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BatkiltiraF%E. [455%8 ] W ATURR A S 7B Y (tobacco bushy top virus-Zimbabwe, TBTV-Zim-
babwe) 7EHEK 4] RNA BT IKF I 5 MR TR (Umbravirus) HAWRL ) —EMEN 47.8%~94.6%, Hrh
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Abstract: [ Purpose | To identify the components of the causative agents of tobacco bushy top dis-
ease in Zimbabwe. [ Method ] A tobacco bushy top diseased plant was collected from Zimbabwe,
and molecular identification of the virus complex was conducted. [ Results ] The genomic nucle-
otide identities of TBTV-Zimbabwe with other umbraviruses were 47.8%-94.6%. TBTV-Zimbabwe
had the highest identity of 94.6% with Ethiopian tobacco bushy top virus (ETBTV). TBTV-Zimba-
bwe had 56.9% identity with a Chinese isolate of tobacco bushy top virus (TBTV). Molecular phylo-
genetic analyses showed that TBTV-Zimbabwe was an isolate of ETBTV and it was distantly relat-
ed to TBTV, which was a distinct virus species. The genomic nucleotide sequence identity between
TBTV-Zimbabwe satellite RNA and ETBTV satellite RNA was 93.9%, and TBTV-Zimbabwe
satellite RNA showed no homology with other sequences in the GenBank except ETBTV satellite
RNA. Nucleotide sequence encoding partial coat protein of potato leafroll virus (PLRV) was determ-
ined in tobacco bushy top complex in Zimbabwe. [ Coneclusion ] Three viral components were iden-
tified in tobacco bushy top disease complex in Zimbabwe. Each of them was identical to the compon-
ents of tobacco bushy top disease complex in Ethiopia at the virus species level. The causative agents

of Zimbabwean and Chinese tobacco bushy top disease were not the same.

Keywords: Zimbabwe; tobacco bushy top disease; virus complex; satellite RNA; potato leafroll virus
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JHEIATIR (tobacco bushy top disease, TBTD)
JE— A G E IR R RN, R R T
1958 AEAEHE AT AL X il , Bl JS AErg AR AN
R4 S OS HL LA R AR 2 A X Tz kR
T CE R 2R BRI R R e X L A 5 A
FEONTGORRE IR . 2 330 B AL 4K i 12 S5 i 58N
e JHELATIURRE (tobacco bushy top virus, TBTV)
10K B K 411 9% 7 (tobacco vein distorting virus,
TVDV) NiZHi ™. NDOWORAMXT 14
FEEAT T TBTV 43854 (TBTV-A2) #E4T T 4125
oI, A3H T IR AR I AEE RNA
(double-stranded RNA, dsRNA) ZH i,

FI 1993 4F DI, A DA THU 6 H [ 2= 7 A
XARMARELE, s T EETHRY, X
] AR AT 5 ) A 5 IR A A S e R . i
o 5 2 A R AL B 4G 2 9 B SR (Umbravirus)
(1) TBTV JH TLR RNADL K D% 45 5 77 I
(Polerovirus) ) TVDV M HAERE RNATY,

BRI AR 2R K T MR AT, X2
HiHR A R R T ™ EE B2 . ABRAHAM 45
WFFE R BREEMRK LA B AT f 1 M R
ARG, ZESKH 1 W EE R ——
R ZEME HL AR F T B (Ethiopian tobacco bushy
top virus, ETBTV) M H TV & RNA VI S Th44 23k
3% 3 (potato leafroll virus, PLRV) 41 il 43
ARG MR . ETBTV 5K E 8 64

M\ % J% ¥ (groundnut rosette virus, GRV) 3 %
KR, WIE LR 2 KT R F 5 A — 2o
K 70.7%, TS5 E TBTV HHH 4K HRIT
G — AR 59.3%, # ETBTV 5 TBTV /&
2 FASIR) 5 75

RE'E DA VAR abe i T EREa s A W N E 5P
24 Wl 0% R AR v O™ ) fe Y. UDAGAWA
SEVON FHR B P AR ARAT T TBTV 4t sy 2
Y1 (TBTV-MW) 3t 4 & KA RIT 5, H5
ETBTV J: M 4H 2 KAL T IRITF 59— 1R 87.7%,
15w E TBTV & H 4] & KT IR ¥ 51 — Bk
F 51.6%, B TBTV-MW & ETBTV (#4354
(ETBTV-Malawi),

Bk T TBTV-A2 & il fif§ 3£ K 5 Bt (549 nt) J¥
51 (GenBank %55 : AJ704818) #ilE 4k, H:E
A7 75 JH A TOU AF 5 s PR 0 5 1) 350 A 2
fiE, RFEBOREDI T4 TR, 5 HAMmE
M AT 975 I 40 22 ) ) X I oA LR, AR
G RAE T | A EE A T3 MR AT R 5, FH R
HIR IR 552 o IR s SRk WA A v O A =5 0
NG IR B SR A o B oy S, RS
[7i) ] 5% e A= ) AR A TR S =22 [T A DG R o

1 MREREZ%

L1 RERRIR
T LA =5 M A A T AR R A i SR A P L A
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FRPIETRNX A Yy, Zid W dOE SE AL R4 F P %
S (AR K326), TERMREIRE T =B ROl
Bl A58 BEAF A0 SE . Rk R B Sk 5 1L |
AASE A 4 (1) 4 it S5 AR A T L R ER:
1.2 MHE AT 25 A 35 7 B R R 21 4 Kok
TR T 5153 #

v F§ VALVERDE 45" 5 i 4 BUs Ju i
A =5 JH R A TR AR A Y dsRNA,  EL dsRNA £
W BEFE R IR B IS, aifb K B2 4 kbp A A
F A TOU BE HE LA 5 43 B 9 (TBTV-Zimbabwe)
dsRNA E il rhE A, 2% ATTOUI S&" 1) 7 i%f
JREEMY STRI 3 AT, T AR S AR
ETBTV 3 H 417 %)% 1, 4 %% ZTBTVR281
(5'-CCTCATTGGGTGGTGTGGTG-3") fll ZTBTV-
F3861 (5'-TAAGCTCGGGTGTGTGAACC-3"); "
Wzt I aifl (QIAquick Gel Extraction Kit)
J&, 4% PMD-19T 2k (TaKaRa), #{b KT
DH50 B 3% 25 40 il (TaKaRa); £ % 7% PCR #ifi
e, PEECE A FURLH#E TR A R BRI E (Invit-
rogen). AR 4 3545 1 3 PR 4 G s 1 81 1 S 1
ZTBTV5 (5-GGGTTTCAACATGGCAATTCGAG-
CAATAAC-3") Fll ZTBTV3 (5-GGGCGCGCGGG-
GGTGAAATCCCGCCGCTA-3"), K5 #kf75 5%
BEHRASKTFHINY 1, Y3 Y Vs,
ARG E AR PCB301-CH (34 £ & ) 1, W
B4R 4 A R B AT R 900 E (Invit-
rogen),

SEH 4L F By 91 i DNASTAR #7440 %
3K 1% TBTV-Zimbabwe 3 K 2 4 K 5 31 . 1
NCBI 7E£8 /0 M1 %% ORF Finder, 454 BLAST %
W B2 5B T B % TBTV-Zimbabwe %2 [ 4H
#EATIERE . 0 FH DNASTAR 4k {4 #4T TBTV-Zi-
mbabwe 5 14 55 25 J H A i 53 55 PRI A A% TR 7
A1 L Ko 5 TR 20 s ) %) 00 2, 11 5T 2 2 R ) 910 XoF
b, NiH MEGA X 84 0) NI EME S+ R Gk
R, SEARAR T ] A E(E R 1 000 ¥R AR 50
MIZER, SN e 75 S HEE R 20781 Gen-
Bank 5%5 0 #HE MMUBEEEE (carrot mottle
mimic virus, CMoMV, U57305). #i% NRERYRRE
(carrot mottle virus, CMoV, FJ188473.1), ETBTV
(KJ918748.1). {4 7% % 5 (groundnut rosette
virus, GRV, Z69910.1), 22 3E 1 1% 7% (opium
poppies mosaic virus, OPMV, EU151723.4), it

H- & 5 5 25 (pea enation mosaic virus-2,
PEMV-2, U03563.1). TBTV (AF402620.2), %
FEBL R 7 (tobacco mottle virus, TMoV, AY0072
31), /INEEEBEBR R 2 5 (ixeridium yellow mo
ttle virus 2, IxYMV2, KT946712.1) f1 ETBTV-
Malawi (LC494673.1).
1.3 RS TR B A A 5 70 ) A2 RNA St
R0 2 KAZ H TR 51 43 #r

P IR e i T A 5 0 A T O R Y
dsRNA, 4lifb {254 0.5 kbp () TBTV-Zimbab-
we L& RNA ) dsRNA E il [a#, SHEH
JrkCR iz R DA RNA KR H#17
e, HE YA AN AT A 1.2
1.4 CA 5 M B AN T A ity 5 4% S 4 I 7
J& L R 7y T 458

K H Trizol i3 (Invitrogen) 42 BUBYL HE [ A
5 M ATV AR AR RNA, DA EAR, 1
HERER 7R (Luteoviridae) AYIE A F 9™, K H
— 3k RT-PCR (TaKaRa) X i o ] A7 76 1) %
FEN B A A M B L A FE R 1 (coat
protein, CP) 5[ 7 Betb 474 1 o 34 W 731
e Mo HrTiER 1.2 795,

2 RS0

2.1 MR NTIOR ERE A T 4 S T 5 e
TBTV-Zimbabwe & K 21 4 K17 R 17 51 M
4185 nt (GenBank 585 MW113249). %l 4 4>
FF LR 2 HESE (open reading frame, ORF), H:JE
PRI 2 235 1 BAT WA 52 95 3 T T JBURR AR, ORFL
(11~886 nt) Zi i 4 I 1Y P1 2K (1 5% & & il A
X; 1E ORF1 £ %45 T (884~886 nt) [liE AT
T BSEHESE-1 RS (877~883 nt, GAATTTT),
i I AR AV B R B A2 ORF1-2 [ B ™
¥ P1-2, ORF1-2 (11~2547 nt) 2 i 4 0 1) 955 5
2 il (RNA-dependent RNA polymerase, RdRp);
ORF3 (2679~3467 nt) g i 1) P3 & [ k3t 19
SRR ZINBEE 19 ; ORF4 (2773~3549 nt) i Y
P4 5 [ A 4 ()95 5 40 i (]2 sh 2 1 . TBTV-
Zimbabwe S HA 3 MEEMG X, 53002 506
Ak 4 15 X (1~10 nt), FE A [B] JE 4 5 X (2548~
2678 nt) Al 3R dwtE X (3550~4 185 nt) (& 1)
TBTV-Zimbabwe 5 5% ¥ 5 J& FAlh 5l 72 78
SR K AZATIR T 51K B —8:hy 47.8%~
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1 886 2773 3549 TV-Malawi F /78 —Bbk i, 05005 91.1% Fi
S ORFL | - i—‘O%I}:I;4 | 3 85.2%; TBTV-Zimbabwe 5 W35 7 Ji At il 5%
{9 P1-2 8 e 2 SE Ry 51 K b i — Sty
11 25472679 3467

1 TBTV-Zimbabwe £ [E B L5

Fig. 1 Genomic organization of TBTV-Zimbabwe
94.6%, H:H5 ETBTV Hil ETBTV-Malawi 551 A
— e, K 94.6% F1 87.5%; STEIEMNE
HRATHI GRV P8I —EE R 71.6%; 5 TBTV J¥
GI—FHEUHR 56.9% (F 1), ARIGH 7R
FOIEH A 2 RKIF IR 7> T REIH (B 22)
f7R: TBTV-Zimbabwe 5 ETBTV F1ETBTV-Mala
wi i F—A #6332, ENMT5S GRVIEL L RE
¥T, TBTV U5 OPMV i F5H— itk %,

% 18] % . TBTV-Zimbabwe 5 K 5

49.0~95.9%, H: v 5 ETBTV F1 ETBTV-Malawi
HFH et 20N 95.9% #192.0%; TBTV-
Zimbabwe 5 #5205 7 8 HA R P3 B IR &S
R T 5K B —8HE N 15.6%~90.1%, His
ETBTV F1 ETBTV-Malawi ] )5 71| — 3P % &
351 90.1% F179.0%; TBTV-Zimbabwe 5145
9 1 J HLAh B IR P4 2R A 2SRRI 91K LY
—EEN 37.7%~96.1%, HH5 ETBTV fl ETB-
TV-Malawi 751 — R, 50518 96.1% i
90.3%. M 4% 4 505 7 )8 0t P1. P12, P3 I
P4 2 BE TR T 9] 43 il 4 4 1) 53 R e itE AL A
(& 2b~e) . 78 : TBTV-Zimbabwe 5 ETBTV Fl

R A AL R PR AR E LR T SIKF L—  ETBTV-Malawi fii T— A~ iE{k4r %, TBTV N5
N 29.2%91.1%, H i 5 ETBTV fl ETB-  OPMV {5 — A ilkfbar .
#& 1 TBTV-Zimbabwe S#F 55 B RAEREFFIMEBRIERFTIHN—H M
Tab. 1 Genome sequence identities and amino acid sequence identities of the putative proteins
between TBTV-Zimbabwe and other umbraviruses %
PT— Ji}iét[j%tr@‘i Pl’i\%ﬁ?&ﬁﬂ “H ik P1-2§\3§E§$ﬂ -Hfk P3§J§E§E§U -tk P4§\££E§EFIJ -k
. 75— 8k amino acid sequence amino acid sequence amino acid sequence amino acid sequence
reference viruses genome sequence identity identity of P1 identity of P1-2 identity of P3 identity of P4
CMoMV 47.8 29.2 49.2 17.6 37.7
CMoV 48.8 314 49.0 15.6 41.6
ETBTV 94.6 91.1 95.9 90.1 96.1
ETBTV-Malawi 87.5 85.2 92.0 79.0 90.3
GRV 71.6 54.1 73.5 51.0 77.9
IxXYMV2 52.7 28.4 48.5 283 39.3
OPMV 56.1 35.9 56.4 39.0 56.8
PEMV-2 52.1 30.9 49.0 35.6 58.4
TBTV 56.9 334 57.8 38.1 64.7

2.2 MHEE NI B A T o S 4 T RNA 77
T4

TBTV-Zimbabwe T RNA J& K4 &K A%
241 4 522 nt (GenBank & 5% 5 : MW113250),
AYf% ORF, TBTV-Zimbabwe L/ RNA 5 ET-
BTV 1L & RNA (GenBank % 55 : KJ918747) Al
TBTV T & RNA (GenBank % 3% 5 : KU997687)
FEH A S RKAZATIR)P 5 I — B4 5118 93.9%
42.9%. BLAST 43 #7 % Bl : TBTV-Zimbabwe 1.
AL RNA 5 GenBank $idlEZE % ETBTV LA RNA
B0 B A HAD P TR I

2.3 A S R A TOUR B R A A R
7 N R

o7 FH EECRE I 2 Rk 5 | 400 B A =5 A A
THUpR RE S R B B RNA 64T RT-PCR 378, 7F
HEELAE TR TP ARAS2 550 bp B BAR B, WoR
A DR EEMNEEEE R AEAE . PO o bT R
B 3G B B MR TR DR ST
J% B (potato leafroll virus, PLRV) #h5¢ & H B8
A iZEH S GenBank & 5 i HAL PLRV 43
BEWYTERZAT TR K- B — 3R 95.3%~96.1%;
H Gt (15 5 A1 e B & SE R )7 51 5 HoAh PLRV
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b) 94 ETBTV c) 100 FETBTV
100 FTBTV—Zimbabwe TBTV-Zimbabwe
100 ETBTV-Malawi ETBTV-Malawi
94 GRV 100 GRV
OPMV OPMV
99 TBTV TBTV
CMoMV PEMV-2
99 CMoV IXYMV2
IxXYMV2 94 CMoMV
88 PEMV-2 100 CMoV
|| ||
0.20 0.10

—
0.20

TE: RGN S AR R 2 R R R R L A KR RRT S (a)

2o

MY P1 M (b). P12 (). P3 I (d) Al P4 T (o) IEILIRIT

Note: The phylogenetic trees were inferred from genomic sequences of umbraviruses (a), amino acid sequences of putative umbraviral P1s (b), P1-2s (c),

P3s (d) and P4s (e).
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Fig. 2 Phylogenetic trees of umbraviruses

SR —FE R 94.3%~97.8%, 5 TVDV 14
—BPEAL N 58.5% 1 HH L EL AR =5 M0 5 DA T o
R AR PLRV,
3 Wit

MR B [ B i 7% 40 25 2% 51 2 (International Co
mmittee on Taxonomy of Viruses, ICTV) 732,
R R BT A 11 2 5. CMoMV
CMoV. ETBTV. GRV. IxYMV2. & & /NREEL

Ji#F (lettuce speckles mottle virus, LSMV), OP-
MV, ¥ 5 R4 B 52 9% B (patrinia mild mottle

virus, PMMV). PEMV-2, TBTV fl TmoV;
P BB RE A A S BB KA R T (bean yellow

vein-banding virus, BYVBV). [r] H 2% 4 4 % 75
(sunflower crinkle virus, SuCV). [a] H %% 35 5%
7% (sunflower yellow blotch virus, SuYBV) FIHH %
T KR 7 (tobacco yellow vein virus, TYVV), K4
SR TE R N AR A SR Ry s SRR AF FE S

dsRNA 47 & | B 4 8% 1 R 7 91 — B /T
70% . SICERIBFE R4 K cDNA HREF A fE Y
Ll A AR5, ARWF5E R . TBTV-Zimbab-
we ELAT S0 AU (1) | 52 5 B T8 A D Bk DR 20 45 4 R
k. ¥ FRG#H A7 Hr 878 : TBTV-Zimbab-
we 5 ETBTV #l ETBTV-Malawi % % R8T,
M5 TBTV R KCAKIT, A5 TBTV-Zim-
babwe 5 53 — A TBTV 43 B4 TBTV-
A2 S il it FE R 0 P 9 AEAZ AT R K P B i) — 3K
PN 94.5%, TERAFEMIKT i —3EH 97.3%.
M5 ICTV B2 3 m AN A R 43 5], e A
=5 M HE A THU 9% I 22 — ) TBTV-Zimbabwe )i/ J&
ETBTV W51 &4, B 5 v 4 A TI00 9 Ji 2
—[ TBTV 43 5JE T HAF R 28R N AR R B R R

R ICTV B 40 42, WA R 0% 75 8 ik 75
B TR RNAfS 4 Fl: CMoMV TL2 RNA, GRV
TERNA, PEMV TZRNA FITBTV TERNA",
P FE AR L AR B N TR o IR R S A4 5 ETB-
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S

Eiid 937 %

TV [T RNAY, A5 H TBTV-Zimbabwe T,
/£ RNA 5 ETBTV 1 /2 RNA R4 KA R
FF o —E N 93.9%, X 2 M T RNA
AR 1 4NFf
AR5 A L AT 5 8 7 DA TR Aok r 4G 0 5]
LA BRI EE R 19 PLRV, 3R 224 HE IV 40 B A
ToUm G R A R R ETBTV M H TR AN, iy
A PLRVY, KB PLRV AR % A= 1 10 B A TH
iR IR AR 2 — o v A R A TO0 5 i
326 R TP ) ED S S e B A R L
B (TVDV)", i [ 00 AT 95 i & A A b Al
T TVDV Bl RNA, kD84 5090 77 8 11 bl
RNA 2 B¢ 51 ™, N 5 45 5 8 9 35 s 1F: Bl
RNA 4138 5 | 417 e T A7 =5 A0 5 A T0 4
AL RNA 47 RT-PCR 738 , £ 38 H 45 5%
o RTASBIFSE A AT 3 40 B DA TOU A it 43 1) 1z
JHZIN RNA T B2 0 Py 0 s 4 TR 3 I e 1) 7 12 3
AT e e B H A S A R RS, AR A
A5 B G T JE AR RNA 25t (iR & 32).

4 #Eip

T LA =5 0 A TR 95 i 525 AR ) B 4 53
44 ETBTV, ETBTV 112 RNA fI PLRV, 5
3R FEAR LT R TR0 95 5 A2 45 A ) R 1, 4. 53 7
JREEFP I KT —8, (B P [ AT
G EIITE 73 F7KF 25 S K
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