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Abstract: In order to explore the variationsinthe readthrough protein gene (#¢p gene) sequence-
samong isolates of tobacco vein distorting virus (TVDV) collected at different times and from
various regions of Yunnan Province, and analyze the factors contributing to the recent decelera-
tion of tobacco bush top diseasein the field, the 7£p gene sequences of TVDV was cloned and an-
alyzed from the diseased tobacco samples collected from Chuxiong, Dali, Baoshan and Hong-
heAutonomous Prefectures/City in Yunnan Province from 2020 to 2022. The rtp gene se-
quences of seven different TVDYV isolates were obtained, all of them were 2 172 nucleotide (nt)
in length, consisting of a 618-ntcp gene and 1 554-ntrtd domain. Consequently, the TVDV RTP
protein has a total of 722 amino acids (aa), comprising 205 aa of CP protein and 517 aa of RTD.
Multiple alignment analysis results showed that the nt sequence identities of the cp genebe-
tween the seven TVDYV isolates obtained in this study and the TVDV isolates registered in Gen-
Bank were 98.71% ~100%. Similarly, the aa sequence identities of the CP protein among differ-
ent TVDV isolates were 98.05% ~100% , with four aavariations. The nt sequence identities of
the rtddomain between the seven TVDYV isolates obtained in this study and the TVDV isolates
derived fromGenBankranged from 96.68% to 99.81%. Likewise, the aa sequence identities of
their RTD domain were 96.52% ~100% , with thirty-nine aa differences. The variation of rzp
gene in these TVDV isolates may affect the efficiency of aphid transmission of TVDV, and thus
affect the occurrence and prevalence of tobacco bush top disease in the field.

Key words: tobacco vein distorting virus; tobacco bushy top disease; readthrough protein; mo-

lecular variation; aphid transmission

I 35 kiR 7 (Tobacco vein distorting virus, TVDV) J& 5| HH 5 A TRIK B9 3 B8 R ¥ =2
—U L R BT AR, R R Y A R T T R, D R A THU 5 (Tobacco
bushy top virus, TBTV)™, fHF AT 5 DA RNA(Tobacco bushy top virus satellite RNA,
TBT VsatRNA) A4 w5 1 ik % 75 £ B RNA (Tobacco vein distorting virus associated RNA,
TVDVaRNA) " I [ (2 e 5] b (0 FE TR o ACLE 4 ol S 4 1) I A7 6 1 4 2 I B 400 200 A T
i ML AR AE P L AT 1993 4R 1 IKAE = B A PRI T R AR 2R . B S & A b 2
LR EREA R REINFIEREN , SR E& . 20, 50 STl Y BUR AN b &
VLA Cr D)t A7 8 5 N TOUG 2 B2 O 2B i i . 03 2001 4F, R N0 76 2= g 3R T 0 Tl ARGk
51 300 hm®, HH1 8 700 hm® MYMHE i, BIRLTEHIK H3k 2.1 4270 HIE 4R 0 55 A THU
9 5 A= AR BT D ELAR SR i S T A A R DA T S AR W RO SR A AT L 3. TVDV 2
U v A% 4% R R N TOURG 1 DG B PR 70, R Dl B A 3 el D A R AT 0 AL

TVDV J& F 54 B35 MK 52 J8 785 8 (Polerovirus) » TVDV J& K 4y B AR 28 PR IE X 5%
RNA 5 # (+ssRNA) , 21 5 920 nt'"’. TVDV MR AL 40 7 4 ORFs, i, ORF3 4
i 22.4 kDa 9B, MK EE 4058 & 1 (Coat Protein, CP); ORF5 #f & i 332 18 (Readthrough
Domain, RTD), 5§ ORF3 [ £ 1k % % 7 M1 & 2 ) ORF3-RTD #Y % #% HE . Fi #% K/
79.3 kDafy i 332 % H (Read through protein, RTP)M!, D84 3 4155 245 J&@ 5 5 10 CP B W 1)
[P, RTD 2 [ 48 N iR sy ORI C i i A48 X, Al A48 X )3 51 22 S KDY . TVDV 3 iod 57
HORAHE AR 1G58 L (0 7 s HEATAG 3 . AN BEE k TE LR G s R A M 18 o i A B, W
G BB H A P T T M VAR U T 5 A REDUR R AT A% 1 L d A A B A A 2R A S A AR e AL
HIHEAT AR TVDV F 2T RTP 585 RARSC R A9 R 5050 247 4% 55 A7 BF 7 3 32 Xk [F]
J& W) 22 7 77 35405 7 (Beet western yellows virus, BWYV)CP & A TR N £ 16 . AR
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BRI AR I & B, BWYV A iF CP & H A 5 00 M A i ndk B 28 1 i A B
B, BEEA CP J e 5 2 B BRI B . 34k, ZEXF BWYV 5 5 JREF 4% 35 1695 5 (Cu-
curbit aphid-borne yellows virus, CABYV)RTD X [ & # 5% b & B, RTD X 7E %f 47 1 Jig 18
19 4R A AP 3 % e 7 9 B A T VAR MR 5 B R e PEAE YL DL AR R ] S R
M B2 & 7 RTP 1Y CP il RTD %32 & s 5 W 28 5 4% 75 B L i) B B e A A R0 A 1 B B 22
B, HAWRERY, SRFEEWREEMNEN RTD R XES 5 THBEAMEY @ ETHE
MR LR BT, SRS R B TR RTP (3 CP A1 RTD) X5 A 58 5L 75 %t
YR D G BB RAGHBEA T EEMERN. A5 ESy Mo AFRFEG KA =
FA AN X TVDV 530 B rep BB TR 7 510 S H 4 B 7 ) 19 28 3 IR T 9 o 4R 11 AS [
TVDV 43 & ¥y 1) 7228 S R P X AR e dl ) Fn B SR A IR AL 6 09 52 e, S TVDV [ By 455 4 it i 2 2
%, [} It w] ik — 25 S By 36 RN TOOR A9 AR 3RS 2%

1 #MREAE
1.1 #&EkR

2020—2022 4F, M\ =BEA IR o 28 HEMN . TR DL Kz 21 7] M S5 42 1) 0 B35 B RE 5 (36 D).
% RT-PCR il 5, B4 X &P — & TVDV BYMHEEE S 34T TVDV rep 2R FH) P 3G
FF 51 43t

F1 EREEX

2 5 SR 412 b SR A 15[ FE i = /A
20YCX FE eI A e 2020 4 6 H 8
21YCX T T N R T 2021 4 6 H 22

20YDLWS peL Pk ITR=Y 2020 4E 6 H 8
21YDLWS p LT E BITEES 2021 4 6 H 22
20YLY P 1L 71 B X 2020 4F 6 A 50
21YLY £ LT R BE X 2021 4F 6 H 26
22YLX 21 30] 35 P B 2022 4E 7 A 42

1.2 WHEHSKSZBNER

FIH CTAB B 42 UM AL 5 0 SR . FRIBURE S i R 0.1 g ST R 1.2 mL & 2% %1
B CTAB Z il , T il & 8BS AP RS st 4 I . B F 65 C KRB 4R TR 50 min;
4 °C, 12 000 rpm &> 10 min, P EEWZHH 1.5 mL B.08 %, A ERB A5/ 57 B
(24 + 1)y AWHBIRET; 4 °Cy 12 000 rpm &L 10 min, F8 FHREFE 1.5 mL .08 FIf
IMAT SN BE RV « RNEE=1: 0.7, EBEER, EHACE 10 min; 4 °C, 12 000 rpm
L 15 min, EF LI, TUIEMA LB 75% L FE 500 pl, 12 000 rpm B0 10 min, £F L,
FIT AR T 15 ming FFERUIE TS, A 30 pL ddH, O J5JF & F K I 30 min #4778
Oy, PRBUNAZ IR AT T — 20 CUKAH . HFIREiA 5.
1.3 5|#igit

i NCBI %4l % v TVDV-YKMPL 43 B9 C& 555 . MW57956 D ()7 81, it 3 TVDV
rep FEHIEIH (K 2), rep LK 2 712 nt, LEIFT 3 %3185 8 3 D BHEATY 4, rop
HE 15 rep B2 ZMAIH 120 nt NESBIX, rip WEE2 5 rep B3 ZMAIAH 57 nt EHESIX.
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1.4 RT-PCR ¥ 1%

FLHE SRR ZR (10 pl) AL 4G : BEMRZRR 2 L, BS54 1 pL, ddH, O 3 pL, 70 ‘CZE4E10 min,
K B2 2 min J5, MMABH 5 X M-MLV Buffer 2 pl.. dNTP mixture(10 mmol/L) fil RNase
M-MLV(RNaseH-, 200 U/pul) £ 0.5 pL, ddH,O 1 pL, 42 CA£iE 60 min, F 70 C R
15 min.

PCR §" 8K 2 (10 uL): Taq mix 5 pl., ddH, O 3.6 pL, 5530 FF 519 (£ 2)40.2 pl,
¢DNA 1 pL. #H4F: 94 °C 5 min; 94 °C 30 s, M4 2 th o[ Hraf B A9 IE SR BB k30 s,
72 °C 1 min, JH¥ 35 ¥K; 72 °C 10 min. PCR 4" 347 ¥ 28 1 06 B R WHEE S v TR 0 -4 BRI SR 45

K2 ¥ TVDV rp EEWSIHET

FR B (5" —3") Jr B BE /bp BKREE/TC
TVDVrepl dF GCCCACGTTAGAGCTATTGT 689 55
TVDVrepl dR GTGTGGGTTGAGGTTGAGGT
TVDVrtp2 dF ACGGAACAAAAGGTGTTGCC 801 56
TVDVrtp2 dR ATCTCCTTTCTCTCCTCGCC
TVDVrtp3 dF TAGATGAGCACCTTGAGGGT 925 55
TVDVrep3 dR TTGGAGTTCAGTGTGCTCGT

1.5 SEEMNF

2 BRE e Il A 390 & U I 13 i A A A IR A WD 2l 4k PCR 729, [l B 09 R By 5 4%
K pMDI19-T 45, JEAT0r T 3ebe . RN R (10 pL) : Solution [ 5 pL, ™ H) 4.5 pl,
pMD19-T Vector 0.5 pL, B F 16 Cib % [ . B 3% 3 7= W % AL 3 K FF B DHb5a iz &,
37 CH SR PRI TR 5 78 & Hi A (100 pg/mL 2R H R RO M LB AR 855, WiRs
PCR 5 5 16 B4 5 B 1 47 I 20 . 00 e 445 SR 4 52 NCBI %1 B2 ¥l %2 75 47 BLAST (http:
//www.ncbi.nlm.nih.gov/BLAST/) 31 Ht Xt 43 4.
1.6 FEEBEHBHESSH

I DNASTAR lasergene #4 X 3545 1) TVDV rep FEK % 4 BOF S #EAT MM PEE, 15
2 TVDV 8 rep FH L KFES, 3845 74 TVDV 3B rep FEPFFES. GenBank 535 5
BB M TVDV cp HRFILH 74, TVDV rid X3 4 4~ 3. FIFHLLEARTE TVDV 2 B 913t
GEZNZIESSE 28

%R 3 GenBank #iEE®H TVDV cp EEM rid REHER

E FNE X5 (cp) HAH XS CP) BN R T Ged) EHE XS (RTD)
Longlin EF529624 ABV01913 EF529624 ABV01915
Baoshan AF402621 AAMI12154.2 — —
YBSEA MG674186 AXN72344 — —

BSh4 AJ704819 CAG28953 — —

YBSh MW579560 UKD40734 MW579560 UKD40734
YKMPL MW579561 UKD40738 MW579561 UKD40738

YK2 OMO062616 UZQ18742 OMO062616 UZQ18742

e RN KRB R ZERNTEN.
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2 GRE5SMH

21 AETVDV R EY rep BEEHT EBREFIDH

L 2020—2022 4E M\ 25 g 8 A . B L A LR 21 90 SR A 0 R 0 A A O bR, SR EBURE
MR G H RT-PCR £ A K 40 5 dr TVDV YRG5 B, SR 5 & A IX 1 8 — 4 %
TVDV B FFE G AT TVDV rep BRI F A Y 1S, 4 TVDV 1Y rep K53 34 7 Beilb 747
W, PCR =47 10 BF AR MEBERS LUK, AT UL 3 25 A A BE 4 S e 3847 . 4533 TVDV rep
FBE 1. rip WEC2 B rep FEE 34351290 600 bp. 800 bp 1 900 bp My 4 44 (& 1. ¥ HIW
Sttt AT HEI I I L 43T S e O O B 0 BE M B BE 2% Uk T AE A BR S /I HEAT I, I B
130907 51 DNASTAR #RAFHEAT 5 50 DEEE R oA, S 450 A B0k [ 28 i . RS AN AR 1L Je &t
TR 74 TVDV 2B W rep HEWAKFES ., KEY R 2172 nt, Hrh cp R KE R
618 nt. rtd KK R 1554 nt; KA TVDV 4 B¥ ¥ fe g% IE# 1 TVDV RTP &1, ¥ H
722 NEFERA N, b CP AW 205 NMEAERA M, RTD B 517 N FER A K. ¥ TVDV
RIE G B rep FEF I AL E GenBank B4l 5 . RIS 6] 40 B 90 0 3L PR S5 (G D).

2000 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

M: DL 2000 marker, Jkili 1~3: TVDV RF4F 88 rep Fr B 1 WP #5507, JkiE 4~6: TVDV
NFEEY rep W B2 WP HEAHE, WKl 7~8. TVDV RFEEY rep K BE 3 BIP 8545,
B1 F5aMEHERE TVDV rip AR EE KA

K4 EHARRKEBHAE TVDV R EY rep BEERFINERES

P2 FEHBE RS Gep) o
20YCX OR187357 HE M 28 i T
21YCX OR187358 R e M A If T

20YDLWS OR187359 R A 1L
21YDLWS OR187360 K108
20YLY OR187361 P LU T B B X
21YLY OR187362 £ 1l T B B X
22YLX OR187363 EARCIDY MNT=Y

22 AETVDVHBEYN p EEREBFIREESHEERFS —HK

R VAR T RGR, BT SR TVDV ARIE G e rep B BOLH A cp BRI red XL
FIATRAY s 20 BT 90 A3 A H4k48 7 4 TVDV 208 % cp JEPHFEF] . T 3 H il GenBank %t
it BB I 8 A~ TVDV 43 B W) cp BT F, #FAMHFRIK 740 TVDV 5388 cp BEWF
4L 15 4~ TVDV 53 B cp FR TSI, #7 Z T X, X4 TVDV 538 W 10 cp FEH Y
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618 MR HFMRA M. W& REB/xR, RE TVDV 5 EY cp 3N KR IF I — 2t N
98.71% ~100% (F& 5, £7 L), Ho AP FRRA R A 2021 4R HE. £ 0 AR 40 25 1)
21YCX, 21YLY. 21YDLWS 53k H GenBank H % 5& B ££ 1 AT B4 2% YBSEA . YK2 9 ¢p
HHERZFRIFH)E 42— ok HRBEA 2 EY 20YDLWS 53k B WM 1953259 22YLX 1 cp %
DR A A R 7 51— 25 2020 4Rk H 28 HERAR LAY 20 B4 20YCX, 20YLY 5 GenBank H % 5 iy H:
fls TVDV 5389 cp FEHNBATRRTF 5 AFTEZ . B 15 4 TVDV 53300 cp FEPIHE S 0 AH N
EFERIT Y], RIX L TVDV 4 &Y CP EEH Y& A 205 MR, 2 E)7 5 RS i 45
REIR, AF TVDV 48491 CP # H 2 5L/ 7 41 — Bk 98.05% ~100% (£ 5, &£ ),
BONRSE . REB B ERA 2 5. Hd GenBank H % 5% 192k [ 45 1LY 43 854 Longlin iy CP
AN EEERR P9 5 H AL Y AT 2 57, SAU RS Rk B 2020 48 09 4 it 5> &5 )
20YCX Z 5k, BfIZEM CP & M M &L 1R 7 51— 20k 98.05%.

x5 AR TVDV S EY p BEAREFRFIREESHEIERFI —BEENER %
Jhy 20YCX* 21YCX* 20YDLWS* 21YDLWS* 20YLY* 21YLY* 22YLX" Longlin Baoshan YBSEA BSh4 YBSh MiDu YKMPL YK2
20YCX® 99.84 99.51 99.84 99.68  99.84  99.51  98.71  99.51  99.84 99.19 99.51 99.68 99.51 99.84
21YCX* 99.51 99.68 100 99.84 100 99.68  98.87  99.68 100 99.35  99.68 99.84  99.68 100
20YDLWS* 99.02  99.51 99.68 99.51  99.68 100 99.19  99.68  99.68 99.35 99.68 99.84 99.68 99.68
21YDLWS* 99.51 100 99.51 99.84 100 99.68  98.87  99.68 100 99.35  99.68 99.84 99.68 100
20YLY*  99.51 100 99.51 100 99.84 9951  98.71  99.51  99.84 99.19 99.51 99.68 99.51 99.84
21YLY"  99.51 100 99.51 100 100 99.68  98.87  99.68 100 99.35  99.68 99.84 99.68 100
22YLX* 99.02  99.51 100 99.51 99.51  99.51 99.19  99.68  99.68 99.35 99.68 99.84 99.68 99.68
Longlin ~ 98.05  98.54 99.02 98.54 98.54  98.54  99.02 98.87  98.87 98.87 98.87 99.03 98.87 98.87
Baoshan ~ 99.51 100 99.51 100 100 100 99.51  98.54 99.68  99.35 99.68 99.84 99.68 99.68
YBSEA  99.51 100 99.51 100 100 100 99.51  98.54 100 99.35  99.68 99.84  99.68 100
BShd 99.51  99.51 100 99.51 99.51  99.51 100 99.02  99.51  99.51 99.35  99.51  99.35 99.35
YBSh 99.51 100 99.51 100 100 100 99.51  98.54 100 100 99.51 99.84 100 99.51
MiDu 100 100 99.51 100 100 100 99.51  98.54 100 100 99.51 100 99.84 99.84
YKMPL ~ 99.51 100 99.51 100 100 100 99.51  98.54 100 100 99.51 100 98.54 99.68
YK2 99.51 100 99.51 100 100 100 99.51  98.54 100 100 99.51 100 100 100

T a WABIIEY WA B Y. Fmd EI7 IR WARE TVDV 238 cp FENBHBRIF S — ik e X 4550, R AE T I
BN TVDV 48 B4 CP & 12 IR F 5 — Bobk: Lo X 45 5.

HHRE TVDV 438919 CP 2 2 LM 3E1T 7 5 Lt . & EASTR] 43 25 9 AN AEAE 4
NEIERI S, RIS 6 A0, 5 AL 7. 55 55 LRSS 145 A & iR, Hrpok EM%IMJ\ |
Longlin i CP & 45 6 (i &L N EA IR (A) . HARD B Y E LR N HER (V)5 4 41 1
FAERR I 25 5ok A AR 143 5 Longlin 5 HAB 73 259, Longlin 43 B W55 41 i 2 H 2 X, AP
RHfE, M HAL TVDV 43 8 9 19 &0 5 R R &R (R) 5 A BIF 58 3 A5 19 K BILF £ 3] 43 55 4
20YDLWS, 22YLX K& GenBank H & & 3 W F- 153 B9 Longlin Fl BSh4 () CP & H 4 55 1 &
B T AR (G s HAB /B Y H) R O 22 &R (S) 5 AWk 4G iR b 20YCX 73 8§91y CP
S 145 AL R 2 I 2R (P) , oAb 23 B Wy i 2 3 R hy 52 2 e (L) (&1 2).
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HHFH
20YLY
20YLY
20YCX
21YCX
20YDLWS
21YDLWS
2YLX
Longlin
BaoShan
YBSEA
BSh4
YBSh
MiDu
YKMPL
YK2

L. & =® /]|
MNTGGVRSNNGNGGSRVSRPRRRARSVRPVVVVAPPRGARRRTRRRRNGGRNRRSRNGVGGRSSNSETFIFNKDSIKDSS

A2 FRF TVDV 5 &4 CP Za®fihmirsl % EssgR

23 AE TVDV S BEHUM rnd REZFBRFIREESHEERF T — it

AWFFILRAT 7 A TVDV 538 red XJFF), T 8 H H GenBank B4l 22 b A% 5719 4 4
TVDV &Y red KXIFS1. 11 A TVDV 22 &Y red K HFTRIF . BEAT 2 5P 1 L, i 2t
TVDV 5B red X¥ 1554 DREFRRA M, WXER BN, NEITEYH rid AT RRIT
H BN 96.68%~99.81% (K 6. 47 L), BTG 3B rid Bt BRIV VA1 2 57, 2%
St KA ok A ZEMER) 72 B W) 21YCX 5ok A R I 22 B9 Longlin, ENTZ A red XA
BRI 51 — AL 96,6800 5 22 S dm /N ok AR MERY 20 4 20YCX SR H RT3 B9
YK2. #5711 4 TVDV 5B red XA IR Y 514 5 HhAH L A9 SRR 7 51,k IR G 28 45
B RTD A& A 517 DR . ZHFH 4R 2o, A EYn RTD H A A
LR P51 —F M N 96.52% ~100% (F 6, Z£ F) . KB4 TVDV 2B 1a] ) RTD & H i & 3%
MR P HNAFAE 22 5, HopoR AR LA 4 B 9 YBSh 5ok [ WA B9 B9 YKMPL 2 [ iy RTD &

H 2SR 7 ) 58 2 —80, Hor TVDV #5085 ¥) RTD 8 H 8 & 5L 1R PP 51 K47 18 25 5.

R6 AR TVDV B rd ERFBRFIREHESHEERRF 7 — Bt %
TVDV .

Y 20YCX"  21YCX* 20YDLWS'21YDLWS* 20YLY" 21YLY® 22YLX* Longlin  YBSh YKMPL YK2
20YCX® 99.23 99.55 99.49 99.49 99.42  98.39  97.49  98.46  98.39 99.81
21YCX® 98.26 98.20 98.13 98.97 99.29  97.88  96.68  97.94  97.88 99.29
20YDLWS* 98.84 97.87 99.42 99.29 99.23  98.46  97.30  98.26  98.20 99.61
21YDLWS® 99.51 98.07 98.65 99.23 99.16  98.13  97.23  98.20  98.13 99.55
20YLY" 99.51 97.79 98.07 98.26 99.16  98.13  97.23  98.20  98.13 99.55
21YLY® 99.51 98.65 98.45 98.65 98.07 98.07  97.17  98.13  98.07 99.29
22YLX" 98.45 97.10 98.45 97.87 97.29 97.68 97.75  97.94  97.88 98.46
Longlin 97.49 96.52 97.10 97.29 96.71 97.10  97.68 97.55  97.49 97.55
YBSh 98.65 97.68 98.26 98.45 98.07 98.84  98.45  98.07 99.94 98.52
YKMPL 99.15 97.68 98.26 98.45 97.87 98.26  98.45  98.07 100 98.46

YK2 99.42 98.45 99.03 99.23 97.68 99.03  98.26  97.68  98.84  98.84

F:a NARTFEY TS EY. KA L7 REIE AN ARF TVDV 288 rid REEAFTR TS —BOME ot 4551, Jets 25 97 i3

AR TVDV 43 89 RTD 3 1 Z AR ¥ 51— Bobk o 4528

$ TVDV A EY I RTD X AR T 5317 X, ZBOAE TVDV 48 91 )7 51
B FETE 39 MEIERINESE . RTD R5F X (aal ~260)fF1E 11 MR E T, 48R 42 .
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44 f7, 63 i, 64 57, 88 fii 153 fir. 173 fii, 216 fii, 248 i , 258 AL Fl 260 i & KWL, RTD n] 48
X (aa261~517)FFAE 27 MR BRI 22 5, 43 W5 261 £, 270 fii. 271 i 287 fii, 291 fi,
297 fi7. 298 fii. 302 fii, 304 fii. 313 fii. 337 fii. 342 fii. 356 fii. 360 fii. 372 fii. 379 fii .
390 i, 432 i, 446 i, 463 fii . 465 fii, 472 fir . 499 fii . 503 fii . 504 fii . 508 i Fll 515 fi % &
iz (3>, Hrf, TVDV RS 8% RTD fR5F XA 11 A2 LR 79 28 5 HAR T . AWFE 3k
FHIRERE S B 20YCX B RTD JF 9155 42 i & B R R H &M (G), HAR 7 B LR h
BRI (E) ; ARFFTIHRAAKILMLM 24 20YDLWS, 22YLX i RTD P85 44 {7 & F R
K HER(G) s HARDEY I REARR (D) ; ARAF5EHKAM KIS 5% 21YDLWS [ RTD J7 4
55 63 AR A H AR (G, HRSEYMEILRY WA AR (E) s A5 R R 5
20YCX 19 RTD J¥ %55 64 fi & 58 Ry KA Z R (D), H A 4r B W) 9 2 1R 3 o R A BEfk (ND
AW FEARATF R R PR 7 B3 21 YDLWS 1Y RTD J7 9126 88 S 2 AL 52 & R (L), Hom W)
GRS AR AR (F) 5 M55 153 AL A2 JE 1R 22 7 4 ok A O LU 1Y 73 B84 Longlin 5 H At 73 &5
Yz EE 2S5, FEER ., Longlin 4B 5 153 iy & IEM N XCRIE#E), i HAL TVDV 435
Yy s B R A E N (Q) s ABFSE ARG I RE M43 254 21YCX () RTD P85 173 [ s 5
AR (H, HRSEYNE LR AR R (R A58 3k 18 19 K 31200 19 5 2 9
20YDLWS, 22YLX i RTD J¥ 445 216 {37 24 3 B8 Ry #2002 (V) , HAR 53 B 1 2 L e 35 o W
R (M) 3 AWFFERAF IR ILT B4 20YLY 19 RTD J¥ 5146 248 &M M2 &R (L), HA
ST E SRR O AR (HD 5 AW 5T 3R 15 0 203 20 854 22YLX ) TVDV [ RTD JF 415
258 N AR Ry 5L AR (L) HAR T B W0 Z MR Y N I 2R (P) s A HF S AR5 L0 1Y 43 25 )
22YLX 52k AR ILAY 5 B9 Longlin 1 RTD ¥ 4155 260 i & FE R 2 2R (L), KRG EY
(AR NI ZE R (P). TVDV RFEZFE 4 RTD Al A8 [X 1Y 5 41 22 S8 AR . BAR LA 3.
M LR AT AL, ARBFSEIREE TVDV 4 B ¥5 GenBank 1 55 TVDV 4 # ¥ ) RTD X 15
KA TRZAS, Hd RTD FRARSFIX KA T 11 A& MR 225, HJE B Fn A iE 8 X s
FERR A 5 5 TVDV 0 B0 4 Gt A28 5 B A% 55 T 5C &

AT NAVPMYYFNVPKGTWSVDISCEGYQPTSSTTDPNRGRSDGLIAYSNSDSDYWNVGEADGVKISNLRNDNTYRQGHPDLETI
20 100 110 120 130 140 150 160

20YLY
21YLY
20YCX
21YCX
20YDLWS
21YDLWS
22YLX
Longlin
YBSh
YKMPL
YK2

VT VYV VDUV UV UVUUVUVU U

P
P
P
P
P
P
P
P
P
P
P

)
® YV V0V VVYVTOV YOV UV
N N BN B BN R )

B3 RAE TVDV 5> &4 RTDHBRTRGALRF7 % Fruxrs R

3 itig

T 2RI 58735 7 M 0 T VP 2 0 B T R R A T R R S R P 7
{75 5 T Lo 356 538 o 0 1 AR IR 5 AL T B B L S R 0 R R 5 AT B I A R 2% 1 L
2 R M R L RO Rk B A% PF L 3R BE IR 2 % 1B 4 A VR B AT RE Y R T 19 4 8
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TVDV kA4 FASMIER TG R T TVDV ¥4 T Z B35 W B, G823 5 (Nicotiana
tabacum) . i (Lycopersiconesculentum) . HAM(Capsicum annuum) . i 5 (Pisum sativum) .
=t (Panaxnotoginseng ) M3 3% (Brassica cam pestris) %5 2 B VE Y LA K & 3% (Solanum nig-
rum) . VR (Bidens pilosa) T4 25 7% 22 (Eupatorium adenophorum )% 2 52050 Jp AN RIAEY)
0] 52 MUY, T 51 &4y FAE S, 540, TVDV J& i i b A7 5 5% . A KA RNA W% & 78
L) B B2 (R 3R . B 5% 3R WA 2 0 i B SR A IRAB R I, A B HUIR Y N 2 A% 1 ) W] Be AT 4
KA S KRG S 80K B (Rice stripe virus, RSV) 37 K i X B 13~17 nt A IE {76/ /K B o
A, ETE EAY OB W B OV AE M e e BE 2 50 A R O 8 Ak th 9% B (Tomato
yellow leaf curl virus, TYLCV)ZE it bk AR FEA e - (HAE B A A (R 8 il rb i A8 S5 02 BH B
(s FLIZS B 76 A [F)E 9 B) 22 0 8 B A% 2 I 28 28 T 2000,

A 00 B A 3 I AN [ 1Y) PR 25 0 e 23 R A ik R RO 7 A5 i A8 Ak, TR, o9 7 19 8 S R s
1 2 B S 8 3 A7 AR 100 A S R B 1 A0 5T 2R 15 2 2 b i) R B R RTRE IR 1) 7 R
YIAH &, 4H B AL 9% 5 (Tobacco mosaic virus, TMV) | 8 JR A M % B (Cucumber mosaic virus,
CMV) Fl 5544 25 X 9% 8 (Potato virus X, PVXO WA EE AIESOR TR EZ/EMN, £ 20 a3t
2 1) B8 SR RE 5 ) R A7 S AE W E IR I A8 Ak A S B 1 A1 58 B 1 43 5 W HE 48 B R A IR 1 A%
&, DAY 8RR 8 (Potyvirus) 1, — A8 FE R 119 2 3l 25 52 i) S A IR A% 4 o 520
G4, ThER G R T RO Y RTP Bl S5 M C o 23 BRI #3188 e 90 2 30, X ml ek
I N 2955 7 4 B 0 B A e T AL

VEAR MR N TOUIG 7E 2= R 1Y & AR DR R R IBAIR AR . — D7 T A5 £ T X0 A% 40 A 1A 357 ok i 2%
HBES, B HE RS HREY N T ESAC. TVDV EARRETH op HHLERFF
BTG IE R Pr B TBTV #E 47 B f£00, TVDV Bl Je Al 9 AR 6 F 5 H Ao 8 19 & A 12 gL i
T BRI BES . 3K R BRI AR A R A TR A FH R A R U Y R 2 — . R AT
WG EEARGE LR . T TVDV ORI B 4G 0 20 54 . FATATAF s e 7 TVDV 5
iF iy A% 5 AR OC Y 2R D AR SE L (CPY ALE B A 1 (RTPOYS L AW 3 X 2020—2022 42k H
ZE AR X HE - TVDV [ rep FEFFF AT 81, &3 TVDV A E 2 B9 E 1 CP & A
(22 FAL 4 D IEMR. Brault 0 (BFSE R BWYV /Y CP & (45 70 o7 24 35 MR (Y B — 7 45 &
AERAR (S-A) BT S i i s A AL FR AR L I TVDV [ CP 8 A5 55 1 & 3R 1Y 848 (S-G)
Xof T 05 H A AL 4G T RE A AEAE B2 M. Sl 3 20 A TVDV AR89 RTD X5, &k B[R 43 85 9
FIETR T A T L. Brault U BFSEE B BWYV [ RTD A 7ES 59 @R L ERE R
(D-E), 25 f bt i 35 A3 #:0 TVDVRTD & 4 44 7 2 5 19 2872 (D-G) % T 5
B LG AT BB AEAE R . ANad, ARAFIE R B X2E TVDV 40 B %) CP Ml RTD & 3 MR & 4 11
RAE, JE 5 TVDV B0 M A B AL 3964 ¢, 575 238 i XX 28 TVDVRTP %8 48 4k i 17 30w
PR A% 5 30 R R B E.

4 Zig

A X 20202022 4K H = B A FEMEM . REEIN . PR T S 20 AR E BN [R] TVDV 43
B rep SER AN HEAT 0T, RIEFE R Z AR K TVDV rep SRR AT — & B
(AR S, X462 S A TR TVDV B0 M S W A% 36 A G, 1E 17 52 ) AR 55 A T35 8 F (8] 1)
KA, BTSRRI, BFSELE RO TVDV B CP Ml RTD & I W e o8 S 43 T4k 35 . TRl it



# M RAE L F M FERIRR S B rip KR LERFI 5 M 47

o TVDV J3 2405 TR B B ia #2437 5%

S &k

(1]

(2]

(3]

(4]

(6]
[7]

[8]

(9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

MO X H, CHEN Z B, CHEN ] P. Complete Nucleotide Sequence and Genome Organization of a Chinese Isolate
of Tobacco Vein Distorting Virus [J]. Virus Genes, 2010, 41(3): 425-431.

MO X H, CHEN Z B, CHEN ] P. Molecular Identification and Phylogenetic Analysis of a Viral RNA Associated with
the Chinese Tobacco Bushy Top Disease Complex [J]. Annals of Applied Biology, 2011, 158(2): 188-193.

T, G, M. S, TBTV TUR RNA A B8 9000 S RS A7 (1), 2 Al Ko i
CH ARSI, 2010, 25(6): 797-801.

MO X H, QIN X Y, TAN Z X, et al. First Report of Tobacco Bushy Top Disease in China [ J]. Plant Discase,
2002, 86(1): 74.

CHEN X J, LUO H M, ZHANG J Y. et al. Synergism among the Four Tobacco Bushy Top Disease Casual A-
gents in Symptom Induction and Aphid Transmission [J]. Frontiers in Microbiology, 2022, 13: 846857.

B, RAT, BRiEm. 0 A TUR Tk ()], fE900 3 2% 4% . 2005, 35(5): 385-391.

GATES L F. A Virus Causing Axillary Bud Sprouting of Tobacco in Rhodesia and Nyasaland [ J]. Annals of Ap-
plied Biology, 1962, 50(1): 169-174.

XU Y, JU HJ, DEBLASIO S, et al. A Stem-Loop Structure in Potato Leafroll Virus Open Reading Frame 5
(ORF5) is Essential for Readthrough Translation of the Coat Protein ORF Stop Codon 700 Bases Upstream [J].
Journal of Virology, 2018, 92(11). 15-17. .

BRAULT V, VAN DEN HEUVEL J F, VERBEEK M, et al. Aphid Transmission of Beet Western Yellows Luteo-
virusRequires the Minor Capsid Read-through Protein P74 [J]. The EMBO Journal, 1995, 14(4): 650-659.

LUCAS G B. Diseases of TobaccolJ]. Quarterly Review of Biology. 1965, 45(48): 1421.

BRAULT V, HERRBACH ?, REINBOLD C. Electron Microscopy Studies on Luteovirid Transmission by A-
phids [J]. Micron, 2007, 38(3): 302-312.

BRAULT V, MUTTERER J, SCHEIDECKER D, et al. Effects of Point Mutations in the Readthrough Domain
of the Beet Western Yellows Virus Minor Capsid Protein on Virus Accumulation in Planta and on Transmission
by Aphids [J]. Journal of Virology, 2000, 74(3): 1140-1148.

BRUYERE A, BRAULT V., ZIEGLER-GRAFF V. et al. Effects of Mutations in the Beet Western Yellows Vi-
rus Readthrough Protein on Its Expression and Packaging and on Virus Accumulation, Symptoms, and Aphid
Transmission [J]. Virology, 1997, 230(2): 323-334.

BRAULT V, BERGDOLL M, MUTTERER ], et al. Effects of Point Mutations in the Major Capsid Protein of
Beet Western Yellows Virus on Capsid Formation, Virus Accumulation, and Aphid Transmission [ J]. Journal
of Virology, 2003, 77(5): 3247-3256.

CHAY C A, GUNASINGE U B, DINESH-KUMAR S P, et al. Aphid Transmission and Systemic Plant Infec-
tion Determinants of Barley Yellow Dwarf Luteovirus-PAV are Contained in the Coat Protein Readthrough Do-
main and 17-kDa Protein, Respectively [J]. Virology, 1996, 219(1): 57-65.

LUCAS W J. Plant Viral Movement Proteins: Agents for Cell-to-Cell Trafficking of Viral Genomes [J]. Virolo-
gy, 2006, 344(1): 169-184.

LIR, MOCK R, HUANG Q, et al. A Reliable and Inexpensive Method of Nucleic Acid Extraction for the PCR-
Based Detection of Diverse Plant Pathogens [J]. Journal of Virological Methods, 2008, 154(1-2); 48-55.
PRz MREHT . WO R T TR AR A o DS R (T, AR AR R 2 4. 2003, 32(4) ¢ 453-457.
GARCIA-ARENAL F, FRAILE A, MALPICA J M. Variation and Evolution of Plant Virus Populations [J].
International Microbiology, 2003, 6(4) . 225-232.



48

M E ¥ http://xbbjb. swu. edu. cn %3 A

[20]

[21]

[22]
[23]

[24]

[25]

[26]
[27]

(28]

[29]

[30]
[31]

[32]

TAN ST, LIUF, LV ], et al. Identification of Two Novel Poleroviruses and the Occurrence of Tobacco Bushy
Top Disease Causal Agents in Natural Plants [J]. Scientific Reports, 2021, 11: 21045.

LIY Y. LIU Q L, XIANG D, et al. First Report of Natural Infection of Tobacco Bushy Top Virus on Tomato
and Pepper in China [J]. Plant Disease, 2018, 102(7): 1466.

BE, dEE, B, . SR SRR IR AR BOR R AN A [T, MR B2 AR 2019, 49(4) ¢ 456-464.
TR X35, WA, 55, = SN S S R i aF EXE ()] s MR R¥F¥2MBAR ),
2015, 30(3): 363-368.

ZHAO W, XU Z T, ZHANG X M, et al. Genomic Variations in the 3’-Termini of Rice Stripe Virus in the Ro-
tation between Vector Insect and Host Plant [J]. New Phytologist, 2018, 219(3): 1085-1096.

YANG X L, WANG B, LUAN J B, et al. Molecular Variation of Tomato Yellow Leaf Curl Virus in the Insect
Vector BemisiaTabaci [J]. Scientific Reports, 2017, 7: 16427.

ROOSSINCK M J. Mechanisms of Plantvirus Evolution [J]. Annual Review of Phytopathology, 1997, 35: 191-209.

BEACHY R N, LOESCH-FRIES S, TUMER N E. Coat Protein-Mediated Resistance Against Virus Infection
[J]. Annual Review of Phytopathology, 1990, 28: 451-472.

GADHAVE K R, GAUTAM S. RASMUSSEN D A. et al. Aphid Transmission of Potyvirus: The Largest
Plant-Infecting RNA Virus Genus [J]. Viruses, 2020, 12(7): 773.

PETER K A, GILDOW F, PALUKAITIS P, et al. The C Terminus of the Polerovirus P5 Readthrough Domain
Limits Virus Infection to the Phloem [J]. Journal of Virology, 2009, 83(11): 5419-5429.

PR, 2 B DA U B SR B A [T B SE, 2022, 1(3): 18-24.

AEEE, R4, B, % R HBETOCRRICHE RSN TVDV 2 (R SO L8 A 4045 [J]. = sl K2
S CH AR, 2018, 33(2) . 208-212.

SRR EEW, T, AF. 2 R Ry 0 B LK R Ao B R TR R S RN A AT (D], AR BE AR AR
2016, 46(2): 241-246.

REHE I A4



