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Occurrence and distribution of TBTV, TVDV, TBTVsatRNA and TVDVaRNA
in main tobacco planting areas of Yunnan province from 2012 to 2022
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Abstract Tobacco bush top disease (TBTD) is a dangerous disease caused by a combination of tobacco bushy top
virus (TBTV) and its satellite RNA (TBTVsatRNA), tobacco vein distorting virus (TVDV) and its associated
RNA (TVDVaRNA). TBTD has caused serious losses in the main tobacco-planting areas in Yunnan province
during the past decades. In order to track the occurrence and distribution of TBTD and its causal agents, disease
survey and virus detection were conducted in this study. The results showed that TBTD occurred sporadically
during 2012 to 2022, and no TBTD was found since 2019. TBTD causal agents mainly occurred in Chuxiong,
Baoshan and Dali, where the disease recurred several times in 1990s. TBTV, TVDV, TBTVsatRNA and
TVDVaRNA were not always detected on the same tobacco plant, and the detection rate of TBTV+TVDV -+
TBTVsatRNA+TVDVaRNA, which caused typical symptoms of TBTD. was less than 5%, TVDV showed the
highest detection rate of 30.44% ., while TBTVsatRNA had the lowest rate of 7.68%. The fact that TBTV,
TVDV, TBTVsatRNA and TVDVaRNA failed to simultancously infect the same tobacco plant may be the main
reason why tobacco bushy top disease rarely occurs at present.
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Table 1 Tobacco virus disease samples collected in seven cities/

autonomous prefectures in Yunnan province from 2012 to 2022

REEAED) GRS )

Sampling %ﬁéﬂﬂg Total sample

time Sampling area number

2012—2014 LT R R LRI 280
2015 ELHAT R AR R LT 302
2018 BT R TT AEHEM R LT REEH 226
2019 FEHEN RERM 48
2020 FEREMN AR LT R B M 82
2021 EL AT AN AR LT R 3HM 251
2022 Z N SR TN BT R RTP 322

it Total 1511
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Table 2 Detection results of TBTV, TVDV, TBTVsatRNA and TVDVaRNA in the tobacco samples collected during 2012 to 2022

. — . R/ 1y K2R/ %
FRREAEG FREHIX st b e
. . . ample etection rate
Sampling time Sampling area
number TBTV  TVDV TBTVsatRNA TVDVaRNA
2012—2014 BT EIETT MM L B 280 18. 93 76. 79 20. 00 60. 36
2015 FERA T . BT AEMEI AR LT 302 1.32  10.60 2. 65 3.97
2018 PRI RERIN AEREN BT KR 226 16.37  61.95 19.91 36. 28
2019 BRI | AE LN 48 0 10. 42 0 14. 58
2020 AR LT R FR M A T 82 3. 66 9.76 0 0
2021 AT BRI AE RN L BB T 251 5.18 23.90 2. 39 15. 14
2022 EN N NS R ARTIP N i) 322 0.31 0.31 0.31 3.11
SE¥ Average 7.74  30.44 7.68 21.32

2.2 2012 £—2022 £ TBTV.TVDV,TBTVsatRNA
#1 TVDVaRNA £/ E F 5k 8 & B
T0 A X A I & SR AT S 4 dr. R B TBTV,

TVDV, TBTVsatRNA Fl TVDVaRNA -4 i J& 7 [
— AR ] B PR — R RN 2~ 4 B A A R Y
A, A 12 PR YL kAL, TVDV, TVDVaR-
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Table 3 Detection of single and mixed infection of TBTV,
TVDV, TBTVsatRNA and TVDVaRNA during 2012 to 2022

. KR/ %
’E‘%Q&;"\Qﬂ 975 J5 Deteiion
Infection types

rate

L TVDV 8. 80

Single pathogen TVDVaRNA 1. 85

TBTVsatRNA 0. 66

TBTV 0. 46

puyil 11. 77

2 Fiig 4 e TVDV+TVDVaRNA 12. 24

Two pathogens TVDV+TBTV 1. 06

TVDV+TBTVsatRNA 1. 06

TBTV-+TVDVaRNA 0. 40

S 14.76

3FE A EYy TVDVA+TVDVaRNA+TBTVsatRNA 1. 46

Three pathogens TVDV+TBTV+TVDVaRNA 1.32

TVDV+TBTV+TBTVsatRNA 0. 46

A 3.24

4 Fh A3 A ke TVDV+TBTV+TVDVaRNA+ 404
Four pathogens TBTVsatRNA :
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TVDV + TVDVaRNA & & &Y 0 3., & &K
40. 36 % ;2015 4E L TVDV Bl ek 3, K %
6. 6206, HoA ISR A G H R IMK T 20052018 4F
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H9 8.33% ;2020 4EFEE L TVDV By h 3, H:
i 3o 8. 54 %0, HA B Y S RIKS R AT 3005
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VaRNA #h, HA g H R AE] 0. 420, TVDVaRNA
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TBTV.TVDV, TBTVsatRNA F1 TVDVaRNA 7£ 4
BB R I LB AR AR AL, SR B A
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2012-2014 2015 2018 2019 2020 2021 2022
OTVDV 16.43 6.62 11.62 2.08 8.54 12.74 0.31
OTVDVaRNA 0 0 0 6.25 0 5.98 3.11
O TBTVsatRNA 0 0 2.26 0 0 0.40 0.31
BTBTV 0 0 0 0 2.44 1.59 0.31
OTVDV+TVDVaRNA 40.36 1.32 23.00 8.33 0 5.58 0
B TVDV+TBTV 0 0 5.75 0 1.22 0.80 0
OTBTV+TVDVaRNA 0 0 0 8.33 0 0.80 0
B TVDV+TBTVsatRNA 0 0 5.75 0 0 1.20 0
OTVDV+TVDVaRNA+TBTVsatRNA 1.07 1.32 5.75 0 0 0.80 0
B TVDV+TBTV+TVDVaRNA 0 0 5.75 0 0 2.79 0
B TVDV+TBTV+TBTVsatRNA 0 0 3.10 0 0 0 0
B TVDV+TBTV+TVDVaRNA+TBTVsatRNA 18.93 1.32 1.77 0 0 0 0

B 1 2012 £—2022 £ TBTV.TVDV.TBTVsatRNA 1 TVDVaRNA £ =B HHE _ERIG H =
Fig. 1 Detection rates of TBTV,TVDV,TBTVsatRNA and TVDVaRNA on tobacco in Yunnan province from 2012 to 2022

FI TVDVaRNA AR E] . 7RO LT FAE e B
KM ] TBTV, TVDV, TBTVsatRNA 1 TVD-
VaRNA () 12 Flgye 2 7Y, 76 KB R . Bi%
TRIZLR 53 A0 2] 8 .7 B 4 PR 2 ks
AR 4y, FEME R LA X 25— B S
TN 2% AR, Hf TBTV, TVDV, TBTV-
satRNA Fl TVDVaRNA 158k 7 1% 86 31 X % 4= . H.
TR IZRE YA A B AR ER A7 IR R N 0

BRI ATRE . i FARA e A a1 R R A 2o A R DA

R

Y

TOU AL DX K SR S 12 R AR A R A il 3 A
X — B DL LN T e 2 i RE . 27 1 ik, 5
B A THR ) TBTV, TVDV, TBTVsatRNA #
TVDVaRNA 7E = 7§ 44 K &8 53 M X A 43 A H g
KM ZHE, BT EE R AT = A R LT R
] 7 I HR A L BH T BE ARG 0 2] R A IR e A
TE R TR A H 75 i P SR e S A A iy
YETT IR E R &M TBTV, TVDV, TBTVsatRNA Fl
TVDVaRNA,

£ 4 2012 £—2022 £ TBTV.TVDV . TBTVsatRNA 1 TVDVaRNA ZE=E & Mo Hmign
Table 4 Distribution of TBTV, TVDV, TBTVsatRNA and TVDVaRNA in Yunnan province from 2012 to 2022

) s Area

Tnfection type Bl EHM JOWM RO RRG wM sk

Baoshan  Chuxiong Dali Kunming Yuxi Honghe Qujing
TVDV = = = = — 4 _
TVDVaRNA = = = a4 + — _
TBTVsatRNA 4= + — e — 4L _
TBTV + + + = - — _
TVDV+TVDVaRNA == + — 4 e — _
TVDV+TBTV + + + == — = _
TBTV+TVDVaRNA + + + - — — _
TVDV+TBTVsatRNA = + - = — _ _
TVDV+TVDVaRNA+TBTVsatRNA = = + — e — _
TVDV+TBTV+TVDVaRNA + + + == — = _
TVDV+TBTV+TBTVsatRNA + A = — = — _
TVDV+TBTV+TVDVaRNA+TBTVsatRNA = = = S = — —

1) “ 73RN RSB X AT R ) — 2R MR YL 2 A AE I XA R A

“+”indicates that the infection type is detected in the area,

“—”indicates that the infection type is not detected in the area.
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LAt [ 4y 1) 05 B AL R R ARSI 2 AR
FH [ o A5 0 45 2R & B, A7 7 R A 8] TVDVaR-
NA 8§ TBTVsatRNA T & &l ) TBTV, TVDV
IR O EAS A 8 E R T TBTV 4b, Al ik
A H AR EERE PR B TBT VsatRNA FEAE Y N 217
BHMARGEH S, FER, B T TVDV il TBTV
Hb AT REIRAEAE H AW T RE P ) TVDVaRNA 7E4H
YR NHAT R GRS RO . B T AWF SO0 5 40
MR A A TBTV, TVDV, TBTVsatRNA Fl
TVDVaRNA #4740 HAth g J5470  i5k H Hi
v JCVEHER 3 R A4 H AR A A A AN 3
TVDVaRNA #% TBTVsatRNA 1 R & U 3|
TBTV.TVDV BE B0, A 5250 % A 9 R e I
AT P A R S rp s ks 1) 75 TVDV [H &g+
L8 S i B S 1 B S S S N B 1 5 (to-
bacco polerovirus 1, TPV1) FllAK B Th 4% B2 25 H- 5 B
2 5 (tobacco polerovirus 2, TPV2), ¥ i} K ik &
15. 15965 MM 2 #9851 AT REHLA DBl TVD-
VaRNA TEAEPIR N AT RGEAZ YL RE ST . i BE Y
AT B Bl 1A BETEAE AR N 2 iU I R B
B, — okt mdm LR SRS RA ——
XF I G AR S ABALAELE — o 22 19 TR AT DA s —Fh
B 22 M Bl I 58 R YDA N 0 S R A R GRS Bl Y
PG, W 5295 1 J 1 A6 2B AR 7 (groundnut ro-
sette virus, GRV) N i & H- & £ M 9% B 2 5 (pea
enation mosaic virus 2, PEMV-2) a] L) % Bl 1% 1t )
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T2 RNA g R ARG Z Y FoA 15 i
WA, E PEMV-2 it . TBTVsatRNA 1]
PATENARE_EEAT RS R L - W78 PEMV-2 Ri% L AE
PrBl TBTVsatRNA 75 40 4K 4 1 52 ] F R 52 1=
B¢, J35h.Dry il Behjatnia 5 75004 i 7545 57 P T2
B DNA 1 HAEDFFEE KR Y] DNAR TR XA i i
BEA LA HA A% LA Bl h R B (to-
mato leaf curl virus, TLCV) ) 2 &2 DNA 43T (to-
mato leaf curl virus satellite DNA, TLCV-satDNA)
BEBY 7 A Ak il M 2 (tomato yellow leaf curl vi-
rus, TYLCV) AE W A 2 4E 955 82 ( African cassava
mosaic virus, ACMV) & = E 3% gl Tk 7% (beet curly
top virus, BCTV) % B 58 By & #5020, B —Fios 25
(1) TR IEAS B 5 M L 1)l I8 s 2 () Bsf o B, 4l
A AR I A B B 52 A2

PAAE A NI 5 2019 4 BIAR XEBE A&
B, TBTV, TVDV, TBTVsatRNA F1 TVDVaRNA /)
Ao R LLE AR I AR T BB 5 0 0 T R A L
[F) it MoF 2 86 57 06 AR 8 ARV 5% 75 0 i o 55 PR ) 7 28
FERIAESE ™ 1 1993 AFRUH A TSURE 78 PR 1L X 5
RVIEe U SR AT SR S A R T DR 1L R R FRAR X
R HIRGRRI 2  hiad AR/ e A= 5w R & A
T MR NTIOR A DX AR 2 R AR B KA. 9K
T TBTV, TVDV, TBTVsatRNA Fl TVDVaRNA 3,
et REN N I IS U RN U N i L F
VLIRS R I U IR DA TR B LA S5 i
P REMX EEAMUURRT Z/. iz TBTV
1 TVDV B4) iz i) 25 338 RER G il Solanum
Lycopersicum BB Capsicum annuum .72 5. Vicia fa-
ba Wi, Pisum sativum JH3E Brassica campestris FIFg
JK Cucurbita moschata S FAEYI VL S g 3§ Solanum
nigrum 9L 5T ¥ Bidens pilosa F1 48255 2% Ageratina
adenophora 2 g2 S AN Bl TVDV I8 fE
YL LA Solanum tuberosum . —-5 Panax notogin-
seng VUGB 2 Cucurbita pepo .22 3F Chenopodium qui-
noa L. Vigna unguiculata 255270 | iR FAE
YRR RE R TBTV M TVDV [ [ A7 3=, X A
AT A AR AT T A . DRk, FRAT T4 A
B NSO S TS0 AH S S5 | S ) A AB 47
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