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Regularity of occurrence and epidemiology of tomato spotted wilt virus disease
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LI Tingting' YIN Yueyan” LAN Mei’ YUAN Qiongfen' LI Fan’ DING Ming"

(1. Yunnan Province Key Laboratory of Agricultural Biotechnology, Key Laboratory of the Southwestern Crop Gene
Resources and Germplasm Innovation, Ministry of Agriculture; Institute of Biotechnology and Germplasm
Resources, Yunnan Academy of Agricultural Sciences, Kunming 650223, Yunnan Province, China;
2. Institute of Alpine Economic Plant, Yunnan Academy of Agricultural Sciences, Lijiang 674199,
Yunnan Province, China; 3. Horticultural Research Institute, Yunnan Academy of Agricultural
Sciences, Kunming 650205, Yunnan Province, China; 4. Agricultural Technology Extension
Center of Jinning District, Kunming 650201, Yunnan Province, China; 5. The Key
Phytopathology Laboratory of Yunnan Province, Yunnan Agricultural University,

Kunming 650205, Yunnan Province, China)

Abstract: To characterize the occurrence and epidemiology of tomato spotted wilt virus (TSWV) disease
on open field conditions, the incidence of TSWYV in tomato plants and other field hosts were studied in
Kunming, Yunnan Province from 2015 to 2016, by using ELISA and RT-PCR methods. And the insect-

HEGUTH - BER AT (R B 11 (201303028)
* M {E1E4 (Author for correspondence) , E-mail: mingd73@163.com
Wk H i : 2019-06-04



340 i A7/ AR S 474

proof screens was used to reduce thrips for control TSWYV diseases. The results showed that frequent oc-

currence of TSWV diseases during March to October growing season on open filed of tomato plants and

the infected tomato seedlings at the early stages after transplanting as the primary infection source. The

key stages of TSWV diseases control were the seedling stage and the early stages after transplanting.

Other important field hosts include Compositae and Solanaceae plants. High frequencies of TSWV oc-

currence were observed in Compositae plants, i.e. Lactuca sativa, L. sativa var. angustana, Bidens bipin-

nata, Galinsoga parviflora, infected rates from 42.53% to 81.63%, followed by Solanaceae plants, Cap-

sicum annuum had the highest infected rate of 41.99%, and Solanum tuberosum had the infected rate at

27.78% and the infected rate of Solanum lycopersicum was 19.02%. Insect-proof screens could effec-

tively control thrips in the greenhouse, thereby decreasing the infected rate with 6.44 percentage point

and the disease index of TSWV diseases with 5.31 compared to check plot.
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& I BE 2295 7 Tomato spotted wilt virus Je 15 JE
WG EE H Bunyavirales F i BEZ5 0N 72 R} Tospoviridae
1F 75 5 B 25 9% B8 )& Orthotospovirus AL R Fi (Ad-
ams et al.,2017) . N BT EWFE) Iz, ARG
FASARH ERF YA 69 BT AR,
W1 090 R , fE e A KR B
J% 7% (tomato spotted wilt virus, TSWV) 5| 2 A9 % 7%
9 B AT 3 B P Dk ™ A A 10 /2,98 9T (Adkins, 2000)
S Pl 6 B A R DR I T e B
(Scholthofet al.,2011) .

HARZAMT , TSWV ] DL i i FE 2 1A
# AL RE  HATERIE A 8 Fhé] o DL Fr A 7 Xf
1% 1% 9% 7 (Pappu et al., 2009) , H: rft L P4 7E #i] £
Frankliniella occidentails 1 JJ & & Thrips tabaci )
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B B M S s BLE e R A

S, TSWV 3 i HC 7 s AR A R B A i 22 (1]
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#,1992) .= (5K AP ELAFE ,2004) | 575 (Zheng et
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PUALTEHT b X LASP ) 2= B A8 45 X8, JUHAE H AF A
FELAR | 2730 R M X A A G Sk P, HE (1] 2
TR, ORIA T R D A5

B TSR BB M H[R) 2% B I A R (Xiao
et al.,2016; Jiang et al.,2017) . FFERHIZE (2013 ) i
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EL WA TT 78k AR R A P e T e P b X R
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SRR, R R DORSERE S e R A
IR TSWV A i 78 fit B 21 5 A0 T A vt Fr 1B
PR BOR R A

A AR RNA 3 BGR7) £, 55 Invitrogen 23



21 RN R MRS T A 2o B KL AT U A B TSWV T 2297 AR ) s ) 341

Al 3 S SR F & 2K pEGM-T Easy ., T4 1% $2 1 ,
& [# Promega 2\ /) ; PCR 57 & . DL2000 Marker , K
¥R Escherichia coli DHSa B2 54000, 549 T.
T (K3 ) A PR B B M RE e DNA glifk [mSca
& RARAARH (A6 R0 A BRA 7l i R i b i
LY SR NBT/BICP & (43, 35 [E Sigma 2
] TSWV BTG BT, Wi 1T K 24 8 55 S 4R 40t
Hoaad 1R 7 o pr 4t

2% : TP350 PCRAY , 26 [ Bio-Rad 23 7 ; 5804R
RS % B0 AL, 75 [ Eppendorf 24 7] ; DYY-6C i,
AL, AT R—AE8 T
1.2 Fik
1.2.1  FHsEgm AR A LR IEe AL 7 ik

A A B BT T XL R A I R K 8
SERPAE DX, JE AR R 0, db A oA P A 3 R L
FAMAERN S FEFE X P REHLERE 5 AR H
YRR s RGEAAFE X, BRI FRZY 1000 m?s
T E R 429 2014 4E3 H 8 HAIS A 6 H LBk
#5430 em, A7 4 50 cm, [ 201443 H 8 H IF4R 14
A, B 10 diFA 1R, BRI, 84 T 191k,
K HIE RUE MR A T E TR X o s G
7l 3 000 4% , WA T inAE vk b BEZS 22 10 A 2R &
T, I R R E TR 2. [R50 <
GRARM T TAAE , A 3 JH 2 X B 4 .
K=K IR R R R < 100% ; i T FE 5= 2
(5 GRREOZIR AL/ (PR PR B I = ) <
100 o AR 9990k, Phnifih : 09 TehE:
AlE R 5 1 9% - TOUHR T A /b fa SR A B 055 3 9% - T
BT B G ) PR LB S, A I BUIRBEBE , 3504300
R B R B 5 S 9 R AR B AR,
W N S AN E I SR e S B 7
BE ;79 MR E AL, 2500 B DY AR R
O 9% A PR B RGALMT (DY, A B E RGN,
FERER Rk, EL AT
122 TSWV ¢ & %% 1 & & dot-ELISA #4-1)

TE 1.2.1 IriR il g v AR B B, A 2014 4E3 A
8 HZ20154F12 A 31 H %30 d7EIA £ &/ 5 km
BRI P R A FR AR TR A BN RN AR 1R,
PHA AN HECRAE T 199K, AR AR S8 LBk 2 AT Jlk
TSWV BLRLRER (9 e im | FH [B) A% 5 S L e
TEYHTC SRR SRR . FERAERIAT 1 8924
AR it ) P RE 5 IR B 52 R B 7 (dot enzyme linked
immunosorbent assay , dot-ELISA ) 4T TSWV A
W RO S e TR AR L 1:10~1:20 LA PBST
G MR FE SIS B 2.5 uL N B RS R LR AERE | 7]

B AR R 21 5 A 2 At Sk BRI X B, DA 24 o
TSWYV EIGEL T A B A F ok FE X B RE s R £F
YR 4, A PBST B il A9 5% IR W3 453 4 4]
W20 mL, T 37°CEA 1 hs ¥ TSWV g P A%
PRARLE 1:3 000 fim A B B Hh, 37°CoEAL 1 h;
PBST 2% il e 5 3 UK, BRI AFZARFR L 1:8 000 7
BB MR B R IO BT R IgG PR, 37 °CIEAE 1 h;
PBST 2% #h I 16 B 3 ¥k, i A NBT/BICP 2 {73 It
@, B IER B G K2k B, AR
FRLT A JIE P AS R i s R BRE S5 1) (0 C i 0 L 4
Pl RS EENEEN IS Nk ~ AN RS S o] E|
Pk, P sk B, I skl g
1.2.3 TSWV # RT-PCR 3 & 3 N B 5 5] 547
4 1.2.2 P28 dot-ELISA Kk FHE: 19 VE 9 (7
T BRBL 23 B TS R AR ) Fl e
(LT A 4G FNRRASE) 43 3l 45 B 10 453, SR Trizol
DARBUEY) S RNA I AT RO 5% o 20 pL st
A B RNA 10 uL, Fii#5 14 (5'-ATGTCTAAGGT-
TAAGCTC-3')1 uL .dNTP 1 pL . f2 %% 55/ 1 pL . 2
M SRV 4 pL RNase-free ddH,0 3 pL. S5 52
¥ :60°C S 5% 5% 1 h 4 il cDNA 55 —%% ;90°C 2 11 [z
NS mine RWVZEHF RS cDNA, T-20 CIRAFA%E Ho
M4 GenBank H i3 i TSWV 31 5T &
B TSWV N 5E PRURE S8 51 9 ( L3514« 5'-TCA-
AGCAAGTTCTGCGAGT-3'; Fii# 514 : 5'-ATGTC-
TAAGGTTAAGCTC-3") % 1.2.2 HRs: i Sy [H 4 8 A
pnEAT PCRIGIE . 5143 gt sE L (M) 52 5
BIRAT AT A . 50 pL %A % : cDNA 5 L.
RS ¥4 1 pl ., 5xPCR S W 2% Mk 10 plL .
ddH,0 33 pL. W R : 94°CHiAE M 3 min; 94 C AL
P50 s,55CIE k 50 s, 72°C HEfH 1 min, J5FF 30 ¥
72°C FHHE {1 10 min. CKf 4815 9 PCR 93 7= Py 22
1.5% S5 NE A 5 e FEL DR I , B 3 A 28 B S 1> BHV
TERE DL A T AR TRE () B0 A FRZ w14 70
J¥ o B A5 7 518 FH DNAMAN 7.0 #5473 51
PHE AL IRARME 38T o >R F MEGA 6.0 #/FLA
LRHEE XTIy BT A5 1y 4 A 2 R e A, AR 2%
53 S AT FE H Bootstrap Kl , 5 # 1 000 IR & .
1.2.4 AR B & W B & e 5L 0% 0% 09 K38 77 ok
B B 1 D) 7 42 36« (K e i i A 41
FA, FRATE T X _LaREimm gLl Pk
WIS T, B0 E 20154E3 H 8 HIERh 2R84
HITH 100 H By du 0 21, B 6 000 £, FliHL 54
6 AN A, BEANTER 1000 KR, LAAS FH B L 9] B 40 B
YERXT IR, 23 000 B, BHL Y R 3ANEE , BAER
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1000 k. &AM KM EEEF RN M. BRI, KBS R R 1 m = 38 KU A
T AR SRR, B IRIANANE LA IEE D FH 100 B B BB P R X B R 1 s T
B NG BHIMNRSERET IS, ARE  CHERE. AR HIFGREE, ki 1.2.1,
I, P 15 d S AR A TR A FEAS R 10 diA A 1
e i R W Ak 2.0, 2 AR AN
FiRh i AR FTBEHL R AE BT AL BEFI X IR AS 200 2.1 B ERSFNHERAEER
FES, LR SASASRAERRIT FIRA R VAR R EL BT 7 XAT AR AR i , R HboAR Y 32
dot-ELISA A& TSWV , B L3R [F] 1.2.2. PR 3—10 7, Horh & 1 #FE H Wi7E 3—8 1,
SERLE BT R RBEERE: T 2015466 A 1T H S5 2 #0E5—10 o 2014 4E%F 2 NS [R] 5 A I 1)
TR RN R e A F W T~8 A RS BRI T B SN A A A, & I A AR 3R
PEX IR I FR LY 600 m?, BFMHAE AT 3 000 4%, #REE Ry EAMR W ZEFE b F 24k 005t R K38 R BE (18] 1-
30 cm, ATHE R 50 cm. B RMIBFALBIS 2 NS, A BUURLRRAE R R THEE I F 3 Ak o F R0 B R
BRI LA 24K, ¥ 56 000 ¥4l BLNEREE SRS KL B4k | [R).0 B 3R BE (9 1-B)
Hio XM 5 Ab BEACHIAHSR , E A 3 000 BRANT , S5 EA AR BRI N TR A 34k sl K58 Al
PRATHE [ B7 G Ab B, A BEACH IO S s 3k RS sET- (| 1-0).

\-

E1 Ffn(A) BE(B)MEE (C) B AE M ZER Sw 0 H E R
Fig. 1 Symptom of tomato (A ), pepper (B) and lettuce (C) wilt spotted diseased samples in field

A ZE R o, BEE T e R I A B R L EIS H 6 HI ARk 6.92%, 2 6 H 19 Hi G
FERIRWITH 5, T B SR R Y R W N E A 1R R R 12.36% R T8 50 = R 12.05,
P 3 7 8 HAE A AR, B Ak & LR R MAES A 6 HE 2 il i v & & S0 MUY & g Rk
RURSRAE IR, EAEIG 10 d R B bR, R FERE, Z 51200 F A T R) 2 28k A, TR Al MR AE
0.18% W BTG 200 0.04, X FMEIH N AN B 2Rk KHEA KT 40 d W15 8 U8 L 2 X E0E K,
I ¥ A & B0 R S S AR, RIS FE G /> 8.99 P i K %) 34.93, 70 d S TR B RA E
HORE BN A s e R A BT s R 42.44(F 2) . RIAFA T TSWV
K IR EALRR LR, BRI, BEETMER A A7 R B R R ih B 2 2 10 K A
i [ f9 2 4 IR O TH 5, TR BE SR B AT Y AT RE SCHE .
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Fig. 2 The development trend of disease index of tomatoes infected by TSWV in 2014
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2.2 TSWV i dot-ELISA &N &£ R 54547

Ko &85 5 57, DA 1 892 13 Kf i FR G HE TSWV
IR FEAAFE AR RUEHEY) , % RHEY T TSWV
PRI, HH SR A48 18, TE 42.539%0~81.63% 2 [), Hirbih A2
SEFE B TSWV ARG 2 05w, 43 1035 81.63% Fil
78.02% , H AR 3% P A v e BRI 22 e B 1 B3 ih
BEZE05 5293 119734 & 9 8 48 10.00% , f /™ FE LR

KIRFAE 90.00% LA L, i K 8, 5H TSWV
A R FR S ARV & 5 SEHE Y AR B 48
FF0 , B TSWV KL H R i i, 14 41.99%, H
WON L85 2 TSWV Kt %k 27.78%, 78 % i I
TSWV BYK: 3R K 19.02% (1), sk, HEE &
PSRRI AT LA TSWV, 46 H A1,
WA R iZ A5 X N TSWV (1 32 i) 27 32

®1 ERATRMERMER ZLXEYHRT TSWV B ELISAKZER
Table 1 The results of ELISA testing TSWYV in open-field vegetable planting area of investigated sites in Kunming

PR
VR RE U R
e 5% ik Figig P FRAREL f
Host Taxonom Symptom Planting Time No. of No. of Detection
Y ymp £ samples positive rate/%
samples
i KRB R TZFIRAE Bt A3 1—12 A 196 160  81.63
Lactucasativa  Compositae/Lactuca Terminal bud necrosis, new leaves half necrosis From Jan. to Dec.
By L KRB R TUZFIRFE it e 1—I12 182 142 78.02
L. sativa var. Compositae/Lactuca Terminal bud necrosis, new leaves half necrosis From Jan. to Dec.
angustana
AT AR LR et 5—10 /1 106 62 5849
Bidens bipinnata Compositae/Bidens Mosaic leaves From May to Oct.
4 HBH A A T et 5—10 A 87 37 4253
Galinsoga Compositae/ Mosaic leaves From May to Oct.
parviflora Galinsoga
P R AU DUEFIE, Bt efl AT SRIERE, AE  RSEHRBE 2—6 H 312 131 41.99
Capsicum Solanaceae/ Terminal bud necrosis, yellowing of new From Feb. to June
annuum Capsicum leaves and necrotic spots, mosaic leaves,
fruit ring spots
TR IR 8 D255 IROE, rp it BRI LT 10 —)¥2H 36 10 2778
Solanum Solanaceae/ Terminal leaves wilted and necrotic, with dark Oct. to Feb. of the
tuberosum Solanum necrotic spots in the middle and lower leaves  following year
i TR i TEZFIRAE, B A1 CIRIERE, 460 SRIFABE 3—10 H 915 174  19.02
Lycopersicon Solanaceae/ Terminal bud necrosis, new leaves have brown From Mar. to Oct.
esculentum Lycopersicon necrotic spots, mosaic leaves, fruit ring spots
FaR IERL IR TUZFIRGE, Bt A IRPERE, R 3R A 3RBE 12 A—4EES 25 1 4.00
Apium Umbelliferae/ SASFRI B 5 Dec. to May of the
graveolens Apium Terminal bud necrosis, new leaves have following year
necrotic spots, middle and lower leaves
rings, or irregular spots
(733 SRR 4 0 = R IR 1—12.A 33 2 6.00
Rumex acetosa  Polygonaceae/Rumex Leaves have blade brown to black necrotic spots From Jan. to Dec.
A1 Total 1892 719 38.00

2.3 TSWYAREFESBY NEET R FF S
TSWV K[ 2F 343 B9 1) N 5& K RT-PCR 4" 34
ZEOL N AER N B A SR B TR R
FR A B TR B4R45- 2 750 bp A9 H BY F B, 7R 4= I
BGRRBL A 2] B 5 A B K B A R BT
R S 1y 4 BT, 5 S R A Y14 7 BEh TSWV N L[
A, 41K 777 bp, K H: 4% GenBank, i1 384373
B 1a) N AT R AR AL R 100.0% , 135 15 3
PRUTE  B 1 IM 22 SEFN RET B TSWV 0 ) N 3
FF 91 B8 565, 4 501 i GM656988 . GM656989

GM656990 MT345024 MT345025; AN[E] TSWV 4355
W) N F DR R [ IR 7E 98.49%~100.0% 22 1] , 4wty
B A& FE IR R PRVETE 99.29%~100.0% 2 A . 34 N
SRR F 5 ] MEGA 6.0 F84R 15 TSWV A ]
A EH AR IS S W R G R, R ARG
PAFH TSWV 43 B ITE RGE it Ae i B3R h—32, B
5 b [E 43 B9 (GenBank % 355 MG878875) B
3, i E TSWV 43 25 470 5 3 91 TSWV 432
Yy AT AR RIS YR, 2 B TSWV ELAT B I8 8 b del
ATFRFE , B I A 2F 5 A RFIE (81 3) .
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TSWV-DH37/tomato/Bulgaria (AJ418779)
TSWV-Chrysanthemum-16/Chrysanthemum/Venezuela (KF146700)
TSWV-Is367/tobacco/Serbia (GU369728)
TSWYV-Sr603/sweet pepper/Serbia (GU369723)
TSWV-PFR12/tomato/New Zealand (KC494503)
TSWV-SC1-NRB/tomato/South Korea (KM379142)
TSWV-LE98/Lysimachia/Germany (AJ418781)
TSWV-Pujol1 TL3/tomato/Spain (KP008131)
TSWV-1186/lettuce/Italy (GU369719)
TSWV-Miz3/eggplant/Italy (GU369720)
TSWV-T1003/tomato/Italy (GU369725)
TSWV-MAF03/pepper/New Zealand (KC494494)
TSWV-SC13/tomato/Turkey (KT192624)
TSWV-1423/Capsicum/Australia(AY879109)
98— TSWV-BR20/pepper/Brazil (DQ915948)
L TSWV-VE223/tomato/Brazil (GU369726)
TSWYV-PepCall0/pepper/Italy (MG989673)
TSWV-VE427/pepper/Spain (DQ376185)
TSWV-TwPepl/pepper/Taiwan, China (GU222651)
TSWV-L/lettuce/USA (DQ523599)

TSWV-PAO1/pepper/USA (KT160282)

TSWV-Tobacco-Tift/tobacco/USA (HQ406984)

TSWV-Tobacco-Tift/tomato/USA (HQ406983)
TSWV-Pap/Chrysanthemum/South Korea (MF326511)

95

50

64— TSWV-YNI1/Petunia hybrida/China (HM594685)
L TSWV-4/pepper/South Korea (KC261949)
TSWV-tA19/pepper/Argentina (MK524179)
TSWV-YN2/iris/China (KC294570)
TSWV-HLJ1/tomato/China (MG878875)

® TSWV-Y8/leaf lettuce/Yunnan, China (MT345024)

® TSWV-Y 1/pepper/Yunnan, China (MG656988)

o TSWV-Y3/lettuce/Yunnan, China (MG656990)

e TSWV-Y2/tomato/Yunnan, China (MG656989)

o TSWV-Y102/sticktight/Yunnan, China (MT345025)

3 EF NEREFFIABEEE TSWV RE 5B R Gt iR
Fig. 3 The phylogenetic analysis of the different TSWV isolates based on N gene
P NG I SO T3 20 B 40 B 28 T ORIR SR 5 ) o RSP IE e B M ASHIF I € F# 51 .- The description is repre-

sented as the isolate/host/origin (accession number). The black dot indicates the sequence obtained in this study.

2.4 BN ERHERSHOGEIER

2% AR IR XK TSWV PR Ak bk 16k, 46
N 5.00% , 7 KU R IXORKE H TSWV, 20154F
(1) R GE A S5 5 o, Byt ) B XD 4R &
0,35/ 1 IR I 1) ey J R 3-AN R 1.69% , T 1
M 1,505 11028 O HE X RIUR R %R 2.14% , i e

—o XM CK —= b3 Treatment

9 1 r25
< 81 I
S 7 F20 5
o &8
= 6 N O
S < | 15 4 &
5 5 @E
5 o
" 10 B g
B3 Ead
{Ez_ o
& R
l_
0_

T T T T T T 0
6-11 6-23 7-02 7-13 7-23 8-07 8-20

1 YR 8 A B 7 22 0 6 R 995 17 8 003 1 R 8.13% F1I
6.81 (&l 4) ., FHALE X FAMBEZ T H AR LW
ST LIS H o R DX 7 Y R SR A R AT
T 64404315 RIS R BRAR T 5.31, FRBH B H M
Ab T 55 X6} B ] 3 5 DR T A A G R 25
Uil EP SINTE Y G o

—a— P8 FE Average temperature

8- - 25
5 7.
E 6 20 £
2 £E
3 51 15 i &
A 41 B 5
& 3- F10 B o
=2 g
L ) >
& 1 =
O' T T T

6-11 6-23 7-02 7-13 7-23 8-07 8-20

H# (H-H) Date (month-day)

El4 2015 F HE BABRRTSWY B ERERREEBELES
Fig. 4 The development trend of incidence and disease index of tomatoes infected by TSWV on field in 2015
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1 T2 P 48 R A3 N T E A E e A i
HOBZN T I LR IR ¥ Ok O N EE N i)
BEZ i B R AR IR 2 A X %K
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