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IREEA KM . R Prime 5.0 #1519, A\ 30 MELREIEREA th 9 145 3] 14 A7 T 931—1 338 bp $E4F RV VP6
S R B, P A5 BT A R B 5 4 5 IR (bovine rotavirus, BRVOAH . 464 RV VP 6 JEF 78 931—1 110 bp [d]
I Z AL f 9878 MAE 1 100—1 338 bp Z B 75 & BEORSF . 4B BT I 51 9 L) 2 57 7 Rl 48 4 RV iy RT-
PCR J5i, A RIFRYRE AR E P - R I8 B4R RV & BRV #Re 5 1 B X HoAth T8 569 J JC 4™ 38 5 4 I F R
9 0.45 pg e pl ' RECERIF . BTEE S T AR R RV BRI R B BAL T IA /I BRV ) RT-PCR J7 ik, A4
4 RV 6 B2 Wi F AT 6 2 JE A 4Rt T AT 58 19 07 325 5 %0 BRV [ b 5 Hofth 7 v B AR 1P i /8 & 28, ol LR
BRV [ I . X 234 e 4 BB 2 REA 1 RV #5 H22. PH 5k 60. 00% (36/60) .75 7 95. 00% (57/60) 5 4
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Establishment and Application of an RT-PCR Assay for Yak Rotavirus Based
on the Sequence Analysis of Yak Rotavirus VP6 gene

ZHOU Fang, YUE Hua, ZHANG Bin, LI Fan, CHEN Xi, TANG Cheng"
(College of Life Science and Technology , Southwest University for Nationalities/ Innovative Research Team
on Animal Epidemic Prevention and Control of Education Department of Sichuan, Chengdu 610041, China)

Abstract: Rotavirus (RV) VP6 gene is the main target gene of molecular detection, but the gene
point mutations affects the molecular detection of RV. The purpose of this experiment was to es-
tablish a detection method of yak RV by RT-PCR method which applied in clinical samples based
on the study of genetic variation yak RV VP6. The fragments of yak RV VP6 ranged in 931-1 338
bp were obtained with the primers designed by Prime 5. 0 software from 30 samples of yak diar-
rhea. Sequence analysis showed that,yak RV VP6 genes represented multiple point mutations in
the section of 931-1110 bp compared with bovine rotavirus (BRV), while the section between
1 100-1 338bp was highly conserved. According to this result, the assay has successfully estab-
lished a method with good specificity and stability. The primer could amplify the specific fragment
of yak RV and BRV,with no amplification of other unrelated pathogens. The detection limit of vi-
ral nucleic acid of the assays was 0. 45 pg *+ uL'. With a remarkable detection rate in yak RV, the
RT-PCR method provided a useful tool for the diagnosis and epidemiological investigation of yak
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RV disease. Additionally, this method can also be used in BRV detection. The RV detection rate in
234 samples of yak diarrhea from different provinces were 60. 00% in Tibet (36/60),95.00% in
Qinghai (57/60),85.19% in Sichuan(46/54) and 90.00% in Yunnan (54/60) ,respectively. The

result shows that RV infection is an important cause of yak diarrhea.

Key words: yak;rotavirus;VP6 gene;point mutation; RT-PCR

[ N AMNE9E 2 BH L 4= 481K W 7 (bovine rotavir-
us, BRV)J& 512 8 4= I8 V5 1 3 20 A, 5305 L iy
WAT S BRI A ok B ORI & 35 i k0
BRYV W Jigg 9955 5 B 56 IR s B8 J& . JC % 15 R 4%
RNA 7. 48 11 A H Y B, B = B AT 4B
Mgt 6 Fp4h k) & [ (VP1~ VP4, VP6,VP7) Hl 6
FlidE 25 44 5 1 (NSP1~NSP6) , H v VP1~VP3
WO VP6 N K ST [ VP4 Fl VPT &
FERERER T M P RS GRS, VP6 /E A
BE T A BRSPS R 2 RV
TR I Y7 ST AR 0 1Y T A BT A 5 DR L3 IR 4
TEA&BERR ] FE AR ST, HET VP 6 L 2 RV
F BRI

PCR J7 7 J& 5 J5 Az 0 9 A7 s 2% 1 25 11 2 22
Jiik. HetEWANE @# T ZF K0 BRV ) RT-
PCR J5 ik UL ik #: 2 & VP6, WFoE M.
SR VP 6 A @ AR SF L (E 0] DUPR & AR 2 AR T
SR FEEER . HOR s X VP63 R S A
DU, Ao R TR 40 A S R AL DA B i ek
PCR J7 3k 48 @& K sfoR - . Je il 1 3 592 90 = F)
FH AR 7 H AR PR A I8 15 285 00 o A 4 7 0 7 A 28
I IESEREA s fE e RVE? (B R P 40 SC ik 3k
) =R R 4= RV (% RT-PCR J5 ik X 3 ¥4+ RV
PH A A AR 14 G 00 45 SR 50 kg 93 1 e 00 G T R T g
YE4E RV VP6 SER P9 R T8 5. AW B AE
SHTEEd RV VP6 3t [H 4y F FRAE I 3 F 0 & 57
RT-PCR £ J5 3 » I 0 2% 07 10 0 5 9 e i I 75
YELF ZEMEREA AT AT 5 A .

1 #Rl5RE
L1 &% () K. G RER

¥eF RV 2 B bk A4 58 R 5 b E B Bk
(NCDV1, A SG % GRAF) 5 T 45 5 Pk 5000k 79
B (D Bk XA TR AEAS - HE 4 T3 A2 R B (bovine as-
trovirus, BAstV) Swun0201 ., 4% 4 I8 4~ 4% 55 M J1E 15 -
Zh I %5 95 7 (bovine viral diarrhea virus, BVDV)
swun0603 . 4 4 I I K #i ¥ (bovine enterovirus,

BEV)swun0510; 4= 5 K99 KWW FFHE swund025,
YEA IR EBMAARYD T swun3736 B4R 7= K IEPER
B swun2930 B4R 25 5 AT B swunl639; 4
VB &R 9 B (bovine coronavirus, BCV) | 4 2F U5 41
/NI BE VR AR R kobu g B 4% IR FE A DL KRR 4 5 31
IR BR UK A U5 B TC R A6 HU i) DNA REA A

KM FEAS 50 1 HEHE 4 IR 15 FE (AR A (2014 4F
6 R B F U4 BT 21 B (38 0y P AR S 3%
fEREA (2015 4F 9 AR A H KB ILE) HI T A [H
I 7 3 A b A 5 234 I SR AR (<3 ) IR 5 2648
FEA G339 T 2015 4 8 J] SR A T U )11 48 Bl UM (=
SO M EM LN (n=60), F A R i
(n=60) , PUUE % B i6 X AR H (n=60) ., it A #
AT —80 CHRAF#E .
1.2 FERFRZIE

Trizol™ Reagent, Primescript™ |, pMDI19-T 73
B IRARZE N T TaKaRa 2 @) ; AXY prep™ DNA I8
[l i 57 & W T Axygen 2 ®]. DNA Marker,
DH., 832 A5 4 M Boki SR O R &l T £ A9 TR
ORI B A R 7 5 BE I 88 52 58 Doc2000 (Bio-
Rad & A, 3£ EH); % b4 J6 0% & 31 Cary50Probe
(Vatian 2y a) » 3£ 1) ; 5 H ¥ % & 0 Hl (Eppendorf
Aw] L EED
L3 S¥Miit5&M

4l GenBank R4 A FEAC AR 8 1Y VP 6
LN P51 OB S5k JF693031) S AR 52 36 %8 2 0 75
FE PR A 45 2 (938 bp-ATTTATATTTCATGC-
TACAGTTGGACTCACACTACGAATTGAATC-
TGCAGTTTGTGAATCTGTGCTTGCGGACGC-
TTCCGAAACTTTATT-1 029 bp), #] i Prim-
er5. 0 WA, Bt 51 W0 AN 30 M B R
JETGREA p K B Sl 407 bp {2 F 931—1 338 bp
L RV VP 6 BE [ i B F T 35t 4% 8 4k 20 A JF 0
B4y KR AL 5L SR L F 5 -GG TAGCG-
GCGTTATTTCC-3', R: 5'-CGCCATCTGAGTG-
ATTACTC-3',
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R SR ARG T 5 | R T s AR B Y )
TR L BT R SRR I S, B KR Dy 231
bp fii T4E4 RV VP6 J:[H 1 100—1 338 bp {3 & 4
HE R BLEI S B WEE 1. DL Esl i h RiEx
AW TR R E A .

1.4 RNA BI2EL5 cDNA &%

WG R A MREA S PBS(L ¢ 5) 4y H RS,
—80 C KA R & Wl 3 YK, 3 000 r « min ' &L
10 min, FULEE s F-LA 12 000 r » min ' &> 30 min,
B3 . 4R )5 % B/ Trizol Reagent 1 B 43 42 &
RNA, Jf 4% B8 5 % 5 30 & U6 B 15 & B cDNA,
—20 CLRAF# M. 4l DNA SR I By — &5 2 42
I, —20 CRAF# .

1.5 ¥4 RV HERERBGT &

DIFEA RV cDNA Sy i A0 51 44 4%
KN 231 bp BHE4 RV VP6 JE[H fr Bt PCR 7~
W2t 2. 000 By e W 058 I PEL Uk 5 o B Tl o ik )
Bl B 1l Be . F 4 Hod B 2 pMDI19-T #fk , Jf- 5%
BRI AT B DH., J8% A2 25 240 L 0 25 HF BH 1 o e e A
TRNFHERN LB A S, 37 TR 8 h,
FH R 42 Bt ) 4 TCEE 4l 0k 3% SRR AE A R
ON RV . 0 I A A B A SOREAE S RV OB bR v
i A% TR R 1 ARG A S v
1.6 RMNERREZHHMKL

K 25 pL KRR (R EF 12.5 p L FE4 RV FH

&1 M7 RT-PCR FERSIMER

Table 1 Primer information for four kinds of RT-PCR assay

PEARMES: 1.5 pL, VTSI 1 pL.ddH, O %b
JEFE 25 pL) R KGR BE M 50~60 C 7 AL, T
AR AL 1B QR FEXTH BE S 10 pmol « w514
0. 5~1.5 pL) #4701k
1.7 SEENE

EAEAE RV BHPEARME S 10 5 35 38 76 B8 )5 1 R
BERR (1 X10°,1X 10 ' ~1X 10 %), i@ 7 i) RT-
PCR JEA7 6, #ff g L AG I BR
1.8 HRMEIFN

FHEE ST B9 RT-PCR 1. 17 v £ 46 95 J5E 1 4% 1R
FEAR HEAT RN 5 F 15 7 A v BH P A A B A ) B DA
VAN IZ T i e S 1k
1.9 FEMITFM

FH# S 1 RT-PCR XF 3 A~ FHAE B AR S 3 4 B
PEREARIEAT 3 WE A LAVEAN O ¥k i e .
1.10 PFh RT-PCR 7B LL 8

SR B 7 # RT-PCR Jy v 1 SCHR 48 /Y 3
AR BRV %) RT-PCR J7 & (58 1), R BFXF 50 £
FELF VS F(TRE AR SEAT A DU, LA 4 b 7 15 A
R, IR 3 FhoJy 58 4 4 IR SCHR IR GE 1 i [
I B WA 91 2 1 v Gl W ey o 04
HH 2R i R 1 7 TR RN AR 52 5 & i 57 RT-PCR J7 i [
X 38 fy A A Y5 FE A #EAT RIS B BRV /Y
R th 2 BRI A TR G BHAERE AR 6 L PCR ™
Y AT Y o

oRUIRS LB S,

Test method Target gene

5197 51

Primer sequence

EIE B

Source of primers

F.5'-CCACCAGGTATGAATTGGAC-3'

! vPs : , A
R:5-GAGTAATCACTCAGATGGCG-3
) vPs F.5'-TCATTTCAGTTGATGAGACCACC-3' 7]
R:5-ATTCAATTCTAAGCGTGAGTCCTAC-3’
s VPG F.5-TTCACGTTGAACAGATCACAAC-3' (8]
R:5-TTTGGTCTCATCAACTGAA-3'
F.5-GACGGVGCRACTACATGGT-3'
4 VP6 9]

R:5-GTCCAATTCATNCCTGGTG-3'

1.11 RITHRFAE

AT F P A FEA Dy 2015 48 8 ] g 1] 44 Faf 301
ALK 4 DT = B AL X 6 DM T
T HLIX 6 A4 P R AR M X8 g, it
234 YA (3 AR TS AR A, W3R 2. R

AW 5@ AL 4 (1 RT-PCR J7 i X 234 484 1
TGREABEAT R . 2 M AE 4= RV A6 8 g 5L A AT
100 IF HLAEEAS M X REAL e B 4 3 A ) f9 BE PR AR A
(15 PCR =9yt 47 0 Jy » 3R 45 1) VP 6 JE N A B T
iAo T
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2.1 BERVVP6ERFRBFINTZERREZAX
B

M 30 G BTG FEMAEA 4 1S 14 4~ 407 bp 1Y
¥4 RV VP6 B Br, AHRIME e & 3 : 14 4~ VP6
LB B B ] A U 94, 1% ~100% » 5 GenBank
Y BRV AHALE A 93. 4% ~97. 8%, 5 HOAH L 1 f%
2R dE BRV HMO988974 3 #k 5 5 B WA 19—

¥k BRV GU384194 AHIM: R 93. 4% ~96. 3%,

R RE N Y] X 14 BREE4: RV B 3
H 3 DLV T AN E S R S E4JE RV
(GU384194) 38t & 3 At ¢ R it JL [\ Ry — K35
B0 /& 3 bk, 53 EE W KIE RV
(FJ422136) j5t 1% W b ¢ & el [/ 2R o — K35
/NS 6 Bk ORI B AT RV(EF554119) 38t
R T -3 S URE A CIE -5 E NG

RVMD6 Yak Rotavirus(This study)
RVMD10 Yak Rotavirus(This study)

RVMD4 Yak Rotavirus(This study) I
RVMD?7 Yak Rotavirus(This study)
RVMD11 Yak Rotavirus(This study)

GU384194 Bovine rotavirus A China Daging G10P11

— KC815662 Equine rotavirus A Japan G6P5

KJ940164 Dog Rotavirus A Germany G8P1
AF411322 Bovine rotavirus A USA

DQ870496 Cow rotavirus A (NCDV) USA G6P61
—1 KC215501 Vaccine Rotavirus A USA G4P5
| HM988974(KJ9-1) Bovine rotavirus A South Korea
] EF554130 Human Rotavirus A ltaly GEP1412
AB972860 Porcine rotavirus A Thailand G10P5
HQ611011 Human rotavirus A Russia G2-P4-2
&751 926 Cow Rotavirus A South Africa G6P11I12
KP753064 Pig Rotavirus A South Africa G5PXI2
— B 4| KJ752065 Cow Rotavirus A South Africa G6P5I2
FJ495131 Antelope Rotavirus A South Africa G6P14
JNB831224 Bovine rotavirus A South Africa GBP112
KF636260 cow Rotavirus A South Africa G6P1
KF636260 Bovine rotavirus A South Africa G6P1

FJ422136 Rhesus Rotavirus A G8P1 USA
RVMD1 Yak Rotavirus(This study)

RVMD?2 Yak Rotavirus(This study) |
RVMDS5 Yak Rotavirus(This study)

EF554119 Human Rotavirus A Belgium GbP 1412

RVMDS Yak Rotavirus(This study)

0.005

RVMD14 Yak Rotavirus(This study)

RVMD12 Yak Rotavirus(This study)

RVMD15 Yak Rotavirus(This study) 1|
RVMD9 Yak Rotavirus(This study)
RVMD13 Yak Rotavirus(This study)

1 $£4 RV K/NJ 407 bp B VP6 £ E F B EY 4B % & L RS
Fig. 1 Neighbor-joining consensus tree for size of 407 bp partial VP6 gene fragment of yak RV

14 BRHE 4 RV VP6 JE N H B 5 #5 o 55
(NCDV #k, DQ870496) J¥ 41 kb X & B . 7£ 931—
1100 bp Z [8] K A= () s AZ AL s A 7~ 13 &b, 75
1100—1 338 bp Z Al A 4~ 6 4b; 5 EH N BRV
GU384194 FEMEMY LL X452 . 4E 931—1 100 bp Z
[B) A A2 B s S AE A j A 11~19 &b, 7E 1 100—1 338
bp Z A 4~8 4b;14 ANFES RV VP6 B H ¥ 51 Z
LTI o = S 1 R 2 VA = I A = W L V2
F 9311 100 bp,5 A4+ 1 100—1 338 bp, I 4

e [a] AR AL A 7 AL o 6 AR F 931—1 100
bp. 1 &b F 1 100—1 338 bp; [l 4 3 [ A 45 53437 45
A 11 &b, Hop 9 4b 7 F 931—1 100 bp, 2 &b F
1 100—1 338 bp.,
2.2 HELRVENS | HHERHE

K BAT BRI 5 | 9 X HE 2R RV B R PH
FEARHEAT PCR 934 . 3RA5 19 B 9 R B R/ 5 i 45
R— & 2 A, MR IEREFBERER
231 bp, HFESF RV MR 2751, 544 RV VP6
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LR 3 50 (AR AR Sy 100 9%
2.3 fRL{LH RT-PCR R R R &%

Petb i RN AR & - BUIR B 12. 5 pL, bR ifES
P1(10 pmol « L) 4 1 uL,cDNA 1.5 pL,ddH,O
AR 25 plo RN ARATF 94 CHUEYE 5 min; 94 CAZ
Pt 30 5552 CiB k 30 5572 C#EAH 30 s, 3 35 4~

A

bp M + - Bbp M 1 2 3 4

5

572 CHEH 10 min; 16 “C I 455,
2.4 HEMH

FEA4 RV BHYERRME S A HEBE Ry 45.2 ng = L'
R G I 235 R W 77 5 1< 10 i B B B s v b A
A UL H 4 6 RV 8% R S5 AR AS I B A 0. 45
pg e L (E 3D,

6 7 8 9 10 11 12 13 14 15 16

M. DNA X} 43+ BT s b5 Marker T 5+, FHPERE G —. BIMXTRE 1~ 16, PHAMEABIAR L BH M % B4 4 40 00 2 L 4
R BRV A4 BRI  AstV A R MM TE 5 2 BVDV R IR G 8 BCV . 4 % 0 % BEV.41/Ni #% parvo-
virus . Kobu 5 5 K99 KW FF & AR [T IR 7 S RRAR T L 25 I 2l A L 30 S8 ZR BR L 3 IR B 76 o

M. DNA marker | ;+ :DNA sample of Yak RV; —. Negative control;1-16. DNA templete of Yak RV ,Negative con-
trol, Yak Rotavirus,BRV,AstV,BVDV,BCV,BEV,PV,Kobu virus, E. coli K99, S. Dublin,C. perfringens,CJE, Ei-

meria,Swiss cryptosporidium
B2 S|#mMmAmEmnssitrns R
Fig. 2 The specificity of the primers and method

bp M 1 2 3

i
i

4

5 6 7 -

M. DNA M %4> FJF bl Marker [ ;1~7. BHPERM 10 R BEREA (1 X107 .1 X107 ~1X107°%) ;—. A

Xof i

M. DNA marker [ ;1-7.10-fold serial dilution of standard temper(1X10°,1>X10"'-1X10" %) ;—. Negative control

B3 HREMEEUNER
Fig. 3 Sensitivity test of the RT-PCR

2.5 HRMHE

T BRI LR RV 43 B bk S BRV bR U 55 Bk
Rk H L A B, % AstV.BVDV . BCV.BEV,
/N5 B Kobu 5 3 K99 K I K 15« ZR A0 ARV 1]
PR IERRRR T 23 I S T B DA R S SRR BR
Fi [G B fel - B B B A A TSy 1 (&1 2B) . A] LA
WS ) RT-PCR i ANUARE B 64 RV 1Y
Kl , o3& B F BRV #4600,
2.6 BREM

Xof R — B AR f 3 YR EE A2 A 45 R — B0, uE W %
Tk B Rt e M E A v .
2.7 M#KM BRY FiEMLE

R 7712 1~4 %5 50 3 FE A4+ I V5 FE AR A TP 4
4= RV B K 24303 2 90.0%0,0,0,12.0%,
HIrE 1R B EREA R & 7 5 4 Rl iy i

FHPEREA . AT L2 57 9 RT-PCR J5 i % 48 2F RV
A8 RS I A5 R WS T 51 TR 3 Rl I BRV #9753 .
Jiik 1V RITTE 4 Yok i B REAS LA K T A1 BE DL Bk
TERY 10 AJ73E 1 ks H i B RE A ) PCR ™ 4y ik
PO 45 2R om0 0 R ik R B A8 R
VP 6 H ] B, R 5L 1% RT-PCR J7 i 46 0 25 2 1 i
{7/ E

[ Bsf ol PR AGL I 7 9 1 A7 3% 4 %t 38 4y A A 1
5 JE AR A K I 45 2R I 75 PO AP 7 3k Gt BRV 1Y
FHPEAT 52 10006, GIESE T & 7 19 RT-PCR J5 ik
AALE HTFHEA RV BRIt ] L& AT BRV Y
LRIl
2.8 BARRFRERENRITHRFAE

FA W 5 4 57 (9 48 2F 58 Ko 2 RT-PCR £
I 79 Xk G v DR A4 LY 26 R AR AT B IR
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ARSI, 45 51 (3R 2) 7R « 7 V6 by DXRE AR 14 A 1) 58 d
155 R 95,002 (57/60) 5 P4 1| b X FE A 11 45 1 3K
85.19% (46/54); = ™ i X Ff A 19 K R R
90. 00 % (54/60) ; P il b [X FF A (1) 46 R B (%, Ry
60.00%0(36/60) ,iX —£5 B F W, 7 = i 4+ RV

R2 BE4RKRERENRTFRZREER

YRR . XTREMLEE 9 16 13 FHPEFEAS 1) PCR
FEIN R A5 R AT AT IR SE Y LR RV R R R
B R s 32F — 25 B AR BF 5% 4 57 (1) RT-PCR J5 7k
0 45 S 1 HE AR

Table 2 The Epidemiological investigation results of Yak rotavirus infection

b IX i g7 A% PR/ % FEAR BEL BHMER/ %
Region Pasture  Number of samples Positive rate The total number of samples  The total positive rate
1 10 80. 00
Pl 2 22 86. 10
54 85.19
Sichuan 3 11 81. 80
4 11 90. 90
1 10 80. 00
2 10 90. 00
el 3 10 90. 00
60 90. 00
Yunnan 4 10 90. 00
5 10 80. 00
6 10 100. 00
1 10 100. 00
2 10 100. 00
i 3 10 100. 00
60 95. 00
Qinghai 4 10 80. 00
5 10 90. 00
6 10 100. 00
1 6 50. 00
2 10 60. 00
3 10 60. 00
75 5% 4 10 40. 00
60 60. 00
Tibet 5 10 80. 00
6 5 60. 00
7 5 60. 00
8 4 50. 00

2.9 BHERONMRAESFRRFS VP &R
FEBHRZEREDN

AGRE M (B O R DA XHE A4 R
o T S Y SR A — R L 5 A B RO R A IR A R AR
R, R VP6 iy 5 i AL S 54 A 5% U4
S UNRNOE S T S e R (TN N B D 7R
P SRAE — B DU ) B R 23 A A PY R 5 ) 7
BRIE B 23 S - AP AT — 5 1 s o A i i 3 (H
T REAS B A BR 3 T 85 22 AN [ b ) B R OR
LioaT1 8

3% it

o1 T VP 6 JE D751 i Oy o HETE 80 B A
MG RV f S 7 78 I B 5. H 2007 4R
T. K. Kerin Z2fEWFTEE AJE RV Bt A . VP6 #t
P 1 el T R AR R 7 R A N S 7 S RE R
A PRE A R 5 s BT o B B R N TR RV VP 6 Sk 5]
ST B RIS B R T AR 8 5L
S22 Bk RV b U 3 BRSAR 1S 5 3 bR 3t 4% 18 4L
KRB LR R — 3, HAR 86, 4 00 (1 T bk
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AB374146 Bovinerotavirus AJapan GaP11
KC215501 Vaccine Rotavirus A USA G4P5

JX¥ 187432 Human Rotavirus A lndia

KD2254 Bovine rotavirus A France

2] DQB7T0496 Cow Rotavirus A USA GEP112

AF411322 Bovine rotavirus A USA+

25 HMB988974 Bovine rotavirus A South Korea

2

ABST2860 Porcine rotavirus A Thailand G10P5I2
KJ940184 Dog Rotavirus A Germany G8P1
~ KCB815862 Equine rotavirus A Japan G&P5I2

—{ KJ411437 Human Rotavirus A USA GEP14

KC175185 Human Rotavirus A India G10P11

EF554152 Sheep Rotavinus A Spain G8P14
FJ495131 Antelope Rotavirus A South Africa G6P14
68| KJT752065 Cow Rotavirus A South Africa G6P5I2
EF554119 Human Rotavirus A Belgium G&P1412
G1384194 Bovine rotavinus A I2 China Daging

Yak Rotavirus
(This study)

QH2

0.01

B4 K/MNAH231bp MERSEES RV VP6 EF R B MBI AREMLH
Fig. 4 Neighbor-joining consensus tree for size of 231 bp partial VP6 gene fragment of yak RV in Qinghai-Tibet plateau

5% 5 AT A% IR Ay 5 SR RS 5 i R R R
J7 50 B4 738 S 30 2 V6 ~ 3 06 1) G 3k TR ok Ak kB 4 TR
IR M T PCR Jy ik iR 25 10 . B i iy Xt
R EE VPO 2 R M R wRHME . IWHER
PHG A 14 A VP 6 B R By 91 FxT 43 B 45 R ok
FHE4 RV VP 6 KL 7 91 75 15t 4% T8 Ak i 2o 72 v s
KETHRZ A R®A, FEKEXE N 931—1 100
bp ., 33X 58 A8 4 R AL B R A 7 AR A s R
SF X 2 B A S R I RV RT-PCR 77 5 1
WS B R, 3 Rl a5 28 78 X A
Tk A R RATE % . BT VP6 JEH L
& oA DU A R SR T A I B AS E  Y ER
FEBEHLFEN LB AE4 RV VP6 JEH
188 12 A 1 AR R RT3 0 R 2R A IR
i BE Y 23 112 IR B0 2 1 B BIE R AT R
P

AT HE T XEA RV VP6 5 551 5 23 47
TEBEAE 5 PR AT DX A I 51 4 o B P ST R 4
4~ RV #y RT-PCR J5i. &l EFemtEar . Hagd
HYEE RV R BRV VP6 SE R F B, X — S8 5 WAy
o | 2B A M ) A5 B L 20 TR RN A AR HL A5 G

P HEARIFMEE: NREE FRE X
BRI BR Ay 0. 45 pg « pL ' 57 EE 4 thRs il i
ARAGE 00 B Ak F ] — A~ B e, LA AT 1 R
56 4 BE A5 T A2 I PRAE A A ARG I 75 2K 5 [R] B o A% Jr 326
BRV (ks s 5 [ SMGE 1) 7 R A IR T A6 %
B I AR AFFE 57 1 RT-PCR J5 I ASUHFES RV
) I R 3 1 o 2 R A AR AR O B TR [R] A AT
PAkz I BRV, BA R 47 138 H %

Fe e 56 28 B L oA = FR R BRV 1) RT-PCR
Trd il IREEASE A4 RV Kt 2R i 35K T A 57
S RT-PCR Jy i, 43 #r o A A g 5 46 4 RV
VP 6 B2 AT IR 7 4 42 A1 0. @t iX 3 Fhvy
B EIYT s S54EFY R YES RV VP6 B
Ry 51 B & B0 vk 2 o R R B W 2 A e
T 3 kb 285,997 bp kb A—>G;1 000 bp &b C—>
T3;1 003 bp kb C>T. Jik 3 h FiEg| ¥4 & 00
BRIET T Ab %7916 bp kb T—>G3918 bp 4k A
—~T;920 bp 4 A—>T;921 bp &b A—>C;922 bp 4t T
—~>A;926 bp 4 T—>A;928 bp kb A>T, J7ik 4 &
SR N i e i AR [ B BE T T R R T (H X%
B NI A E — A kAT AR,



1472 z oy om

H

it 47 %

FTREJE T B AE A RV BH AR A R AR A — A4 i
W, X —45 R dBFEW T VP6 I P 5 R4 757 . {1
WA RS S AT VP6 347 2 I . A
W 3t A A T

BEHE 2R IR TS — B JG 5 79 8 i DX e A IR 0
P EE O I P AMRLAT G o U R
DRI 2207 T 1) U 2900 D8 T R 28 - — 6 O AR R e 1 TN
RO RGP R AR R A I
T 2 rh R I 2 (Y 0 B 23k 9 R L AR ST X
R ey JUAEE A 7 DX A4 R T R AR R A 3R A 9 2
LR E] IR RV EUAE T 90 S i 7
4 i 3 SRR A IR 1 B2 I O R A RS 9 Bl
AP TR AR . A BORHE R WS FE08
B F| BRV. BRV 0] LU R Y A5 R
B S s A A P A I S5 VTR RV A
T AL A O R (1) L BFE A RV g A 38 T A
O SUER R

4 &

I N7 A I AR 46 RS BE Y RT-PCR A il
Tk, BA R Rr Sk AR e MR RO BT
FEST YT R RV BRS040 T B4 K6
BRV f#) RT-PCR J5 %, WIE4 RV 5 (1912 W7 Fi A7
WA L TR EE A s X BRV R
HAhJy i B ARG /55 . wa] LT BRV 1y
o XoF K o Do A A A R S g 1 R R AT R AT
T2 PR AT R MR RV e 2 Y1 S SO R 4 IR TS
fi 7 A

5 % 3k (References) :

[ 1] BADARACCO A, GARAICOECHEA L, RODRIGUEZ
D, et al. Bovine rotavirus strains circulating in beef
and dairy herds in Argentina from 2004 to 2010[]].
Vet Microbiol ,2012,158(3-4) :394-399.

[ 2] MINAMI-FUKUDA F,NAGAI M, TAKAI H,et al.

Detection of bovine group A rotavirus using rapid an-

tigen detection kits, RT-PCR and next-generation

DNA sequencing[ J]. J Vet Med Sci,2013,75(12):

1651-1655.

[ 3] ALFIERI A F,ALFIERI A A,BARREIROS M A, et

al. G and P genotypes of group A rotavirus strains

circulating in calves in Brazil 1996-1999[J]. Vet Mi-

crobiol ,2004,99(3-4) :167-173.

[ 4] GONZALEZ D D,MOZGOVOJ] M V,BELLIDO D,et

L6]

L7]

[8]

[10]

[11]

(12]

[13]

al. Evaluation of a bovine rotavirus VP6 vaccine effi-
cacy in the calf model of infection and disease[ J]. Ver
Immunol Immuno pathol ,2010,137(1-2) :155-160.
WISE A G,SMEDLEY R C,KIUPEL M, et al. Detec-
tion of group C rotavirus in juvenile ferrets (Mustela
putorius furo) with diarrhea by reverse transcription
polymerase chain reaction: sequencing and analysis of
the complete coding region of the VP6 gene[ J]. Vet
Pathol ,2009,46(5) :985-991.

STIPP D T, ALFIERI A F,LORENZETTI E, et al.
VP6 gene diversity in 11 Brazilian strains of porcine
group C rotavirus[ J]. Virus Genes,2015,50(1) ; 142-
146.

a2, X A 4 FOIR N TagMan 52
2%t RT-PCR PG 77 vk i et sr LT ], o B & 4k
PR ,2011,38(4):105-108.

FAN Q.XIE Z X,LIU J B,et al. Detection of bovine
rotavirus by TaqMan based real-time reverse tran-
scription polymerase chain reaction assay[J]. China
Animal Husbandry & Veterinary Medicine ,2011,38
(4):105-108. (in Chinese)

ETETE. RN RT-PCR A6 1 JE T VP6 4
POEAS I 136 BT ELISA J5 k91 45 d v [D]. iy /R
B ARALAOE KA, 2009,

WANG ] Q. Detection of bovine rotavirus by RT-PCR
and establishment of indirect ELISA to detect bovine
rotavirus antibody with VP6 protein [ D]. Harbin;:
Northeast Agricultural University,2009. (in Chinese)
BASERA S S.SINGH R.VAID N,et al. Detection of
rotavirus infection in bovine calves by RNA-PAGE
and RT-PCR[]J]. Indian J Virol,2010,21(2).144-
147.

NYAGA M M,ESONA M D,JERE K C,et al. Genet-
ic diversity of rotavirus genome segment 6 (encoding
VP6) in Pretoria, South Africal J]. Springerplus,
2014,3:179.

KERIN T K,KANE E M,GLASS R I,et al. Charac-
terization of VP6 genes from rotavirus strains collect-
ed in the United States from 1996-2002[J]. Virus
Genes ,2007,35(3) :489-495.

CHEN X,ZHANG B.YUE H,et al. A novel astrovir-
us species in the gut of yaks with diarrhea in the
Qinghai Tibetan plateau,2013[J]. J Gen Virol ,2015.
doi:10. 1099/gv. 0. 000303.

ITURRIZA GOMARA M, WONG C, BLOME S, et
al. Molecular characterization of VP6 genes of human

rotavirus isolates; correlation of genogroups with sub-



7 JE 95 R RO 8 VP 6 SEIE S 43T S RT-PCR K6 J7 4 1 37 15 B 1] 1473
groups and evidence of independent segregation[ J]. J gene constellations that originated from interspecies
Virol ,2002,76(13) :6596-6601. transmission and reassortment[J]. J Virol, 2010, 84
[14] GAUTAM R, ESONA M D, MIJATOVIC-RUST- (4):2013-2026.

[15]

[16]

(17]

(18]

EMPASIC S, et al. Real-time RT-PCR assays to dif-
ferentiate wild-type group A rotavirus strains from
Rotarix® and Rota Teq® vaccine strains in stool sam-
ples[J]. Hum Vaccin Immunother ,2014,10(3):767-
777.

LINY P,KAO C L,CHANG S Y,et al. Determina-
tion of human rotavirus VP6 genogroups | and [[ by
reverse transcription-PCR [ J]. J Clin Microbiol ,
2008,46(10) :3330-3337.

DENNEHY P H. Rotavirus vaccines:an overview| J ].
Clin Microbiol Rev,2008,21(1):198-208.
LAPPALAINEN S,PASTOR A R,.MALM M,et al.
Protection against live rotavirus chanllenge in mice in-
duced by parenteral and mucosal delivery of VP6 sub-
unit rotavirus vaccinel J ]. Arch Virol ,2015,160(8):
2075-2078.

MATTHIJNSSENS J, TARAPOREWALA 7 F,

YANG H,et al. Simian rotaviruses possess divergent

[19]

[20]

[21]

MATTHIJNSSENS J,CIARLET M, HEIMAN E, et
al. Full genome-based classification of rotaviruses re-
veals a common origin between human Wa-Like and
procine rotavirus strains and human DS-1-like and bo-
vine rotavirus strains[ J |. J Virol,2008,82(7):3204-
3219.

DURMAZ R,KALAYCIOGLU A T,ACAR S,et al.

Prevalence of rotavirus genotypes in children younger
than 5 years of age before the introduction of a uni-
versal rotavirus vaccination program: report of rota-
virus surveillance in Turkey[J]. PLoS One, 2014, 9
(12):e113674.

DOAN Y H, NAKAGOMI T, ABOUDY Y, et al.
Identification by full-genome analysis of a bovine ro-
tavirus transmitted directly to and causing diarrhea in
a human child[ J]. J Clin Microbiol s2013,51(1) :182-
189.

i AP





