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Research progress of giant panda rotavirus strain CH-1
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Abstract : Rotavirus is the most important cause of severe diarrhea and death in infants and young animals. In 2009, rotavir-
us was isolated from fecal samples of sick panda cubs suffered an acute, infectious and intractable diarrhea. The strain belongs
to group A and is designated as Giant Panda Rotavirus (GPRV) strain CH-1, which has caused serious threats to giant panda.
In this paper, we review the gene structure, viral proteins, bioinformatics analysis of GPRV strain CH-1, and the diagnostic
methods and prophylactico-therapeutic measures of this disease. This review will be helpful for further study of the pathogenic
mechanism, as well as vaccine development of GPRV strain CH-1.
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AL H p G1-G4.G9 . PL8 A P[4 ]2 & i W 0y i A7
bk, 7E Bk EZHATH RV A G1P [8],
G2P[4],G3P[8]#1 G12P[8][5]. GPRV CH-1 ¥
(4135 % % G1-P[7]-15- R1-C1-M1-A1-N1-T1-E1-
H1,

GPRV CH-1 #k R 2L 5-11 H & 0 W7 5 K g
A B Y 5 A R B R IR TR R K e KTS B A RE
VS L G5 B b5 A I P20 A 5O e R 4 i 4
Z 0 40 B /D IR K [ PR B KR IR TS AT A
AL IO T AR TS A B GRE VR T BB AR K
A5 FE %R IR IT T R A AR IR 100 Yo, HAR > i
IF K RE™ L H H T JC A R RS2 )
GPRV B HEAT B 16, 33 0 I RE A A e B & B 1 ™
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1 GPRV EREZEHMEH#HLTFR

GPRV CH-1 ¥ J& F W i 91 9% 28 B 58 R 0
J& R T R ERIE M E R R, HAR 70 nm',
GPRV CH-1 #REE 40 2R WU RNAL B 11
ASBER B (1-11) , 3% 28 L 5 43 ) G % 6 A 45 4 2R
H (VP1-VP4, VP6, VP7) Hl 5 4~ dFE 45 ¥ & A
(NSP1-NSP5), & FE 435 i 3 287 bp,2 717 bp,

2 591 bp,2 362 bp,»1 356 bp,1 042 bp,1 532 bp,

1 042 bp, 1 017 bp, 750 bp, 663 bp, H h VP4,
VP6 . VP7 J& GPRV 1y EZHL LN A3
R B 43 AR & — A JF B 32 A (Open Reading
Frame, ORF)'™ , K FE 33k 3 267 bp.2 673 bp,2 508
bp,2 362 bp,1 194 bp,981 bp,1 461 bp,954 bp, 942
bp,528 bp Ml 594 bp % 4b, GPRV CH-1 ¥k VPI1,
VP3,VP4,VP6, VP7 #il NSP4 Jt A £ % 5 A & %
RV 11 3 A (19 2 £ B 88 0530, L R) ek L 3¢ 1010,

% 1 GPRV CH-1 #EREF 75 AFE RV HERYE
Tab.1 Homologies for the rotavirus genes from giant panda, human and porcine
A #
N4 R

BRHRE RS R (6) BEEMR () W RS B (%) BEEMR (0
VP1 EU984103 86.7 97.4 JF781158 86.8 97.6
VP3 EU984105 87.1 93.4 1X290177 96.6 97.0
VP4 AY787644 64.4 69.1 AY523636 99.6 99.5
VP6 DQ873675 89.2 97.0 FJ617209 95.1 98.7
VP7 AF260938 86.9 93.0 AB176682 71.7 80.4
NSP4 GU189558 95.6 96.0 D88831 99.6 98.9

2 REEA A TR 2 1 O TT Bl R A 4 A A5 R N- S A

B R BB T 0 R . B T
A&, GPRV CH-1 kA 11 FaE A aL4>, 645 6 45
MEAS 5 ANEZMWE N, iS4 E A (VPL-
VP4,VP6,VP7) I 2 HE R+ B 4 54 1 088,890,
835,776,397,326 aa A K 4 % E 45 #4 85 (H (NSP1-
NSP5) i 2 3 iR £ B 43 3 o~ 486,317,313, 175 Al
197 aa'®™ , X3k S8 HE (1 05 5 KL 12 B IX L K 1
Pl 2 00 NHE L A0 A FH A7 05 2 BB C R b

A7 A S5 R AT 23 A, Horh NGB SR AR A I LR
FIE C B2 Ak AL a8 25 IO 1T 95 1R 16 1 T AL
P IR NS SR A A VA o ST 1 D e |
PEST A AN A I B R TR A A
7RV 1 A T N T I B8O AR A 0 S e
YI2E NREA O (BXE VP2 AR WS B2 s 8
TCHI kA . # 2 & GPRV CH-1 ¥k (VP2 Bk
AP ZER B B AE AT B SRR A

2 GPRVCH-1 REHMEANEYMEEFEA

Tab.2 Bioinformatics characteristics of structural proteins of GPRYV strain CH-1

H AWM C

i 3 1 Tifs 2 IR 8

. N- i 3 L Y o N- 5 7% it
HH o F B K . Tl 2 AL A H 1 BER AL AE W R 1 AR H .
Az 55 . . . Az A5
o7 25, JHAE 5 715
vpit 124892.71u  —3.244-2.533 7 16 19 5 6
Vp3t 97937. 91u —3.000-2.256 10 20 18 1 5
VP4t 86768.8u —2.911-2.244 8 15 15 0 12
AVARliey 44725.1u —2.733-1.822 5 5 4 1 6
vp7td 37354.8u —2.344-3.567 2 5 4 1 4

E il ProtScale 43 #7149 8 1 B K M, o 28 11 B AY /N K P 5 R R K P L IE (B R I K L S (R R A SR K

3 LWEIDH
SR UK R R i B X ik RS S L AL il

T AR A B AT T DR I A0 35 A8 R 7 2 R
ELISA ZWikw & AR s B e %, Hoh. i
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I BUREAS TR ) RNA, $E47 4> FAE W) 24 K0, A0 46
RT-PCR (reverse transcription polymerase chain
reaction) ¥ B2 1 S BF 2% O 2 B RT-PCR (qRT-
PCR) "™ % )51k
3.0 PUREAI TR AT 22 AR ] 5
B A 7= RV 2648 Bt il ELISA 2 Wik 5 & k6 il i
5P B RV BAPESS SR 5 [) i oK b 2 3k 1 A A 42 Fil
T MA-104 2 M0 E 1795 75 43 B 55 5% B A2 LU
FHAS I Be Ji s 4% R o e i 7 . 38 ) H AR R A0
ZE PRAR AR | o RS 0 A U L S 4 S B 1 7
Wk h RV,
3.2 T iEWr GPRV CH-1 BR7E K REAN F& Ml vh &
T, AT GE o P K B ZE M 1Y S RNA #1745
TAYE2 W, BF B RT-PCR #il qRT-PCR, R
it GPRV CH-1 #R{R5FE B VP7 JF 51335197, %t
AR REAH A P $E IR 1) RNA FIS2 56 %5 PR A7 7
W) RNA [a] i R 47 5O 5% ¥ 75 3 1Y cDNA #E 4T
PCR §" 34, RT-PCR ¥ 14 J& 1) 7= 4 1 47 350 15 W 458 I
FEL PR T 0 5 5 (B T ARG I K 2 1pg Y9 7
RNA,iZi2 W4 R & & 84, /T T GPRV CH-1
BRI R P2 W . 4h, 4l GPRV CH-1 ¥k
VP4 S P 551 9, i 4T RT-PCR 9§73,
o AR AT A I 2 (4 $5 DLECH 1.0 <100 #5 D1 /L, 58
L RT-PCR #H L, R 2= /0 & 100 £, P FP
TR M S A M R

W bR AR O T X 2011 F 2015 4F (BR
2014 4F) KRB b A 1 B 4k 227 ) KRB F8 8
) GPRV CH-1 #ki# 470, # ] qRT-PCR J5 i
Rl 25 £y BH R 28 AR L BH R RS 1196 (25/
227) 10 A JH % B RT-PCR H At 15 4y PH M 28
e BHYER K 6.6% (15/227), £ qRT-PCR ¥
T GPRV CH-1 ¥Rz Wik i . Mk, — B &
AT 815 S50 IR B K SR B qRT-PCR J5 5 X% K
AN 1 200 A A PR S RS o A S, D 9 B 7
B, HATX T RNA % 3 B K 0, RT-LAMP
(loop-mediated isothermal amplification) J& & H.
RGN T5 1 %05 ¥ TR 8 2 8 5 2 s o A 2%, B
Fz 30 A PR R UL B 25 L WP ARG I D i
{58R %A T #:0 GPRV CH-1 k.

4 BrigtEiE

RV 32 B o 7 A% 47 a0 0 T A 47 L DA
PR RV G Y 3 20 2 5 T R AR AN A B 7
A RE . [, RV 2 AL U 2, (RIE KRR 5
FORE A N AR 22 e Bp B A L 2. 55 4, 1 3R A

V7 7 SO R B A 2 0, 3 A I GPRV CH-1 Bk
BYEBL, — B2l & 3N GPRV CH-1 #RIg& %y,
T B R BB B8 I vk O R 9T RO K. X T
GPRV CH-1 # Y 3= % ] 3l a8 XHE 36 97 A3 B HT
JRYLIRTT L X BB RO IR YT T R BiR R ik
100% , 3 ZALHE . HU A BIRYT 5 B 2] IE K (A T
R - 35 6L 5 I 9 N T T LA R ] R
St o I AL 1 2 R LR 4 700 A R A 2 25 59
HEAT I T8 VA RE R RE L I HL A A KRR AR A 3
IR AES

I JCAT ROPE ¥ BB GPRV CH-1 AR B e Al
R ERIT 49 (B 5 &% GPRV CH-1 ¥R VP4
M VPT B 5 AR B AR pVAXT #E 17 & ] 1%
£ AR E VIR By i R R N R TS
Y IR, X ST DL EE VD T IR AR Y
GPRV CH-1 #R¥E 1 (4 4= W) 24 1 T 28 T Ll
[Fi] B Ay 1 B K RE AR B GPRV 2 % E2AEH .
5 B E
KEEM R EEM Y, HEH RS EfF R0
BAKL T GPRV CH-1 ¥k 32 22 4h i K AEH . 51k
KAEA I V5 B AT 76 2000 — 2003 4, JMHR K AE
WEF RN RV KRN 64.7% . HFHRAE
YRGB R T 22 Oy Rtk 48 A, O RE A Ml 1) A R
HETE I 2 58 IR 0 75 6 30 58 R LE 2 8 L3 22 9
ARSI T T EOE— 7 & L WS A AR A i
gf g, 8 R o R IE R 9T S IR @ R A
100% B HFET XS GPRV CH-1 ¥kAYAH EBF 5T £ 878
TH YRR 2 W7 2k B iR 15 A1 GPRV CH-1
BRI 20145 050 5 B JER e R AL il B LA B 8 g 2
BLHI B AHSC 58 B =, 3 i T %F GPRV CH-1 £k 1A
WA, o FREMRA SRS 4010
Ok S B Ry s Wi G A 3= A e ot R e
Ty e I P A 7 10 B0 E R A4 SR DR I i
TF 5 95 B B Y i 32 20 L )5 5 1 A 1 400 i PR 9 S KO
R BB KT A8 Ak K A R 48 7 5 5 e R B
T = 40 A 4 R B FE AL A 55 4 B0 L] .

s E GPRV B0F 58 BLIR , W ss DL L
I A5 - 58 GPRYV 4790 % 8 45 L 5 55 37 75 ik
JFiEAT RN A SEAHFE, T GPRV A
A3 B R E R R A3 A 1 0 s 64T GPRYV B4 Ho i 3 4
5 B 2 S 4 R B 1 TR ALK e GPRV YL &
AL SO B S AR g8 107 22 AL T B+ DG BIF T 5
TGRSR S8 Wi 5 98 1 LA KU BE 25 1 kA



11 ]

¥ OBEF.RRERBHEKRBESE CH1 R RE 1043

B2 3K
[1] Parashar UD, Gibson CJ, Bresee JS, et al. Rotavirus and severe
childhood diarrhea[ J]. Emerg Infect Dis, 2006, 12(2): 304-
306. DOI: 10.3201/eid1202.050006
[2] Mihalov-Kovacs E, Gellert A, Marton S, et al. Candidate new
rotavirus species in sheltered dogs, Hungary[]J]. Emerg Infect
Dis, 2015, 21(4): 660-663. DOI. 10.3201/eid2104.141370
[3] Matthijnssens J, Martella V, Van Ranst M. Genomic evolution,
host-species barrier, reassortment and classification of rotavir-
uses[ J]. Future Virol, 2010, 5(4) . 385-390. DOI: 10.2217/{vl.
10.37
[4] Matthijnssens J, Otto PH, Ciarlet M, et al. VP6-sequence-
based cutoff values as a criterion for rotavirus species demarca-
tion[J]. Arch Virol, 2012, 157(6): 1177-1182. DOI: 10.1007/
s00705-012-1273-3
[5] Degiuseppe JI, Reale EA, Stupka JA. Rotavirus epidemiology
and surveillance before vaccine introduction in Argentina, 2012-
2014[]7. ] Med Virol, 2017, 89(3): 423-428. DOI. DOI: 10.
1002/jmv.24650
[6] Guo L, Yan QG., Yang SL, et al. Full genome sequence of giant
panda rotavirus strain CH-1[]J]. Genome Announc, 2013, 1
(1): 1. DOI: 10.1128/genomeA.00241-12
(7] ERIR, B G, skbR, 5. KAEM 4 1015 38 20 s i i 42
Mo TS [T, 224, 2008, 28(1): 87-91.
[8] EMAR, B, skakM, 5. 4l KRR A 48 DR 22 B e MR IRYS 1Y
Biya )], ek, 2009, 30(7) . 120-122.
[9] fiake. RAEM 48R B CH-1 Wk &R e e X 43+ AT (D] IRIL .
PO A A R 2 51 - 2 A i 3C . 2011,
[10] ¥, bk, SRAR, 5. KM EE CH-1 # VP1 %
R s e A5 B2 )], P RS ERE, 2014(1) : 27-
32. DOI: 10.16656/j.issn.1673-4696.2014.01.003
[11] f%%, &, Bar, 5. KRAEM IR AR 7 CH-1 bk VP3 B
H o ve b SRR B ar )] BB HE KRS E, 201511
14-8. DOI; 10.13881/j.cnki.hljxmsy.2015.0934
[12] FE, BUHST, KRG, 5. RAEMA R EE CH-1 #ROMKGEE
M VP4 R 1 5e B 5 AR B a0 T E B E R,
2011(6): 575-581. DOI: 10.16656/j.issn.1673-4696.2011.06.
003
[13] Lie Y, Chen SJ, Wang CD, et al. Molecular cloning and se-
quence analysis of VP6 gene of giant panda rotavirus strain
CH-1[J]. Afr J Biotechnol, 2011, 10(65) : 14329-14336. DOI:
10.5897/AJB11.1173
[14] BUH S, FHE, KGR, 55 RAEMA R CH-1 $ROMKGEE
FLCVPT) 3 [ 3 5 [ AR ) 15 2 2 e B (0], 3 08 B 2 41
2010, 41(6): 705-710.
[15] XHE, e, BUH S, 4. KRAEM A IRME CH-1 Bk NSP4 JE[H
s e S AR B AE L)) T E B ERLE, 201008): 783-
787. DOI: 10.16656/.issn.1673-4696.2010.08.015
[16] Lei Y. Cloning and phylogenetic analysis of the NSP1~5 genes
of giant panda rotavirus strain CH-1 isolated in China[]J]. Afr ]
Microbiol Res, 2011, 5 (31): 228-236. DOI. 10. 5897/
AJMR11.337
[17] Sun X, Jayaraman A, Maniprasad P. et al. N-Linked glycosy-
lation of the hemagglutinin protein influences virulence and an-

tigenicity of the 1918 pandemic and seasonal HIN1 influenza a

viruses[ J]. J Virol, 2013, 87(15): 8756-8766. DOI; 10.1128/
JVI1.00593-13

[18] Petrov AM, Zakyrjanova GF, Yakovleva AA, et al. Inhibition
of protein kinase C affects on mode of synaptic vesicle exocyto-
sis due to cholesterol depletion[ J]. Biochem Biophy Res Co,
2015, 456(1); 145-150. DOI: 10.1016/j.bbrc.2014.11.049

[19] Hwang DW, So KS, Kim SC, et al. Autophagy induced by CX-
4945, a casein kinase 2 inhibitor, enhances apoptosis in pancre-
atic cancer cell lines[ ]J]. Pancreas, 2017, 46(4);: 575. DOI:
10.1097/MPA.0000000000000780

[20] Paramanik V, Thakur MK. Estrogen receptor beta and its do-
mains interact with casein kinase 2, phosphokinase C, and N-
myristoylation sites of mitochondrial and nuclear proteins in
mouse brain[J]. ] Biol Chem, 2012, 287 (26): 22305-22316.
DOI: 10.1074/jbc.M112.351262

[21] T, BB, skaAM, 45, KRABM4I0OW & RT-PCR & 77
ST, R R, 2010(5) 0 490-493. DOIL: 10,
16656/.issn.1673-4696.2010.05.020

[22] M2 %5, BE2L, M &, . KRB OIR% & 996 & & RT-
PCR AWM T LML, B4, 2016, 36(4): 445-451.
DOI: 10.16829/j.s1xb.201604009

[23] Wt LS, 8L, 5. SYBR Green | S 90t € it RT-
PCR 5% #L RT-PCR il K A8 A 48 R0 55 9 L B OF 52T .
B B RE 42, 2016 (10D 1248-1252. DOI: 10.16656/]. issn.
1673-4696.2016.10.007

[24] Kou XX, Fan HY, Wu QP, et al. Development and application
of a loop-mediated isothermal amplification assay on rapid and
sensitive detection of rotavirus in fecal samples and artificially
seeded oysters[]J]. Food Control, 2014, 41(1): 151-157. DOI.
10.1016/j.foodcont.2014.01.013

[25] Rudolph DL, Sullivan V, Owen SM, et al. Detection of acute
HIV-1 infection by RT-LAMP[]]. PloS One, 2015, 10(5):
€0126609. DOI: 10.1371/journal.pone.0126609

[26] Oloniniyi OK, Kurosaki Y, Miyamoto H, et al. Rapid detec-
tion of all known ebolavirus species by reverse transcription-
loop-mediated isothermal amplification (RT-LAMP)[]]. J Vir-
ol Methods, 2017(246): 8-14. DOI: 10.1016/j.jviromet.2017.
03.011

[27] D&, KRR R # CH-1 %k VPA-VP7 BUHE R 9 38 3 1
IR A 5 G AT S (D, S . DU e ol R A 4
QLIRS 2013,

[28] Sun JF, Han ZX. Shao YH. et al. Comparative proteome anal-
ysis of tracheal tissues in response to infectious bronchitis coro-
navirus, newcastle disease virus, and avian influenza virus H9
subtype virus infection[ J ]. Proteomics. 2014, 14(11): 1403-
1423. DOI: 10.1002/pmic.201300404

[29] Sun X, Wang SY, Lin X, et al. Proteome analysis of duck
tembusu virus ( DTMUV )-infected BHK-21 cells [ J]. Pro-
teomics, 2017, 17(12): 1-11. DOI: 10.1002/pmic.201700033

[30] Zhu SL., Chen X, Wang LJ. et al. Global quantitative pro-
teomic analysis profiles host protein expression in response to
Sendai virus infection[ ] ]. Proteomics, 2017, 17 (5): 1-14.
DOI: 10.1002/pmic.201600239

Wi BEHEI:2018-01-15 4REE: X515





