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Abstract: The objective of this study was to isolate and characterize a bovine-yak origin group A
rotavirus with the G8P[11] genotype and to analyze the genetic evolutionary features of its genome.

Fecal samples from diarrheic calves at a dairy farm in Sihong, Jiangsu Province, were screened for six
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diarrhea-associated viruses. Rotavirus (RV) -positive samples were isolated and identified using
RT-PCR, indirect immunofluorescence assay (IFA) , dsRNA-PAGE, and electron microscopy.
The growth kinetics and cellular tropism of the isolated strains were characterized, and their cross-
species transmission potential was evaluated. Additionally, whole-genome sequencing was performed
on the isolates, followed by phylogenetic tree construction to determine their G/P genotypes. A
bovine rotavirus strain was successfully isolated. Inoculation onto MA104 cells induced typical
cytopathic effects, including cell rounding, shrinkage, detachment, and fragmentation. The virus
reacted with VP6-specific monoclonal antibodies, exhibited a 4:2: 3: 2 genomic RNA electrophoretic
pattern, and displayed characteristic wheel-shaped virions approximately 70 nm in diameter. This
strain was designated JSSH2024. A one-step growth curve revealed peak viral titers (TCID;,) as
10°7+mL™" in MA104 cells at 18 hours post-infection. In vitro infection assays demonstrated the
virus's ability to replicate in MA104, IPEC-J2, HT-29 and HCT-8 cell lines, indicating potential for
cross-species transmission. Whole-genome sequencing and phylogenetic analysis identified its
genotype as G8-P[11]-12-R2-C2-M2-A13-N2-T6-E2-H3. Eight gene segments clustered closely
with bovine rotaviruses, while three segments showed closer genetic affinity to yak rotaviruses,
suggesting its origin as a bovine-yak reassortant virus. This study reports the first G8P[11] bovine-

yak reassortant bovine rotavirus (BoRV) in China, providing critical insights for epidemiological

surveillance and vaccine development.
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1.1 ##

L1 Zi AR TR IR A4 .
MA 104 (fE [ 5 i B 1 Jz 4 L)  Marc-145(HE 91 2%
T A0 ) MDBK (A= 40 A ) ST (5% 52 L i g )
IPEC-J2(3% =5 I b B2 2 M) . Caco-2 (45 B W Mo
A ) HT-29 (AL I 4 L) \HCT-8( Al
7 Fi 98 A 1L ), X FR T 9 A AR B 2 B ARl AR R
BHAY S G TR E SR % R

1.1.2 JREEER AR5 FH T A6 D1 BH PR X6 i
¥ W2 AL 45 - 4 58 R B (BoRV) | 4 5 IR i 7
(bovine coronavirus, BCoV) | 4 % ifi % 7 (bovine
enterovirus, BEV) | 4 %5 # £ i ¥5 (bovine viral
diarrhea virus, BVDV) . 4 Ii# %% ¥ (bovine adeno

R1 RERUASY

Table 1 Primers for virus detection

virus, BAdV) | 4 2 1k J§ B (bovine astrovirus,
BoAStV) , 2 i1 7T 954 4 Ml B2 B2 4 Ml 42 b 36 24
Ay TR R S R AT

113 F = il DMEM K; 3¢ 2 Wy H
BasalMedia 2 ] ; B4 F Sigma 2 ] 5 6 4 1l 1 1
F o E RS A R AE R A R B RNA 4
i #F & FastPure® Cell/Tissue Total RNA
Isolation Kit V2,2X Green Tag Mix.2X Phanta®
Max Master Mix, 5X HiScript II qRT SuperMix II
By A re v 4E e R W) R B A R A F] S FITC
Frid th 230 W 1gG (H+-L) L E 9t Bl IgG/HRP Il H
Solarbio A 7] ;pMD19-T A& H TaKaRa /A ] .
L1.4 PEARABE  fi 1 0B AR BT R 5 W
SOV A Bl R G A T B SRR L R OR AR B
T 1 mL DMEM ¥ 32 iy g0 b /b5 5 R
) & v BE 2 000 U-mL ', 8 8 R M X WK ¥
2 pg-mL L RBEIR GRS . BT —80 TR
i VKA ¥ U 30 min J&  Fe B8 2 37 ORI IR YR, LR
UREl 3 U AR TOW J5 AR o 7E 4 CHRATFT B0, L
12 000 r-min " B0 15 min, /N0 W E W5 0 B &
TLHEEPE W, R 0.45 pm JE 2§ X | 15 W dE 47 4
b U, TR A T — 80 CIR 74 .

L L5 5Iudtkam  WRIES%3CHk25, 26]
ZAC B E T AR R A /G 519

519 BIIEI (53 EAILIC pegionme 5%
Primer Primer sequences (53" temperatugr{e Product length ~ References
RV-VP7-F GGCTTTAAAAGAGAGAATTTCCGTCTGG 56 395 [25]
RV-VP7-R ACTGATCCTGTTGGCCATCCTTT

BCoV-N-F AAGGTGTGCCTATTGCACCAG 54 500 [26]
BCoV-N-R GCTTAGTTACTTGCTGTGGC

BEV-F CTTTGCACGCCTGTTTTCC 54 497

BEV-R CACACGCTCGGAGGTTGGGAT

BoAstV-F GAYTGGACBCGHTWTGATGG 54 418

BoAstV-R KYTTRACCCACATNCCAA

BAdV-F TCAGGACCGCCTGGATCATA 54 796

BAdV-R TCAGCCACGCAAAGCCATTT

BVDV-F ATGCCCWTAGTAGGACTAGCA 54 244

BVDV-R TCAACTCCATGTGCCATGTAC
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1.2 J®/EA PCRE M

Bl 1,47 B & ah 3 1N R 200 pl, A
Tt P I PR A2 ) BB RS W] RNA $2 U7 &
(Fast Pure ® Cell/Tissue Total RNA TIsolation Kit
V2) U8 B A5 HE A7 B RNA 9 $2 5 (30 pl. ddH,O %k
it RNA, T —80 ‘CLRAF) o 2 B 5t iy MEE A B
oA RS v S i si it 5] & vl WY 5 08 1 52 & 5 ) ik
& AT B SR, K RNA R 5 8 cDNA . ) A
2X Green Tag Mix F1 6 F i 15 AH 5 9 25 5 K 51 9
WK1,
1.3 RENSBESHEWL

B 11047 H b B A BE P ORE W, A
LR EE ] 10 pg-mL ' EREG SR )5 BT 37 CIlRAE T
AFE 1 h, 32 H R AL % PBS ¥ PR 2 1 6 4L
M MA 04 4 i, K Ak 2 3k 1 338 9 422 o 380 240 i v
7E 50 mL-L ' CO,, 37 CH: 32 55 WL B, W BfF 1 h
5L FE W, O PBS W BRI 2 Yk, H G Il
75 1) DMEM By 4E 7 W & el (1 pg-mL ', HH R
2000 UsmL "F4%HE 2 pg-mL ") , £ 50 mL-L~'
CO,, 37 CHHE ik K F% 46 b 55 3%, 157 22 WL 5¢ 41 1 9 7%
(cytopathic effect, CPE)IEH . 44 8020 14 4 g i3
B CPE I, #4795 28 W A9 W B (—80 °CL, Rt 31,
4°C.12000-min ', B> 15 min) . 2 J5 # A [H) A4 7
RUEAT AL AR . 2 RS A 4 s A B, X o B
HEAT 25 BEAfAL . E WA Y 08 7 R TP AN 2Rk EE
10 pg-mL "By BREE RS BT 37 C G 1 h, K
T B 75 E AT 10 A5 4% LU AR B, 28 HBUR 8 B2 Ry 10" %
B 10° 4% 19 6 A A [|) M B¢ 2, JF 45 A 3 6 FL AR E 1Y
MATO4 4 . 7E 50 mL-L ' CO,,37 CH 46
JAE 1 h, 755 35, FH PBS Uk 4, ] B4 €5 1)
GIBCO 2 X MEM fii#4 % 37 'C., K5 11 g L'
A R BB HE 12 13950 IR & A I fin A el , {22
AWERO0.5 pg-mL L BALPIMA 2 mLIBES W,
T A AR A K 6 FLAROCE & T BT e
) of AR B AE 37 °C .50 mL- Lt COL B 15 3546 v 1%
I, JF LS A M 00 s 722 o 4 B AU Y 2 O T
PR ST AT Y €8 01 PR, R Pk 0 B B ik 3 Tt T Y
EP & v, HE4T VR Al 305 27
1.4 =SB RT-PCR5RT-qPCREE

2 % GenBank ¥4l 2 0% 19 [ 4 4h BoRV
7 Mk NSP5 3L 5, # H] SnapGene 4. 1. 8 %k 4 % it
RT-qPCR 5 ¥ #il ¥ 4 (RV-NSP5-F207-226:
5 -TCCACTMACCAGYTTTTCGAT-3" ; RV-

NSP5-R298-279: 5" -~ AWGGYCGTGATTGYGY -
YGAT-3" ; RV-NSP5-probe232-261: FAM-TC-
GAATGCAGTTAAGACARAYGCAGACGCT-
TAMRA) th 38 F A= 9 CL 80 By 47 IR A 51 A 1.
PEHUS> B 35 bk P4 . P6 . P8 P10, P1240 %5 & RNA, X
B ARG cDNA, FIH 2 189 VP7 55 51 9y ik 7
RT-PCR ¥ f RT-qPCR FEATI 5E .
1.5 EERELALIKERE

W 2 1 I BT Ab B PO MR R R T
MA 104 40 g 52, ) 25 15 B OE 5 40 i) IR, 2838 24
ik A B 3% 05 O 3 B Y MAL04 40 24 h )7 ), 5 b
T8, 6] R 1098 1 TG K 2 T e L 1A [, Bl
VP6 B BEHTRAE ) — 0 (AR S 86 % 4%, 1:2 000)™
AT B S H FITC FRid th 3410 B 1gG (1:500)
THHEATIE R o A WU T SRR SRR R
PEGR AL L,
1.6 dsRNA-PAGEXZE

K FH 58 TR M Tk P 958 s H UK B2 R 32E 4T dsRNA 43
T & S L M, SR 1. 27/ 7 k2 EL P10 1R
B 1Y RNA L 7E RNA FEAR HITA 52X loading J& , |
FEF 7.5% B (JERE 1.0 mm) , 7 (1 X TAE 2%
W (89 mmol:L ' Tris-base, 89 mmol-L " #j fig ,
2 mmol-L™" EDTA) & & ', T Bio-Rad Mini-
PROTEAN Tetra B ¥k F 4t #1715 J£ (180 V) HL Ik
Sr#5 5 he R MR Ytk UK G BEIE A
0.03% YeaRed #% B& 4% B} (9 e 0 9 ( 2 Wk B .
0.3 mmol-L ' NaCl, % 10 mL-L " JE K E K ),
37 Ct 4R ¥ Y4 {6 30 min J5 , 7F Gel Doc XR+ 5 ik
% 2 58 (Bio-Rad) T Wi 4%,
1.7 BEENE

SR FH R 500 R G 1 g 8 5 R X BoRV #E47TE
B, RS ERBR T 24 MAL104 40 i 5% 4
I T 80 %6 19 CPE B, Wi 45 9 3 a8k e 1Y) 20 Jif
W, T Yci st 12 000 remin ', B0 15 min (4 °C) 2
B 20 LR L IS 22 0. 45 pm FLAR DE IR 1 0B )
K H B4 70 Ti 8 %% 7 1) Beckman # # 2 0> Hl
(Optima XE £#%1) #47 & 4 : 30 000 remin ', 4 CE
O 1.5 h 5 2 B 0RO B2 U0 JE H TNC 22 #h il
[20 mmol-L " Tris-Cl (pH=8.0) , 100 mmol-1. "'
NaCl,1 mmol-L ' CaCL] B FZEEF LA 1 mL,
7 FE A 22 20 mgemL ! B R (pH=6. 8) i e (4
Ab PR S 4 ] Hitachi HT 7800 % 37 5 v, 1 52 13 85 1
1105 B 0L F T8 SRR AE I WL %R .
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i B e 52 # (multiplicity of infection, MOT) i
0. 1,45 P10 U 75 i i 7 214 35 502 59 MA104 2
M iy 12 fL M . I TEHERE S 6.12.18.24 F1 36 h
W B T 4 PR L 2 25 SR L27 1R 5 vk L R T A
P b A A ) G 2 A B €k (TPMA ) A6 T i 25 119
JRYLIE I, A CPE 45 58 ; AR ¥ Reed-Muench ¥ 1
R 2 THAE AN Y 5000 H AU IR L R A . N
GraphPad Prism 8. 0 {4 ¥ 17 22 il 5 2 A= 1< il £
AT A 5 35 R AE A4 A1 00 184 58 30 1 24 1% L o
1.9 K5 RKiE

L MOI & 0.1, ¥ P10 1% 9% B 4 I gk Y
MA104 , Marc-145, MDBK | ST | IPEC-J2, Caco-2,
HT-29 fl HCT-8 40 Jfl , £ CO, K5 2 46 h 5 5% 24 h
J5 AR R L A7y 2 R AT 1) 4 e 2 9 G IR  , WE A

&2 BoRVEEEAY HES(Y

Table 2 BoRYV whole-genome amplification primers

BTN [ 200 B 11 B G 7K
1.10 £ERFHANRF

A WF 5% 3 F GenBank 85 & Wi S 19 = N Ak
BoRV % #k 4 2 [H 4 /7 %1, >k FH SnapGene 4. 1. 8k
PRI LISy 1519 L1, 37 P1OARAE
1 cDNA SN #EAR , 4 B3 2 S 4047 4y Bt PCR Y1,
20958 i LK B0 IE S T ER B ARG 2% U AT Al Ak TR
BE 58 114 Fr BE S B 2 pMD19-T 3544, 7 1 FH 1k
J kL % 5 R ot R AE AT RS R S R ] .
FRAG B I 45 SR 28 DNAStar 5 9 )5, 8 &
NCBI BLAST #4743 K 41 ¢ 51 8] WP 43 A, 6k B
NGB SRR RN o 7 3 VAR O €L i
158 R B 4 FL DR 4 36 DR 43 10 1 i o e 2R
MEGA 11 k{44 8 2 3 N4 R4k & b w5
BT iZ B bk 1AL AL OC R

B GREE/C

AR %II% . %I%f?ﬁﬂ(S/*Si) , Annealing PR /N /bp

Gene Primer Primer sequences (5—>3") femperature Product length

VP1 VPI1-F GGCTATTAAAGCTGTACAATGG 51 3302
VP2-R GGTCACATCTAAGCACTCTA

VP2 VP2-F GGCTATTAAAGGCTCAATGG 51 2 686
VP2-R GGTCATATCTCCACAGTGG

VP3 VP3-F GGCTATTAAAGCAGTACTAGTAG 51 2591
VP3-R GGTCAYATCRTGACYDGTGTG

VP4 VP4-F GGCTATAAAATGGCTTCTCTAA 56 2352
VP4-R GGTCACATCCTCAATAGCG

VP6 VP6-F GGCTTTTAAACGAAGTCTTCG 51 1356
VP6-R GGTCACATCCTCTCACTATA

VP7 VP7-F GGCTTTAAAAGAGAGAATTTCCG 56 1062
VP7-R GGTCACATCAWACARTTCTAMT'

NSP1 NSP1-F GGCTTTTTTTATGAAAAGTCTTGTGG 51 1476
NSP1-R GGTTCACATTTTATGCTGCC

NSP2 NSP2-F GGCTTTTAAAGCGTCTCAGT 51 1059
NSP2-R GGTCACATAAGCGCTTTCTATTC

NSP3 NSP3-F GGCTTTTAATGCTTTTCAGTGG 51 1074
NSP3-R GGTCACATAACGCCCCTA

NSP4 NSP4-F GGCTTTTAAAAGTTCTGTTCCG 51 750
NSP4-R GGTCACATTAAGACCATTC

NSP5 NSP5-F GGCTTTTAAAGCGCTACAG 51 667

NSP5-R

GGTCACAAAACGGGAGTG
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2 7F B
2.1 FEPCR&N

i B2 PCR AT, 45 5 B R (A RV 51997 1
DXl 5 BT OB A9 395 bp HRAE S5 (1), 5 W9~
B B ot & — 30 IR SR IS FE AR R AE RV R 5
PEAZ IR | 3278 4 B W) BE A7 /F BoRV YL . H A 580
UL RS 95 SR A AZ TR A I 45 SR 24 BR M
2.2 RESBANK

Ve T T Ab LS 1 99 e 108 V42 B B MA104 B
Y e, w1 3R E AL AR BB B CPE, #Rim, AR
AR T, 4 32 o 1 SR 1Y) CPE , 38 88 41 i A2
] 406 4 I v K e 28 L TR] 3., i ok A 200 it 455 1E
A& 280% M4 B CPE B, Y 4290 15 i, &
R RN B0 AL B S RAE A FIE W . B S 8 %
AL CPE o 3, 2 B 2 O s D) 35 17 40 i
WFRAEE . sy bk A 24 b JSSH2024 ., Ryift — b

JSSH2024

B2 JSSH2024 FHkALER
Fig. 2 Purification results of JSSH2024 strain

2.3 HHREMMERKPCRE RT-qPCR

XT3 85 B ¥k ISSH2024 ) P4 . P6. P8 P10, P12
U R AZ R IEAT VPT IR 3 88, PCR R 45 5 I
B 3A, AR IR EE A FE 395 bp b 4 5 B 5 BH 1 %) BR
(RV-VPT7) K/NE 4 —BUR R 471 ;RT-qPCR
Ko 25 5L, 43 B B RR K P4 P6 . PS P10, P12 ) Ct{H
¥1<25,4% %k 21. 23.21. 54.20. 85.19. 73.19. 13;
BA 1 %t HE Sk CefE =35, M 36. 25, #F— 2 HK W%
PRI FE MA 104 40 i b 947 R A5 1R .
2.4 EERERARE

¥ P1OAR % T 42 Fl MA104 41 8 , $5 75 J5 24 h,
YA Hf B CPE, W 2 35 40 M 2R 47 181 2 , H VP6 ¢ 5=
PERPUHEAT S0 A 4% S P2 DO 45 R VLIl 3B, 45 Fh
I 15 0 MAT04 20 it v 1 B0 K e e S v A 4 29Ok
E— 25 R BH 43 88 bk Sk 6RO B L T R 2 B 6 R 4 i

M123456789101112131415161718

2000 bp

1 000 bp
750 bp -
500 bp
250 bp

100 bp
M. DL2000 DNA A X} 7> ¥ B fidrfE s 1.4.7,.10.13.16. J&
T5FEA;3.6.9.12.15.18. FIPEXT I ;2. BoRV FHMEXS I ;5.
BoAstV FHPEXTRE ;8. BEV FHPEXT R 11, BAAV BHHEXT AR
14. BCoV FHMEXS ;17 BVDV B X IR

M. DL2000 DNA marker; 1, 4, 7, 10, 13, 16. Diarrhea
samples; 3, 6, 9, 12, 15, 18. Negative control; 2. BoRV;
5. BoAstV; 8. BEV; 11. BAdV; 14. BCoV; 17. BVDV
El1 PCR#&M 6FAEEHARFS

Fig. 1 Detection of six diarrhea-associated viruses by PCR
Al A T, 0 AR E AL A B s B R R AT W B, 46

RISt ) [ E B2 15 T2 W 0 LT 2 Bk A
Wt SRE TE A7 U R Ak B AR AT A T AR AR

T .
2.5 dsRNA-PAGE

$2 B P10 105 3 9 RNA, #E 17 dsSRNA-PAGE
HL K, 1% TR R Tk 45 SR UL IR 3C, A B Rk LA A BERSIR
Joi B (A REAE P P UK (BT HES JraUl 4:2:3: 2 046
4AS B4 F B XUEE RNA (dsRNA) 35 B ) (X 1 A
Bt 1~4) 54 &8 R /NR R R B O I 7 B 5~9,
Horh B B 7~9 B HEANIE B — AR E544 ), 24~ /N 4y Bt
(XL R B 10 F1 11) o i — 25 UESE T JSSH2024 7
MR A FERE RN FE -
2.6 HENR

14 B Bk JSSH2024 5 5 15 3% W (P10 4R ik 47 4l
1k, WL B 45 R UL I 3D, 45 T AT L S AR g R B AR AR
() UKL , 2 T 2 58 R BRI, 5 T 0 32 K 5T 4
P, A 52 18] 48 S5 R HE 51 19 900 58 T8 BURR AE M 10 < 22 40
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A M P4 P6 P8 PIO PI2 PC NC D
2000 bp
1000 bp
750 bp
500 bp
250 bp

100 bp CPE

D
VP6
DAPI

JSSH2024

MOCK

A BARUAE#E RV -VP7-395 3 [ RT-PCR " # (M. DL2000 DNA M %} 43 F 5t &t 45 iff ; P4, P6 . P8 P10, P12. JSSH2024 %tk
4.6.8.10 1244 474 s PC. BHEXT IR s NC. BI#EXS ) s B. JSSH2024 # # I U MA 104 41 i (19 CPE Fi 8] £ 5 52 5 6 1 36 2%
(AR =100 pm) ;C. JSSH2024 bk dSRNA-PAGE 3 5 41 {9 % R4 L ; D. JSSH2024 7 4k 1 k0 1

A. RT-PCR amplification results of RV-VP7-395 gene for various generations of JISSH2024 strain (M. DL2000 DNA marker;
P4, P6, P8, P10, P12. 4, 6, 8, 10, 10 generations of JSSH2024 strain; PC. Positive control; NC. Negative control) ; B.
CPE and IFA results of MA104 cells infected with JSSH2024 strain (bar=100 pm) ; C. dsRNA-PAGE map of viral dSsSRNA
extracted from the strain JSSH2024; D. Electron micrograph of virus particle of JSSH2024 strain

3 JSSH2024 SR ETELER
Fig.3 Identification of JSSH2024 strain
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Fig. 6 Whole-genome amplification of JSSH2024
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Table 3 Analysis of each fragment of JSSH2024
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