H¢ FAISHA EABAT ol o} & A
Bz o= [9, 10], LB [12), 2w 2 & =
ehuto] g 29 7 dubE el A o] G6/P[S)
typed S & F AU 22} & el x
oA A Zehvbolel o) FRHIA Gsh P[]
o] ZALE R& 49} siAAlo|d A ZEpulo]
29| interspecies transmission = natural reas-
sortments7t LA 7| wf Folgtx Atg Hh

2o HA] EWoAM 49} Al 2Elulolg
29 d3Po g LA G629} G8 typee] Eal7}
BuH 211 & Zeinjola{xe] dwtAq)
AP G6 typeez LA o), Gema
et al [22]9] o8 AlFAAMNE BnE A} T3
G8 EAHHL AY A& AFoAN Bt d9
o} AdME B1uE ) [10]. Pongsuwanna et
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typee] 11.8% (5/42), P[1] typeo] 4.8% (2/42)9] &
o2 YERstT

3. G} P types 233t A3 G6/P[S)7} 54.8%
(23/42), G5/P[7]°] 28.6% (12/42), G10/P[11]e] 7%
(3/42), G6 subtype/P[11]°] 4.8% (2/42) 18] 1 G6/
P[1]3} G8/[1]°] 2+t 2.4% (1/42)2 =) A ZE}
vho] ) 29} 7HA AwkaQd A F 2 GO/P[5] type
Co.2 yrE )

4. A Zetutolyd 2o AFPo 2 YA
G5/P[7] typeo] FuUjollA 28.6% (12/42)2 }E}
P

5. @719 B4 43 A NCDVE 93%9)
2 d71E AxA L B o) Cody I-8017)
E 76%, B2239} = 75%, 18 1 OSUSHE 74%2)
A XA S B}t G6 subtype] VRI-2:= NCDV
9} 83%2] YAAL EY: Cody 1-801, B223,
OSUSt= 712} 77%, 76%, 76%2] LX]3-& B
t}. 2882 Cody [-8017} = 87%, NDCVelE 76%,
B2239} = 75% 18] 31 OSUSHE 77%9] DAL
B4t} 550862 B2239} 96%2] G719 AXA
£ WY 3, NCDVEHE 76%, Cody 1-8013 &= 77%,
OSUSHE 75%9] A XAS Bt 32% OSUst
98%9) & AXAFL Hg 1 NCDVSE 77%,
Cody I-8013} B223& z+7} 76%9] QXS Y
t}. matal A8k VRI2E G6, 2882 G8, 550862
G10, 32 GS type o 2 8431 o}

e

1. Estes MK, Palmer EL, Obijeski JF: Rotaviruses:
a review. Curr Top Microbiol Immunol 105:
123-184, 1983.

2. Estes MK, Cohen J: Rotavirus gene structure
and function. Microbiol Rev 53: 410-449, 1989.

3. Huang J, Nagesha HS, Snodgrass DR, Holmes
TH: Molecular and serological analyses of two
bovine rotaviruses (B-11 and B-60) causing calf
scours in Australia. J Clin Microbiol 30: 85-92,
1992.

4. Caust J, Dyall-Smith ML, Lazdins I, Holmes IH:
Glycosylation, an important modifier of rotavirus
antigenicity. Arch Virol 96: 123-134, 1987.

5. Ruggeri FM, Greenberg HB: Antibodies to the
trypsin cleavage peptide VP8 neutralize rotavirus

10.

11.

12.

13.

14.

-173 -

by inhibiting binding of virions to target cells
in culture. J Virol 65: 2211-2219, 1991.

. Gouvea V, Santos N, Timenetsky MC: VP4

typing of bovine and porcine group A rotaviruses
by PCR. J Clin Microbiol 32: 1333-1337, 1994.

. Parwani AV, Rosen BI, Flores J, McCrae MA,

Gorziglia M, Saif 1J: Detection and differentia-
tion of boving group A rotavirus serotype using
polymerase chain reaction-generated probes to
the VP7 gene. J Vet Diagan Invest 4: 148-158,
1992,

. Tsunemitsu H, Saif LJ, Jiang B, Shimizu M,

Hiro M, Yamaguchi H, Ishiyama T, Hirai T:
Isolation, characterization, and serial propagation
of a bovine group C rotavirus in a monkey
kidney cell line (MA104). J Clin Microbiol 29:
2609-2613, 1991.

. Chang KO, Parwani AV, Saif LJ: The chara-

cterization of VP7 (G type) and VP4 (P type)
genes of bovine group A rotaviruses from field
samples using RT-PCR and RFLP analysis.
Arch Virol 141: 1727-1739, 1996.

Parwani AV, Hussein HA, Rosen BI, Lucchelli
A, Navarro L, Saif LJ: Characterization of field
strains of group A bovine rotaviruses by using
polymerase chain reaction-generated G and P
type-specific cDNA probes. J Clin Microbiol 31:
2010-2015, 1993.

Snodgrass DR, Fitzgerald T, Campbell I, Scott
FMM, Browning GF, Miller DL, Herring AJ,
Greenberg HB: Rotavirus serotypes 6 and 10
predominate in cattle. J Clin Microbiol 28: 504-
507, 1990.

Suzuki Y, Sanekata Y, Sato M, Tajima K,
Matsuda Y, Nakagomi O: Relative frequencies
of G (VP7) and P (VP4) serotypes determined
by polymerase chain reaction assays among
Japanese bovine rotaviruses isolated in cell
culture. J Clin Microbiol 31: 3046-3049, 1993.
Bellinzoni RC, Blackhall JO, Mattion NM, Estes
MK, Snodgrass DR, LaTorre JL, Scodeller EA:
Serological characterization of bovine rotaviruses
isolated from dairy and beef herds in Argentina.
J Clin Microbiol 27: 2619-2623, 1989.

Flores J, Sears J, Perez-Schael I, White L,



15.

16.

17.

18.

19.

Garcia D, Lanata C, Kapikian AZ: Identification
of human rotavirus serotype by hybridization to
polymerase chain reaction-generated probes deri-
ved from a hyperdivergent region of the gene
encoding outer capsid protein VP7. J Virol 64:
4021-4024, 1990.

Gouvea V, Glass RI, Woods P, Taniguchi K,
Clark HF, Forresyer B, Fang Z-Y: Polymerase
chain reaction amplification and typing of
rotavirus nucleic acid from stool specimens. J
Clin Microbiol 28: 276-282, 1990.
Pongsuwanna Y, Taniguchi K, Chiwakul M,
Urasawa T, Wakasugi F, Jayavasu C, Urasawa
S: Serological and genomic characterization of
porcine rotaviruses in Thailand: detection of a
G10 porcine rotavirus. J Clin Microbiol 34:
1050-1057, 1996.

Santos N, Riepenhoff-Talty M, Clark HF, Offit
P, Gouvea V: VP4 genotyping of human rota-
virus in the United States. J Clin Microbiol 32:
205-208, 1994.

Kim D, Lyoo YS, Lyoo HS, Yoon CK: Etiology
and clinical aspects of diarrhea of Korean
native calves during the suckling period. Kor J
Vet Res 30: 255-260, 1990.

Ahn JM, Cho SH, Kang SY: Studies on the
production and characterization of monoclonal

20.

21.

22.

23.

24.

antibodies against bovine rotaviruses isolated in
Korea. Kor J Vet Res 36: 395-403, 1996.

Rosen BI, Parwani AV, Lopez S, Flores J, Saif
LJ: Serotypic differentiation of rotaviruses in
field samples from diartheic pigs by using
nucleic acid probes specific for porcine VP4 and
human and porcine VP7 genes. J Clin Microbiol
32:311-317, 1994,

Gouvea V, Santos N, Timenetsky MC: Identi-
fication of bovine and porcine rotavirus G
types by PCR. J Clin Microbiol 32: 1338-1340,
1994.

Gene G, Sarasini A, Parea M, Arista S, Miranda
P, Brussow H, Hoshino Y, Flores J: Isolation
and characterization of two distinct human
rotavirus strains with G6 specificity. J Clin
Microbiol 30: 9-16, 1992.

Matsuda Y, Isegawa Y, Woode GN, Zheng S,
Kaga E, Nakagomi T, Ueda S, Nakagomi O:
Two-way cross-neutralization mediated by a
shared P (VP4) serotype between bovine rotavirus
strains with distinct G (VP7) serotypes. J Clin
Microbiol 31: 54-358, 1993.

Kang SY, Jeon SJ, Chang KO, Park YH, Kim
WY: Cloning and nucleotide sequence analysis
of VP7 genes of bovine rotaviruses isolated in
Korea. Kor J Vet Res 37: 367-374, 1997.

174 -



