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KEIR: IEHMPIE T IE: A BEIC SR M RT-PCR; %5E

HE, AN —MEENZFAEY, HFE
HARR = A Er E AL Y. SR, IE AR N
J&T/ 7 (Orthotospoviruses) & — 2% 5 B ¥ FEY) IR R
Yy, MEEEZEEES, JBT IR RN
(Orthotospovirus) , FHiPEZEKEEF} (Tospoviridae) ,
#i J8 W% % H (Bunyavirales) %o HH 50 8¢ 4 1F &
Pt E AR RS, B IRIE. . W8
SF. TR BE S hE R, R A R R 0 4 5 sk g B
Orthotospovirus J& ¥y B 7 B8 1 81 H UFRE A G5 8 7
AR, 78 1 ) ) A% 5% 1% 8 0 B 0 6 D JE 1 2R
H (Thysanoptera) i %} (Thripidae) 1] 5 J&
(Frankliniella) &5 )& (Thrips) , 24 PH{e i
5 (Frankliniella occidentalis) . 1% Y (Frankliniella
intonsa)  FifEE] Y (Thrips palmi)  fW&] 5 (Thrips
tabaci) , MMAE DL (Taeniothrips eucharii) ™ 2%,
HWE O S NFRRIL, 4 W A I 2 n B2

BB B 1) AL E ) S R AN A AR

1915 4, Brittlebank 7E ¥ A V. (1 % it Ak &
W — R R AR PRI EET, REXRTE
ol B 295 T3 1 e LA R e 1930 4F, Samuel™ 45
NHE T 511X FoRE IR i B & T m d R 4,
IR m AN TP ZEWF (Tomato spotted wilt
virus, TSWV)” o #&1b B #7, Z%JEH 31 Fhoi 8 b
RO %5, o 18 AN FloR 13 A8 52 A UL
Orthotospovirus J&J 50T 2EIR, HAEZN 80-120
nm; FARSNZH— ZIEREZE, N5 H AR N
i (Glycoprotein, Gn/Ge) [HZFEE A4L%: fg
JigE P 3 A% 52 4 B 1 (Nucleocapsid protein, N) 14
B B AR 7 1Y N & [ J2 Orthotospovirus J& ¥ 2%
RS E . N & A E S RME 2 T 5% e b
I 37 41 %0 43 1) 32 AR R M. Orthotospovirus J& i
A ERE Tz, HACRME MM ZE WS (Tomato
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spotted wilt virus, TSWV) &4 1] i& B iE 10 12 3 70
MEREHFIL, s 56 s K 10 Frd
Pigpi i 2 — " JE4FE oK, RT-PCR K& 2 Wi % &
Orthotospovirus J&JR # M EE 73k ™, [Fy, w LUE
Tk 1] £ v A B AR e AR R B U AT B R B R R )
)t

R b, BN R 1992 kA U AR D )i
(R 0 b &% B TSWV, 2010 4F Dong!® 48 A\ #1841
TSWV 12 4 = Ml B, 2011 4F 884 A0 17 26 Nk
18 5 6 PSP S B8 (Tomato zonate spot virus,
TZSV ) 24« B PR, Rkl 2 A
B TZSV Ry B E, 2012 EXIHEE S O R &
A SC LRI R M R IR gL | T AR SR D B (Calla
lily chlorotic spot virus, CCSV) . HILAI UL, MR -
Orthotospovirus J& )R EE M IERE N .

AT H 2012 4 LR X 2 5 24 00 5 R0 X1 0
FEHAT L, RESEMURYE Orthotospovirus J&IKTEN
TS o R FH IR B 72 W B 5 AT RT-PCR 716 %8
E, EMERESFIIMERGRKER, FiER
R EL () IE AL DE 2 2 B B M. Az mE IE
T D 2593 B3 & i B BT 4R A — 8 B AR

1 ##Fn7E

1.1 ##
2012 Lok, M\=mamdiE. B, g, L&,

B HERmREHSSHE

Fig. 1 Distribution of tobacco sample collection sites

M. 20, UG PRI R EEFNEN VL X 3R 4
3841 BEALL Orthotospovirus J& i B85 IR I JH B i €
D, FEYRRGHEH Y, fkeg. HRIESE.
1.2 i

i R BT B PiAe: BAEEREE (TSWV,
Mg 1) « RALTESR LB B (Impatiens necrotic
spot virus, INSV, IJEAIND « SEEMWE ris
yellow spot virus, 1YSV) , &ML EE (Tomato
chlorotic spot virus, TCSV, IMiEH 1) &EAIFHE
Ji5g (Groundnut ring spot virus, GRSV, ILiEAHI) ,
PH VAR BT 5995 B8 (Watermelon silver mottle virus,
WSMoV, IMiEHIV) &EAZFIRILHE (Groundnut
bud necrosisvirus, GBNV, L& 4L 1IV) 5 Pl 5 i
IDE A WU 4k 771 6 W B 92 [ Agdia A W] BRBUAR 28 97 B

(Capsicum chlorosis virus, CaCV) . i JF SUBE 5

WiTE (TZSV) . HEFEMZERH 7 (CCSV) + %k
Tl 21 & 2% 2K B8 9 78 (Hippeastrum chlorotic ringspot
virus, HCRV) 1X 4 P 23 I HiAd e PR B 2H ZE 40 0L
=G AEEORAT R w4

K F BT A I O i K G 5 I B ORA T 422 g G
G B WP V% K W TSWV, INSV, IYSV, TCSV
& GRSV, WSMoV & GBNV, CaCV, TZSV,
CCSV, 5 5% 2 H BLISA W70 & Ut 5. bhfg
RERE R IR ], #F 5 OD H / B TEXT 8 OD {E K
T2 NBHYE B, OD 18 52 F] H B #5 A £E 450 nm Al
415 nm PR E .
1.3 RT-PCR #&ill & il =

PCRASIN 51 FH 355 1 25 91 B4 223 2 J @ ) 51 4 Y
Aext iR SRR NS 5P, BRI (R
D . RHARNASRIGR MG (&4, dbn) #2838
AMREREA K SRNA, I PrimeScript™ I 1st strand
cDNA Synthesis Kit (TaKaRa, Ki%) & licDNA,
FEPCR R N L B 20 pL N AK R N: cDNA 1 pL,
(10 uM) 1 puL, Reverse Primer
(10 uM) 1 uL, Prime STAR Max DNA Polymerase
10 uL, ddH,O#P7E %20 uL. 4RJ5 7% 3% ANPCR%
MAEHRATH A BRY . PCRRNZETFHN: 98°C
10s; 98°C 20s, 50°C 1-2 min, 72°C 1 min, 357§
i 72°C 10 min; 4°C fRAF. KRS HIPCR I
1.2% B AR HE LR Pk BEAT A, S DNA MakerZk i
Pei, mE B E & K ElRalift e f5, it
1Tkt M, AR EERINIEE T .

Forward Primer
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® 1 BTREHRPRESEER RT-PCR 5|4

Tab. 1 RT-PCR primers used for virus identification in tobacco samples

S4B S (5°-37) Fir BRI fop HAr4
The name of the primer Sequence of the primer (5°-3”) Fragment size /bp ~ Target product
J13 dCCCGGATCCAGAGCAAT 800-1200 Orthotospovirus
UHP dCACTGGATCCTTTTGTTTTTGTTTTITTG
gM410 AACTGGAAAAATGATT(TC)A/TCG)(TC)TTGTTGG 460 Orthotospovirus
gM870c ATTAG(C/T)TTGCA(T/G)GCTTCAAT(A/T/G/ C)AA(A/G)GC
gl.2740 ATGGG(A/ G T)AT(A/T/GC) TTTGATTTC 1180 Orthotospovirus
ATG(A/G)TATGC
g1.3920c TCATGCTCAT(C/G)AG(A/G)TAAAT(T/C)TCTCT
TSWV-F ATGTYTAAGGTTAAGCTCACTAAG 751 TSWV
TSWV-R TTAAGCAAGTTCTGTGAGTTTTGCC
HCRV-F CAGGTGGCGAAGCAGATGTA 432 HCRV
HCRV-R CCATTAGGGGGAGAGGACCA
CCSV-F AAAGATTTGCTTGCTGGAGGG 756 CCsV
CCSV-R CGCCGCTCTTCTTCTTAGTTGG
TZSV-F TGGTTAAAAAGACAGATCATTGCT 837 TZSV
TZSV-R CTACTTGCCAACATGTCTAACGTC
INSV-F CCCAAAATCAATAGTAGC 750 INSV
INSV-R AGGAGAACATAGTCAAGC
CaCV-F AGCAGTACCAGGGTTGCTTT 686 CaCV
CaCV-R ACGTCAGGCAACTTACCGAG

1.4 HERZAEW

DU 38 [ () R B 1) N SRR 7 %71, {8 F MEGA
7.0 BAFAT TP 2 w10 e 245 R abl ST W 5
R ET SR, ST HIRE, ESIEEI
o WMF I ARERE S0, TR BIZN 7 45 AT
H, FTREEBFNT; T FASTA #0755
M, MIBREAAFE ) BLAST A4 . #4051 21
AN N 2 [K J5 71| A1 )\ National Center for Biotechnology
Information website (NCBI, http://www.ncbi.nlm.
nih. gov/) I H Y IE 7 i B 200 B 1 31 FlOw EE 0
N 5 7 53547 20 A, 31 Ao 8 N 2 7 1 23 il
J& TNSV (&35 KM355773.1) , TNeV (& H% 5T
AY647437.1) , PhySMV ( & % 5 AF067151.1) ,
MSMV (% 3% 5 EU275149.1) , GRSV (& % 5
AF251271.1) , ANSV ( & & 5 GQ478668.1) ,
ZLCV ( % 3% 5 NC031759.1) , MVBaV ( % 3
5 NC026619.1) , TNRV ( % 3 5 FJ489600.2) ,
LNRV ( & 3 5 AB852525.1) , PCSV ( ¥ % &5
KF383956.1) , WSMoV ( % 3% 5 NC003843.1) ,

WBNV (& 3% 5 GUS84184.1) , TSWV (& ¢ 5
IN664252.1) , TZSV ( % 3t 5 NC010489.1) ,
TYRV ( & 3% 5 AY686718.1) , BeNMV (& 3% 5
NC 018071.1) , SVNaV (% 3t ‘5 HQ728387.1) ,
PoIRSV ( & 3% 5 KJ541744.1) , PYSV (& % 5
AF013994.1) , PCFV ( % 3% 5 AF080526.1) ,
MYSV ( & 3% 5 NC008300.1) , IYSV ( & % 5
AF001387.1) , INSV (&35 GU112504.1) , PNSV (&
%5 HES84762.1) , GBNV (&35 NC003619.1),
CSNV ( & 3 5 AB600873.1) , CCSV ( & 3% 5
AY867502.1) , CaCV ( & 3t 5 NC008301.1) ,
HCRV ( % 3% 5 JX833564.1) , TCSV ( & % 5
AF282982.1) . % | MEGA 7.0 H# 4E i [ Clustal W
AT Z P HI X, 83T Neighbor-Joining V34T 2 4%
K E 51, Bootstrap N 1,000 K.

2 #R

21 MELEEHER
MFASIMEE R 7R, 38 Gy EAE L AT 16 40 i



R EAE 2% B A O L TR R A 1) T AR 87

Kl Orthotospovirus & EE, 16 A FEMAIH 17 47 R 2 WEFMT Orthotospovirus BIRBIEEELER
Orthotospovirus JETREEI 5B, CaCV 0 4, TZSV 2 Tab. 2 Identification of Orthotospoviruses in tobacco samples

fir, CCSV 243, HCRV 3 47, TSWV 10 {77, INSV 0 43, G5 e RN i % oy T E
IYSV 0 ffy, TCSV & GRSV 0 3, WSMoV & GBNV 0 Numbers  Location of Sample Identification of  Identification of
#y, Horh NT-16 & TSWV Il HCRV &85 (£2) . Collection Serum Molecular

2.2 RT-PCR ¥F#R NT-1 I 9 Tl N/A N/A
RT-PCR K il 25 5 7%, 38 (H Az fE iy 20 N2 TiGTH N/A N/A
3 B 5B Y2 Orthotospovirus J& R 5%, o TSWV B NT-3 FiE TSWV TSWV
MR G REdn 11 4, SRR ERPIT . BB, i NT-4 I3 T N/A N/A
7. T, REEMALMN; HORV Sph@yepts, N5 B NiA N/A
A4y, HEREMRILTT. BB TSWV&HCRY 4  NTo RUW N/A N/A

38
=1y 74N e > =1y 74N Y NT-7 HDJ\_Fﬁ N/A N/A
9 1 X (EIE T TZSV SR 4% 2 437 BT ;
38
= v AN \ STD > NT-8 Hml_ﬁi N/A N/A
CCSV HUMAZ YLt il 2 R AERNVL AT (2 2) .
715
e e = = Y NT-9 SN N/A N/A
2.3 MEFEEWHERSERS N ZEERNEEIHT
38
N — \ A | \ NT-10 Hnl_ﬁi HCRV HCRV
MAGKEN (B2 Frox, 12 G s 7
38
. . N . NT-11 W@ N/A TSWV
HS TSWV AL ILF) 93%, 5 43 HF FAF it i) 20
NT-12 Wil CcCsv CCsV
100 @ NT-12 YN-LD-1-Nicotiana tabacum NT-13 E‘ﬁ EE Fﬁ TSWV TSWV
W NT-27 YN-LJ-1-Nicotiana tabacum
Calla lily chlorotic spot virus (CCSV) Accession no. AY867502.1 NT-14 é]: *}ﬂ‘ J-H N/A TSWV
Tomato necrotic spot virus (TNSV) Accession no. KM355773.1
Tomato zonate spot \vfirus (TZSV) Accession no. NC 010489.1 NT-1 5 é]: ?ﬂ‘ J.H N, / A N / A
To0]| ™ NT-22 YN-SM-2-Nicotiana tabacum
76| M NT-24 YN-PL-1-Nicotiana tabacum P " 1/
100| Physalis severe mottle virus (PhySMV) Accession no. AF067151.1 NT-16 Hjﬂ YH Fﬁ TSWV&HCRV TS &HCRV
Melon yellow spot virus (MYSV) Accession no. NC 008300.1 Mg
100 Tomato necrosis virus (TNeV) Accession no. AY647437.1 NT-17 it H Fﬁ TSWV TSWV
Capsicum chlorosis virus (CaCV) Accession no. NC 008301.1 .
Watermelon bud necrosis virus (WBNV) Accession no. GU584184.1 NT-18 REfREJH TSWV TSWV
Watermelon silver mottle virus (WSMo\) Accession no. NC 0038431 v
Groundnut bud necrosis virus (GBNV) Accession no. NC 003619.1 NT- 1 9 35“/% ﬂﬁ‘ TSWV TSWV
% Mulberry vein banding virus (MVBaV) Accession no.NC 026619.1
! 19 Tomato necrotic ringspot virus (TNRV) Accession no. FJ489600.2 NT-20 B HH Fﬁ TSWV TSWV
Pepper chiorotic spot virus (PCSV) Accession no. KF383956.1
Iris yellow spot virus (IYSV) Accession no. AF001387.1 NT-21 B ‘B;é Fﬁ TSWV TSWV
9o - Tomato yellow ring virus (TYRV) Accession no. AY686718.1
% Polygonum ringspot tospovirus (PoIRSV) Accession no. KJ541744.1 R H
56 M NT-16-2H YN-LL-1-Nicotiana tabacum NT-22 B Fﬁ TZSV TZSV
M NT-37 YN-TC-1-Nicotiana tabacum v
B NT-34 YN-LY-2-Nicotiana tabacum NT-23 x @;% Fﬁ TSWv TSwv
99| M NT-10 YN-QU-1-Nicotiana tabacum
B NT-29 YN-LY-1-Nicotiana tabacum NT‘24 Eﬁ Eﬁ Fﬁ TZSV TZSV
Spider lily necrotic spot virus (HCRV) Accession no. JX833564.1 v
Lisianthus necrotic ringspot virus (LNRV) Accession no. AB852525.1 NT-25 + /3% Tﬁ TSWV TSWV
100——— Peanut yellow spot irus (PYSV) Accession no. AF013994.1
L Peanut chiorotic fan-spot virus (PCFV) Accession no.AF080526.1 NT-26 j(IEJ‘H N/A N/A
Bean necrotic mosaic virus (BeNMV) Accession no, NC 018071.1 o
Soybean vein necrosis virus (SVNaV) Accession no. HQ728387.1 NT-27 pAN Tﬁ CCSv CCSsv
Impatiens necrotic spot virus (INSV) Accession no. GU112504.1
Melon severe mosaic virus (MSMV) Accession no. EU275149.1 NT-28 {% L]_] ﬁ]‘ N/A N/A
Zucchini lethal chiorosis virus (ZLCV) Accession no.NC 031759.1
Chrysanthemum stem necrosis virus (CSNV) Accession no. AB600873.1 NT—29 {% L]_] Tﬁ HC RV HC RV
Groundnut ringspot virus (GRSV) Accession no. AF251271.1
Tomato chiorotic spot virus (TCSV) Accession no.AF282982.1
Alstroemeria necrotic streak virus (ANSV) Accession no.GQ478668.1 NT-30 ,f% LL] ﬁﬁ‘ N/A N/A
96 L Pepper necrotic spot virus (PNSV) Accession no. HES84762.1
Tomato spotted wilt virus (TSWV) Accession no. JN664252.1 NT-31 {% th Tﬁ N/A N/A
M NT-21 YN-CJ-4-Nicoltiana tabacum
M NT-18 YN-MD-1-Nicotiana tabacum NT-32 f% 1 Tﬁ N/A N/A
B NT-17 YN-LL-2-Nicotiana tabacum
B NT-14 YN-LX-1-Nicotiana tabacum NT-33 'f% [_I_] Tﬁ N/A N/A
B NT-20 YN-SM-1-Nicotiana tabacum
<5 NT=3 YN-JC-2-Nicotiana tabacum NT-34 f% 1] Tﬁ N/A HCRV
M NT-16-2T YN-LL-3-Nicotiana tabacum
B NT-13 YN-XD-1-Nicotiana tabacum NT-35 f% [_]_] ﬁj N/A N/A
M NT-11 YN-QJ-2-Nicotiana tabacum
M NT-19 YN-JC-3-Nicotiana tabacum
M NT-25 YN-JC-1-Nicotiana tabacum NT-36 1% th Tﬁ N/A N/A
M NT-23 YN-CJ-3-Nicotiana tabacum NT-37 1% T Fﬁ N/A HCRV

—
0.1

NT-38 £l T N/A N/A

2 Orthotospovirus =& N B E FF SRR G (LR Ve “NIAT FRREERIIE Orthotospovirus &

Fig. 2 Phylogenetic tree based on N gene of Orthotospoviruses Note: "N/A": no Orthotospovirus was detected.
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B415 HCRV AL IE S 98%, 2 VMR ELRE it 1) 50 55
Y1'5 TZSV ML $] 94%, 2 43R ERE 5 15 B4
5 CCSV MIMLEIES] 97%. ML al L, REGKkEH
[ 73 AT 45 B A0 RT-PCR A6 45 B AH — 3.
3 g

H 1989 AR ) M ER VL = A PN HI A6 A4 BRI
TSWV Bk P, ey 0 =5 B0 Jbm P &
B PO R B R P R PO i
Jb BUL BT PP 2% 14 AN X HRIE Orthotospovirus
JEIRE IR A, Orthotospovirus &5 1 H IR £ 6
FEIEE ., BRA. AL E@UR. PN, SSE. Wk,
&R L LG EY . M T oA A AEMERE
PEL AR R IS5 YR AL R A AR 2 IE e i B
EHERRENRLE. RERMAEED, RERD
RIE Orthotospovirus J&IREE A 12 7, HPmA 8
Fin, AR ZEREE (TSWV) P9 RANTERFEBE
FiEE (INSV) P IhEERRARBER 8 (CCSV)
TR LURE AU R (TZSV) PO S TH 21 %8 4 R B0
F (HCRV) P JEARBER 8 (GRSV) P9, #Hidl
WEEEBEEEE (Pepper chlorotic spot virus, PCSV) * Fll
PO VR G BERR 3 (WSMoV) P, it TSWV £ %
B TG L R R N, PR RO 13.11%,
= e E Orthotospovirus JEIREFMERZ . KA
Hp P 1) X 4

VTAER, MR b P8 A% 39 1) 1E 7 0 D 22 0 R
I3 B 5| AR BB 25 e 5 H R, i R 1
ZUtk. HTmmE e, M HF 5 EEm.
T2 FE AR DR S5 o) P H B, I e U R AR, R
DA Ly g % 4 A A 1) 1F 2 0k BE 25 995 75 J8 8 1507 1 4%
o AR K =B ME R Orthotospovirus J&¥9
BB T TSWV. TZSV. CCSV, & H I T HCRV,
PL X HCRV&TSWV & & 1% 4. HCRV&TSWV & &
YRS, HBUPEMEA . KRR IS .

T P09 B B dr I 32 2R A ELISA, il i 4 4
PEMRIE . HERGETE. D ArdEfb. MU AE P~ 5%, wT Ll
FH T4 00 HH 8] Orthotospovirus J& 7 7% “Me AW 58 %F
K H = FAE 10 /> 1P 7 M H ) 38 AN ME HERE AR H
ELISA Al RT-PCR VARl WM v2Aa I 45 I~ &
R 85%, K HWMET NT-11, ZL3 N NT-14, fRiT
NT-34 il NT-37 £ RT-PCR ¥l i} Orthotospovirus
J& % 8, T ELISA 75 V%% A £ W 2] Orthotospovirus
JE&EE, PIREH TR TP REERIK, SEULEST
%A KM B Orthotospovirus J&JR T

KT = E 10 AU TR 38 (3 fH =
Orthotospovirus J&IREEIHATE E. SEREY. (1)
38 U3 5EALL Orthotospovirus J& i 2 WA BEFE A 12 47
YT TSWV, (5 31.58%, TSWV 2147 4z I
TR ZE IR AR, R EEPRHERN R, A
R, L&, Mygm. HET. NS
X (2) mEMHEERIRIE 7 HCRV fEMH¥EE 1)k
A, BEAEQR T, T, R AL TSWV&HCRV
BERPEIEG; (3D A Hb X A0 AL R i g e
2-3 # Orthotospovirus J& ¥ . AN FTHkIE HCRV.
CCSV. TZSV. TSWV. TSWV&HCRV 1% 4 J}H %,
Orthotospovirus &7 #5147 G I 5 1K 5E B A B K, i
BEFR R 2, SR EE IR VA T ok — 8 IHERE
AT T = MR L Orthotospovirus Jg& i &K E
TR, R} 2 ) 5 A T 2 0 B 20 B SR B BT A
T, ORFR 2 B A AR O R g Rk R R it —
SE MBS R -
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Investigation and identification of Orthotospovirus on tobacco in Yunnan province, China

GAO Xue', WANG Sibo', LI Zhengyang’, YANG Baoju', FEI Jingiang', LIU Yating"

1 College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650201, China;
2 Map Academy of Yunnan Provincial Bureau of Surveying and Mapping Geographic Information, Kunming 650034, China

Abstract: Yunnan is one of the major areas of tobacco cultivation in China. Tobacco spot wilt diseases are becoming more and more
serious in recent years. It is important to understand the etiology, occurrence, prevalence and distribution of tobacco spot wilt diseases in
Yunnan. Since 2012, a total of 38 samples of tobacco plants suspected to be infected by Orthotospovirus were collected from 10 different
tobacco-growing areas in Yunnan province. All the samples were identified by symptom observation, ELISA and RT-PCR identification.
The results showed that 20 samples were identified to be with Orthotospovirus, including 11 samples infected with Tomato spotted wilt
virus (TSWV) , 4 samples infected with Hippeastrum chlorotic ringspot virus (HCRV), 2 samples infected with Tomato zonate spot virus

(TZSV) , 2 samples infected with Calla lily chlorotic spot virus (CCSV) , and 1 sample infected with TSWV & HCRV. This study
for the first time reports the tobacco infected with HCRV and finds the TSWV & HCRV co-infected tobacco. Identification results provide
theoretical basis for development of prevention and control measures against tobacco spot wilt diseases and are also of great significance to
ensure the sustainable and healthy development of tobacco planting in Yunnan Province.

Keywords: Orthotospovirus; tobacco; enzyme linked immunoabsorbent assay; RT-PCR; identification
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