H g 4l R 22 4R Journal of South China Agricultural University 2021, 42(4): 7-16 DOI: 10.7671/j.issn.1001-411X.202007009

250, BHEEDS, HIRMY, 5. S R K R AR iR R I ) B 54 E (1], SRR AL RS AR, 2021, 42(4): 7-16.
LI Zhanhong, XIE Jiarui, YANG Zhenxing, et al. Isolation and identification of Mangshi virus in sentinel cattle from border areas of Yunnan Province[J].
Journal of South China Agricultural University, 2021, 42(4): 7-16.

ZEEREBXIBERITEMRENTESETE

2 Ew'" BERT, BiRX, BER, =45, 5 B,
W, 2R, BEF, & 8
(1 ZHhLEHREEHFR A RFTERAFHMmERELELIRE, =& L9 650224,
2 FRTHYEATRGIEH P, Fd Fik 666100)

HEE: [H W) HIE = 54 D50 X 24 B 5 25 (10 2 FE M o A FL 3 IR . (78 78 = 48 Se it i s mg 4
33k, R 1 YR MR AT BUBR R A MR 5 4 B o I FELABE % i PRI 2H B AR W A LK RT-PCR 5 58 [ U /7
o 4 B9 B HEAT 48 8, SR B SRR 2% g B RT-PCR 5 1137 He R 56 X8 98 35 76 30 4 1 B 4 3EAT 181 39 43 47
(45512019 &, 7EMIAEE 13 B, A1 Sk Fe 2= 1 v Hh 43 25 H 1 AR B C6/36 41 A s 28 (1199 & (V301/
YNJH/2019), AT SR WL EAAZZ] 70 nm. 2 - [HIAS FREEH BB BT, B AR MR EE I Bk s i B 2 R 4
BUE RNA, RT-PCR %78 43 B FE AT TR (MSV)e WIF BoR, 7 B8R I BRI 19 B Seg-4 1 Seg-7 KJE24 2 055
Al 1122 bp, iR EEHIINEASEER [ VP4(628 aa) Al VP7(298 aa), JE KBt Seg-2 Al Seg-9 KA 3 055 Al 1076 bp,
YRTIR 5 (1) N B AR 7o [ VP2(956 aa) Al VPI(283 aa); 4 B #ik-5 = A TS 11 40 25 /) MSV/DH13M041 iR
BRITES 2 R, HBRF S M EFE 97.4% (Seg-9)~98.5% (Seg-2) X [], & IR 5 51 AHALLE 7E 96.4%
(VP9)~98.4%(VP2) Z [f] o 4 BE K HL (1 (B0 23 A 7, M DUHAROEE 11 J, 2 3 b B A% B A I 52 BH 14, 8 T A%
B ETEER 13 JEA 2 506, B 5 POEPRK, 7E265 18 JA B M s B emy Fe AR 7E M AR 26 13 B L AR e i 1
HRRIBUAE (1:14), 7E58 16~18 Ji AL T il (1:226), MM IIEE 24 FIFEAR N 1:570 (4518 1A SO A7) 2
F|T MSV, RHH4E MSV 15 Bz —, Wi E YA LR — PR FIRHE. B 45 ot — B oF
Ji& MSV AU W 04T 93 27 TR 2 5 o PR 7L B9 58 T B44il

FIRIA): A4 TR RN REIR A DT W B BRYLREE; BB
FE S S $852.65 HERFRES: A XEHS: 1001-411X(2021)04-0007-10

Isolation and identification of Mangshi virus in sentinel cattle
from border areas of Yunnan Province

LI Zhanhong'?, XIE Jiarui'f, YANG Zhenxing', KOU Meiling', LI Huachun', GAO Xiang’,
HU Zhongyan’, LI Zhuoran', LIAO Defang', YANG Heng'
(1 Yunnan Tropical and Subtropical Animal Virus Disease Laboratory, Yunnan Veterinary and Animal Science Institute,
Kunming 650224, China; 2 Animal Disease Control Center of Jinghong, Jinghong 666100, China)

Abstract: [Objective] To analyze the diversity, dissemination risk of animal arboviruses in border areas of

Yunnan Province. [Method] Three sentinel cattles were placed in Jinghong City, Yunnan Province and blood
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samples were weekly collected for arboviruses monitoring and virus isolation. The isolated virus was identified
through agar-gel electrophoresis, electron microscopy, RT-PCR amplification, cloning and sequencing. The
infection characteristics of the virus in infected cattle were retrospectively analyzed by qRT-PCR and serum
neutralizing test (SNT). [Result] In 2019, a virus strain (V301/YNJH/2019) which caused cytopathic effect on
C6/36 cells, was isolated from blood sample collected from one of the cattle at the 13" week of monitoring
period. Electron microscope observation revealed that the virions were icosahedral symmetry with a diameter of
about 70 nm. The result of agar-gel electrophoresis showed that the viral genome was composed of double
stranded RNA. The isolated virus was identified as Mangshi virus (MSV) by RT-PCR identification. Sequence
analysis exhibited the lengths of Seg-4 and Seg-7 from the isolated virus were 2 055 and 1 122 bp respectively,
encoding viral out-most shell VP4 (628 aa) and VP7 (298 aa) proteins, while Seg-2 and Seg-9 were 3 055 and
1 076 bp respectively in length encoding viral inner-core VP2 (956 aa) and VP9 (283 aa) proteins. Phylogenetic
analysis showed that the isolated virus had the closest relationship with MSV/DH13MO041 isolated from Mangshi
of Yunnan Province, with their nucleic acid sequence similarities ranging from 97.4% (Seg-9) to 98.5% (Seg-2)
and amino acid sequence similarities ranging from 96.4% (VP9) to 98.4% (VP2). Retrospective investigation
results of the virus infection indicated that virus nucleic acid was first detected in the blood of the infected cattle
at the 11" week of monitoring period. The virus nucleic acid in the blood reached the peak at the 13" week and
dropped rapidly, becoming not detectable within 5 weeks. The results of SNT showed that neutralization
antibody against V301/YNJH/2019 was first detected at the 13" week (antibody titer 1 : 14), peaked from the

16" to 18" week (antibody titer 1 : 226) and decreased to 1 : 57 when monitoring terminated at the 24" week.
[ Conclusion] The MSYV isolation from cattle indicating cattle is one of the susceptible animals of MSV. In
naturally infected cattle, the virus is characterized by “transient infection” with no clinical symptoms. Our

study imparts a foundation for study of epidemiology, pathogenicity, and diagnostic reagents of MSV.
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Table 1 Primers and probe used in this study

FLIEA T B

ElEZLNAY

R RE" SR M F5(5'—3") . TR /N bp g i&
Virus Target gene Primer or probe Primer sequence Loca.tlon of Product size Use of primer
segment primer
MSV  Seg-12 MSV-S12-F AGGCTCTTTGACAACT 34~55 631 MSV45E
CTACGA MSYV identification
MSV-S12-R GTCTCCGTCTGATAGT 645~664
GTACTCT
BAV  Seg-12 BAV-S12-F TGTGAGGGTCCAAGTC 116~136 653 BAV%
ACGAC BAYV identification
BAV-S12-R AGCATAAGAWGCATG 746~768
GCGACCT
KDV  Seg-12 KDV-S12-F ATATCGGCTGTTTCAG 127~148 602 KDV4E
CTAGTG KDYV identification
KDV-S12-R GATCCAAAGTGGTAAC 706~728
CCAAATG
LNV Seg-12 LNV-S12-F GGAGGAAGAATCAAT 76~97 599 LNV E
GCCGTAG LNV identification
LNV-SI12-F AAGTTGTGAGTGTTGC 653~674
TTGGTT
MSV Seg-2 MSV-S2-F GTAAAGAATTATACGC 1~27 3055 MSV Seg-24K 75
TGATGACATAC i
MSV-S2-R GTCGTTTTTCGAATCTT 3 032~3 055 Full length
GCTAAGG amplification for MSV
Seg-2
MSV Seg-4 MSV-S4-F GTAAAGAATTTTATAG 1~29 2 046 MSV Seg-44:= K5
ATTTTTCATCATG i
MSV-S4-R GTCGTTCCTTTCATGA 2033~2 046 Full length
CGTTCAT amplification for MSV
Seg-4
MSV Seg-7 MSV-S7-F GTAAAGATTTTTCAAG 1~29 1122 MSV Seg-74: K75
GAATATTCACTGA i
MSV-S7-R GTCAGTCATTCTCACG  1102~1 122 Full length
GGGTC amplification for MSV
Seg-7
MSV Seg-9 MSV-S9-F GTAAAGATTTTTTGTA 1~28 1076 MSV Seg-94: K771
GGAAAACATGAT Ei:
MSV-S9-R GTCGGTCATTCTTGCT 1 056~1 076 Full length
CAGTG amplification for MSV
Seg-9
MSV  Seg-12  MSV-SI2/YG-F  GCCAACTAAGCGTATT 497~516 85 MSV qRT-PCR
TACC
MSV-S12/YG-R  ACCACTTCGTTTGTCA 558~581
ATTAATAG
MSV-S12/Probe ~ CCAACAGCACCTCCTG 531~554
ACCATACC

1) MSV: & 7 J% 4, BAV: 57, KDV: ¥ K ¥ A, LNV: il T ym 4

1) MSV: Mangshi virus, BAV: Banna virus, KDV: Kadipiro virus, LNV: Liaoning virus
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1.8 RT-PCR #1552

B4l Ak 5 B9 # dsRNA, 94 °C A8 &b 3
3 min, SZEJVKIS, #E4T dsRNA HIfEE . BV IR
NRER, 2R 1 g X MSV.BAV.KDV 5
LNV (1] Seg-12 [1)% % 51 W03 AT 40 BR 8 1) — b1k
RT-PCR ¥ H %5€ .

KH 2K cDNA #34R (Full length cDNA
application technique, FLAC)", 3R H 5 & [K 2H 4=
K ¢cDNA. PA& ) cDNA Jokiti, {2 1
519, Bt Q5 MR E DNA AR 165 25
PRI Seg-2. Seg-4- Seg-7 55 Seg-9 &K J¥ 41, HIk
JiZ RIS FEE DR 5 B 1) PCR 72470, K [T DNA F
B il N PLB P oK o BB A, B4k K g 154 1
DHS5a. 5245210, BRI BT PCR S8 5T .
1.9 FIoth5RGLEERAE

{i H§ NCBI ] ORF 73 H1##F (https://www.ncbi.
nlm.nih.gov/orffinder/) X§ $KEL 1] Seg-2+ Seg-4- Seg-
7 5 Seg-9 F:H T Bedmbid & LR 7 AT R . M
GenBank b F# AR+ =17 B RNA R 7
H, i Fil Mafft-win 751 HL X 5002 5 A 78 HH 3k
B9 28 17 A0 3EAT LL X, 8 H BioEdit tH RS
R T, FH MAGA XY DLAR 427k
(Neighbor-joining, NJ) #J % & 4tk AEM, filf 15 4%
#F 7% (Genetic distance method) 1% P-distance,
H 2555818 (Bootstrap) HX 1 000.

1.10 FREEN LRI RERIFE S
B S 1SR AE Y EDTA Fiktli 50 pL, 14 1

A B

WERRVE WG 7 RNA i3 70 S U R, R 1
H MSV (1] qRT-PCR 514, 73 BEGL 3 ) I o
TR MBS . qRT-PCR N 4 AFN:95 C
305;95 C 55, 60 C 34 s, 3t 40 NEIR, £ MR
H 3 (A% TR & & LA qQRT-PCR N = AE 955
FIYEIR BIE 5 (Cycle threshold , Ct) FoR .

BRI 10 F5 00 FEFRRE J5 H2Fh C6/36 4H i,
L Karber 3£ I 52 73 2590 55 10 - B 20 205 77 B e
75 (Median tissue culture infective dose, TCIDsy);
W BB I3E 56 °C Ki& 30 min, 5 LLFR R &
F o K F VA B N AE 50 ul & 100 4 TCIDsg, BY
50 wL Fis B 198 B V-5 3 LR R A I VR 2 hy 7
96 FLAR LKA [ e i B M BEILE 7 170 8
i I35 %593 2 1) 7R A ), a3 Karber ¥E2 1
S A AR, 3 HT IR G B P I 3 Hh A A
B4

2 BRSTH

2.1 HENNE

2019 4F 5—10 H, 3 T e dhil RE =
M EDTA $it M Fl s & 24 4. ¥ RENHE
BN RSP AT R B e . 8 H
7 H R MIEFEALE C6/36 i iESEE 1% 5 4%
J&, B B CPE, R BN R S (1) 40 i 78
96 h HILIEEEE, 120 h Jo IR 9848 i i 5 2
(B 1), BOWERAE C6/36 MM Lig, B Ha 4
N V301/YNIJH/2019, #H4T F— %€ .

A: X C6/36 ML B~D: 43724 V301/YNIH/2019 &%k C6/36 4Hifi 48,96 il 120 h
A: Control C6/36 cells; B-D: C6/36 cells inoculated with V301/YNJH/2019 for 48, 96 and 120 h respectively

1 V301/YNJH/2019 SH#EM C6/36 MM 52 AIMMARHE
Fig. 1 Cytopathic effect of C6/36 cells after inoculated with V301/YNJH/2019 strain

22 NEFRSNEEARKSHENRER
PEHLIE4E4E V301/YNTH/2019. BTV-4/YTS4.
EHDV-10/V277 5 BAV/SC043 Etk K% R, AT
R IR AL F UK . 45 5R BOR, V301/YNIH/
2019 FEFRIFERIZH 0y dsRNA, Hk i o ik s B 4y
HESA1E R R A I+ 35 BE RNA % BAV/
SC043 FEpk#EIT, 534K 5 )8 Wi 8 BTV-4/

YTS4 F1 EHDV-10/V277 BfkAHZEK (K 2A).
I B L BTN R B AR, B R ]
W, V301/YNJH/2019 i FE 0L T E A2 2] 60~70 nm,
OCRIOR 0 EE R AT AL B R FE IR 1) R
i, 5OCHRIRIE™ AR R 1 B RNA 3
6 B RL TR (B 2B). bA B 45 B4R V301/
YNJH/2019 Pk ] HE AR 1 I+ =717 Bt RNA i 55
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B4 %

Seg-7/-8/-9/-10

Seg-11 -
Se§—12 -

50 nm

A H 1~4 5351049 V301/YNTH/2019. BAV/SC043. BTV-4/YTS4 5
EHDV-10/V277 #tkai1b )5 2 A 2H dsRNA

1-4 in figure A indicate purified genomic dsRNA of V301/YNJH/2019,
BAV/SC043, BTV-4/YTS4 and EHDV-10/V277 strains respectively

2 V301/YNJH/2019 3 ¥k i 5 E 40 37 Bs 18 58 A B8 ik
(A) 5SHREWE (B)
Fig.2 Agarose gel electrophoresis (A) and electron
microscopic observation (B) of genomic dsRNA
from V301/YNJH/2019 strain

1A
2.3 Jf&HEH RT-PCR £E

A %£ 1 H4 X MSV.BAV.KDV 5
LNVSeg-12 FIREF L4, XF V301/YNIH/2019 #
PRIOAZ R E4T — 57k RT-PCR F %52 . 45 R BoR
ICEEXT MSV 15 Pl 4 5 755 TR K /INZ) 600 bp
) DNA 4571 (%) BLAST ELXF o0 HT 8w, 374
FHl5 MSV #Hk (MSV/DH13MO041) [f] Seg-12/
VP12 %R 5 % 3L 7 5 A AL FE fe i, 70 A 98.4%
55.99.0%, ¥]25% B V301/YNTH/2019 A MSV [f]
1A
24 HERSNERTLERTESNF

SN V301/YNTH/2019 ()43 2807 PA K 5 H

AR B T B RNA R 8 2 [ R &, X
JHEEM Seg-2+ Seg-4- Seg-7 5 Seg-9 4 NI
BtAK T RT-PCR 74, 45 FE R A 448 H
KNI 1~3 kb [ DNA 44 (B 3). %9 1
DNA Jr Bl AT sa B, SnsREU% 357 S BE 7R
1076~3055 bp2 [f] (% 2).

bp M 1 2 3 4

5000

3000
2 000

1500

1000

M: DNA marker DL5000, 1:Seg-2, 2:Seg-4, 3:Seg-7, 4:Seg-9
B3 V301/YNJH/2019 F#k 4 MEETR2KFIEY RT-
PCR 438
Fig.3 RT-PCR amplification products for four full length
segments of V301/YNJH/2019 strain

FIath5 ARG &EREELER

# V301/YNIH/2019 5 £ 1l 77 45 3t 4T
BLAST LU 5 g it 28 J: J 7000l 43 A7, 485 SR e 7 AT
FIFREL T V301/YNIJH/2019 #FE ) Seg-2- Seg-4+
Seg-7 5 Seg-9 BB AKITFH, 4 ANEEF AT B
9wt 956, 628 314 5 283 NEIEM IR ILHT VP2,
VP4, VP7 5 VP9 A, VP4 5 VP7 4afd MSV [
HMNERFEE A, 1 VP2 5 VP9 Gl iZIi s 1N 2

2.5

2 V301/YNJH/2019 F#k 4 MEETIER AR RIEE B FFHHE
Table 2 Characteristics of four gene segments and their encoded proteins of V301/YNJH/2019 strain

5iA IR RO %ﬁ-ﬁﬁ?ﬁﬁ'ﬁE+;ﬁ?§3NAE%H@%%‘*H1ufE‘)/% ORFIX  UTRIX[Z/bp
Htem Sequence Sequence Highest sequence similarity with other Seadornavirus ORF Length of UTR
name length MSV BAV KDV LNV region 5'UTR 3'UTR
BB Seg-2 3740 bp 98.5 52.1 39.3 389 89~2953 88 99
Gene segment  Seg-4 2055 bp 98.3 42.7 45.1 52.7 27~1907 26 145
Seg-7 1122 bp 97.7 33.0 35.0 34.0 32~922 31 197
Seg-9 1076 bp 97.4 43.8 28.9 30.5 24~872 23 201
HH Protein VP2 956 aa 98.4 45.8 24.8 26.3
VP4 628 aa 98.2 315 32.0 47.8
VP7 298 aa 98.9 10.1 23.5 23.1
VP9 283 aa 96.4 36.1 20.0 17.9
1) MSV: 2= 7 J% 4, BAV: M 4% 2, KDV: £ X ¥ &4, LNV: L 7% 4

1) MSV: Mangshi virus, BAV: Banna virus, KDV: Kadipiro virus, LNV: Liaoning virus
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KA. FREP) SR T B 1) S'UTR K35
F 3'UTR, 5'UTR K FETE 23 bp(Seg-4)~88 bp(Seg-
2) 2 If], 3'UTR MK ELE 99 bp(Seg-7)~201 bp(Seg-
3) ZIa] (3 2), SHABKE WA =" 7B RNA 8 I
MR B8 HHERT R S'UTR 5
3'UTR 7K % = £ AR 57 17 B R AE R : 5'-GUAAA
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Fig. 4 Phylogenetic trees of four segments of V301/YNJH/2019 using Neighbor-joining method
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The black arrow indicates the virus was isolated from the blood sample
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Fig. 5 Monitoring of viral nucleic acid and neutralization
antibodies in the blood samples collected from
sentinel cattle naturally infected with V301/YNJH/
2019 strain
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