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HWE R HEHEEFIR DNA %5258 ( Badnavirus ) )38 FI#6 5 %) BadnaFP/BadnaRP, )\ 7 {7 2ERES A ™14 8] Badnavirus %
B RT/RNase H & HAESF X, 3545 12 D IEREF A, K E R 576 bp, JFHI4 125 T 8RR FAS [RIRE 0% 5 e () A2 g
FE SR T 5 AR 5301 R 78.8% ~ 99.5% F1 81.3 % ~99.5% ;K F i) —FF i i 38 7= Wy (1) s B (M 76 )7 51 - AR AR R 26 57,
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SR K RN B, RAE R —#5 , R IS TE R Badnavirus JEREE , (B5FFPIRIGEE ( Taro bacilliform virus, TaBV ) JF 51
PRIMEEAR AT B R S TR AR A ﬁﬁ}}‘il]j\j 58.0% ~62.2% Fll 58.5% ~64.1% , LMl ATk DNA S 25 & 19— 8fh . AR Bl
FESFHNBT T TR TR B 5 1) P197/PA33 5%t 51 43 "FE S A 25 SR 2 W, 1% 5 1 9 T A S50k i >k IR T 3 B - 1Y Badna-
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Molecular identification and specific detection of Badnavirus from taro grown in
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Abstract: The universal degenerate primers BadnaFP/BadnaRP were used for the detection of badnaviruses in
taro grown in China. The target fragment of 576 bp, covering the conserved region of genes encoding reverse
transcriptase (RT) and ribonuclease H (RNase H) , was amplified from seven samples. Sequence analysis of 12
clones of PCR products from those samples showed that the clones from different samples had similarities of
78.8%—99.5% and 81.3%—99.5% at nucleotide (nt) and amino acid (aa) levels, and the clones from the same
sample had similarities of 89.6%—100% and 92.7%—100% at nt and aa levels, respectively. Phylogenetic analysis
revealed that all the isolates belonged to a member of Badnavirus. However, the obtained sequences shared only
58.0%—62.2% nt and 58.5%—64.1% aa similarities with sequences of Taro bacilliform virus, suggesting that it
might be a new tentative species in the genus Badnavirus. Primers P197/P433 based on the obtained sequences
were used for detecting this virus from 51 taro samples. The results showed that the designed primers could be
used for effective and specific detection of the badnaviruses in taro grown in China.
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[ Colocasia esculenta (L.) Schott ] /& K &
B ( Araceae ) % J& ( Colocasia) 24T 1= 15 M3 ¥ A FE
Y AE R Jo v B I R rh e B AN R R T
FEE, FEESREMB R T, Yang &
i 1 U A ST LN A5 P B [ Ao A == )
2 A —FPFFIR DNA WS 8, i 24 0 2EFE IR B
( Taro bacilliform virus, TaBV) , TaBV 1L
W% 22 B ( Caulimoviridae ) T Ik DNA % 5 )&
( Badnavirus) .51 . HHT Badnavirus 4 18
IEECFRRN 12 AN s RO A 3 b B R B
i B ( Commelina vyellow mottle virus, ComYMV) ,
ZJE I BE WL R 2 Ry 50 R S8 A PR R WS DNA
(Double stranded DNA,dsDNA) , K/NH 7.5 kb~
8.0 kb, %A 3 ~7 ANJFHIEIZEAME (Open reading
frame, ORF) , i [A 41 {9 3% 7% S Jiff (RT) F1 RNA
fiff H(RNase H) 4 X AHXTRSF , HF 50 FRAE A] F
TSRS E T TaBV BER A7
§ 4K R 7 458 bp, IE SCEEGLE 4 4> ORF, & A f
FERIIZIR T S TR R %
S BETEAE WA FLLS 27 B 2 R B0 M
PCR Hrill AR RN ACR AR E

FEEE R R R R I e F 25
MATE & BE AR, (AR S A B8 55 . Ao i
b WA HH [R) 6 B B R R AR o 64T T AR
DNA i 843 T % 2 Fl PCR R () etk | iiF 9 45 2R
XHRA T @R DNA K5 A0 FHerE 424t 1
A HUE B, R = e s i | 34t 7 A 20
SREER I EL A
1 #Mel5R*E
1.1 ket

ML BB B A AL A LD AR I U MR A
AR 51 0y, ZECRAERE AR 1Y i R AR B
PLARBERL SRR
1.2 BZERRREK

BRI 0.1 g, ini & AE S Btk Bk
WA 2 mL B8 T, A 800 ul 1.5% CTAB
PRI W, I ZUIRS), 65°C 7K 30 min J5 B,
IR A 2 WS A 2/3 BRI B
TUERIR , DITEM 4 15% LR 2 I, TR I
F 50 uL TCHK , —20C1RFE

1.3 St 56K

HFP 147k DNA %3384 RT Al RNase H
FN 5% N Badnavirus J& i 5] % BadnaFP/
BadnaRP ;: ATGCCITTYGGIAARAAYGCICC/CCA-
YTTRCAIACISCICCCCAICC"

MR8 A< 6F 5% BT 4R 45 (9 4T IR DNA 5 8 RT/
RNase H FERRSF 7 0BT T %90 5 A4 5 | 4
P197/P433: TGAAAATHGCRGTACCAWCCAT/
RGCCCARTCYTGTTKRTTCAT (H=A/C/T,R =
A/G,W=A/T, Y=C/T, K=G/T), ¥ I
WA T AR ARG

1.4 PCR

DIBREUAE Fr SR WA , PCR 2N S A
Z N 25 ul, & 10XPCR E K 2.5 uL, dANTPs (2.5
mmol/L) 0.5 uL .Tag DNA B4 (5 U/ul) (54
YWITAR(KE)HRAF) 0.2 ul 1E 8 FZ 5|4
2% 0.5 uL(10 wmol/L) | SR 1 wl FIK B 1 25 15
FIK 19.8 uL, P IEEAMFH 04T HIAEME: 3 min;94C
A5 P 30 s, 50C (514 BadnaFP/BadnaRP) £ 55C
(519 P197/P433) iE K 30 s, 72°CHEff 45 5,35 PME
W5 72°CHE{#H 10 min, PCR F=¥I1E 1.2% L iEAH5E
i LK S E BB FR 4L (a 10 min, K H B T8 AR
BRAGE FETFIL RS,

1.5 ¥~ RERNEF

PCR J*¥)25 1.2% B REWEEERS LUK S | Fi B e b
HEME DNA 2l [Isn & v3.0 (bt iE 2 Bl
HABRAE]) Uil Dk H 5 DNA, i%:4% %2 pMDI8-T
AR (FEY TR CRE) ARAR) A R IB T
( Escherichia coli) DH5a HARESZ 4G |, IR AR 7E
100 mg/L 2N # % % ( Ampicillin, Amp) 1y LB
PARREIREE L FR R K S B LR — o 0 1
HEOBAEYE  7E5 100 mg/L Amp 1 LB AR F=3E
HRZ R, PCR S5 i BAVE v RE S R % e r
I 4 B E R FR A Rl T
1.6 F5IaH

J¥ 81 F X SR A 27 A Clustalx (1.81) 1
DNAMAN(5.2.2) 5E i, & 5 &k 8 W & R A
MEGAA4.1 {4 ¥ £ 4% 72 ( neighbor-joining , NJ)
HEAT . R CHRIE R AR AL MR FE R 6 8
BSRITHINE L,
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Table 1 Sequences of members in the family Caulimoviridae used for phylogenetic analysis
Genus Species Acronym Accession no.

Caulimovirus Carnation etched ring virus CERV NC003498

Dahlia mosaic virus DaMV AY309479

Figwort mosaic virus FMV NC003554

Horseradish latent virus HRLV AY534732

Mirabilis mosaic virus MiMV AF454635

Strawberry vein banding virus SVBV NC001725

Petuvirus Petunia vein clearing virus PVCV NC001839

Soymovirus Blueberry red ringspot virus BRRSV AF404509

Peanut chlorotic streak virus PCSV NC001634

Soybean chlorotic mottle virus SbCMV X15828.2

Cavemovirus Tobacco vein clearing virus TVCV AF190123
Cassava vein mosaic virus CsVMV U20341

Tungrovirus Rice tungro bacilliform virus RTBV AF220561

Badnavirus Banana streak virus * BSV FJ594910

Sugarcane bacillifrom virus SCBV FJ824814

Piper yellow mottle virus PYMV DQ836237

Taro bacilliform virus TaBV AY186615

Dioscorea bacilliform virus DBV AM503402

“ % 7. The name of the virus has been revised in the latest taxonomy report. The sequence referred is mostly similar to

Banana steak OL virus ( AJ002234) .

2 ER55H
2.1 #Fik DNA %= RT/RNase H EEHFLEE

B RAEERE S TR REFLEL 26 7R &h, LT HE H
SR A AR, 1 Badnavirus J& 95 2 38 FH 51 ¥
BadnaFP/BadnaRP i#47 PCR ¥ 3% , Hp 13 /£
AR T WA RN G 55007, RIBTAETE 2~ 3 454
Hbr &l (B ) X HAR = A7 ik alifl, | ek
FI > BRI e BB 1~ 3 4, 45
SRRk A A DGR ST 7 SRR BTG R B
A Badnavirus J% 8 RT/RNase H JER#5F X, Hegk
B2 AN TERER RS (R 2) , &0 e 48 B ks A B
KNIH 576 bp, FFAI XSS R IR, ok A R FEIRE
s P I R A% TR N 28 5 2 e 4 AR DLV 43 5 Ry
78.8% ~99. 5% M1 81. 3% ~99. 5% ; 3K [ [ —+E 5
(FEED T-2 F1 T-4) ¥ 39 7= Wy 8 se Bl 76 )5 5] F Al
FETER R 22 572 AT TR PV LR 7 9 AR LI 230

89. 6% ~100% 1 92. 7% ~100% ,

AT BT ARA5 B9 #5751 5 NCBIL 8 Sy
Badnavirus JERFE T ) AHRUE AR X 48 5, 5 3% E i)
T )5 S50 FI594910 1Y BSV AL B g, A%
iR AV LR U 2 5 70.3% ~74.1% Fll 72. 9% ~
77.0% ; S5HGE B E AT LN 153251 TaBV
(B35 AF357836 ) 1% T R FN 28 S AR AL 43331 Ry
58.0% ~62.2% 1 58.5% ~64.1% .

XIAHIGE T 3 51 5 A6 AL R 2R 6
JBARFIR BRI 5 (£ 1) #47 R Gtk b, 45
R R, 3k 15 % 8 ¥ 91 5 Badnavirus J& 1)
PYMV BSV DBV SCBV #il TaBV 3% 5% Z A%}
BOR  FE R G T R A — 5, 5 AR 0 5
SRS RRBGL (K1), R#HILIKEE N Badnavirus )&
JWEE, MTE Badnavirus f 8, 2k AR EFE LBy
RT/RNase H J:[H J3 51 55 € 4 38 19 1% & 96 2 40 B
JPHNFEAERE R 22 57 AR R — A%
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Table 2 Percent nucleotide (below diagonal) and amino acid identities (above diagonal)
of RT/ RNase H genes of a badnavirus obtained from taro plants grown in China

Isolate T-1 T-2-1 T-2-2

T-2-3

T-3

T-4-1 T-4-2 T-4-3 T-5 T-6-1 T-6-2 T-7

T-1 -- 96.3 93.2
T-2-1 91.0 -- 94.8
T-2-2 89.2 89.9 --
T-2-3 38.5 89.6 98.6

T-3 89.2 87.0 93.1
T-4-1 91.1 99.5 89.8
T-4-2 97.7 91.7 39.9
T-4-3 98.1 92.0 90.3

T-5 81.1 81.8 80.2
T-6-1 38.5 88.5 92.9
T-6-2 88.5 88.5 92.9

T-7 80.9 82.3 80.4

93.2
92.7
97.9
92.4
89.8
89.2
89.6
79.7
92.2
92.2
79.9

93.7
93.2
95.3
94.3
86.8
90.5
90.5
78.8
92.2
92.2
79.3

96.9 99.5 99.5 83.8 95.3 95.3 33.8
98.4 96.9 96.9 82.3 94.8 94.8 83.3
94.3 93.7 93.8 81.8 96.9 96.9 82.8
93.2 92.7 92.7 81.8 95.8 95.8 31.8
92.7 94.2 94.3 81.3 96.4 96.4 82.3
-- 96.3 96.4 83.3 94.3 94.3 83.3
91.5 -- 100.0 83.2 95.8 95.8 84.3
91.8 99.7 -- 83.3 95.8 95.8 84.4
81.9 80.4 80.7 -- 81.8 81.8 99.0
88.4 88.7 39.1 80.0 -- 100.0  82.8
88.4 88.7 89.1 80.0 100.0 -- 82.8
82.1 80.9 81.3 99.5 80.6 80.6 --

Note ; Sample ID followed by clone number.
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Fig. 1 Neighbor joining phylogenetic trees of partial nucleotide( A) and amino acid(B)
sequences of the RT/ RNase H genes of the Badnavirus isolates obtained in this study

and viruses in different genus of the family Caulimoviridae

“ A7 ; Indicated the isolates sequenced in this study.

2.2 SEETFFEHFIK DNA %S PCR &7

HRAE T R4S 14 R U8 T 3% [ 25 1Y) Badnavirus %
# RT/RNase H FE A #3843 0f F X 385 50 35811 T
IR EE IR A 5 ) P197/P433,

o

5|4 BadnaFP/BadnaRP ¥ 1 fii 1k 576 bp F B{ )
196~217 bp 1 432~452 bp, K H54) P197/P433
Xk E WG #0051 £ BE & #EAT T PCR

5 K ( E2) , N38in B R P 38 2257 bp A9 H #r
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Fig. 2

—257bp

1.2% agarose gel electrophoresis of PCR products

of badnavirus-like virus from some taro plants
Lane M: DNA Marker Il ; Lane 1-17; Taro samples; CK: Negative control.

7, HO B AR E K Sl B — AR R R AR
W R AR 74.5%, Horbok A sIGE TR 10
AFES T 8 Y 45 3 BH Ak, #2514 BadnaFP/
BadnaRP #3245 5 10% 5 T H At fe P )+ i 11
PP AL 50% ~100% (3 3) o %K [ Bk
w1 E AR B Beatb AT DS s Bl | e 37 43 b 2= IR T
Y44 BEORMATIR DNA %8 RT/RNase H JE A A9
RSFIFH

3 #RSiHie

ARSI B R A A [ R ) 2 S A ) 1] — e
FFIk DNA J5 %%, % H: RT/RNase H 3K 41 #E 17
SIHTIIZE R BN %99 8 1Y RT/RNase H &R
PR FN 2 B TR P 91 AE 22 Ge i AL R v 1 5 AE =2 4
SN FERHY Badnavirus J& BN RE RAE—E BN
Badnavirus J&WR 55, [FIET & Bk B 3 E AR E 0
FRIR DNA S5 £ RT/RNase H 35 R B9 4% 12 F1 2,
FERR e AR LM, T 5 4R E W #E 1Y Badna-

virus JB AR BE A% 1T IR S 28 FE 2 13 50 AR v 441K
T 80% I AL 1) —ANEF% . RT/RNase H 4
R Badnavirus JE 55 B AR ST 3L R 710 AR BE
PRI EE 22 &A% Badnavirus J& /A [FV R R
SARAE, B[R B RT/RNase H [ 2% 7 K T
20% ' BEAATIGE T3 AS P 5 (1 R G A S &R
A K5 E 5 Badnavirus &R B9 LA 2E
HEM I FR 5 ] €N Badnavirus J& W —AN 8 fb, A
AL TE R IR | A ) 2 T et S o 2R MLy
& BATFRABI,

S HIVE 5 19k B FEFAE AR DNA
W EERY RT/RNase H FE PR K 1) 43 Hr 45 24
7 TS I SRR, BAAEAR R S50
7E 13 AT BRI ke i AU 7 RS T
B4~k H DNA J5 51 RT/RNase H JEH | B T
IR EEIT O 5 CAHRGE P I AR R R S B
G4 AIE A R UR T IR U AR R ORI,
PR BB XS A SR Jr 43 M s 1 A A I 5 | 4

Table 3 PCR results for the detection of a badnavirus in taro collected from different fields

Sample sources Sample ID No. of No. of Frequency/ %
detected samples positive samples

Hubei Caidian Majiadu MJD 5 5 100.0
Hubei Xiantao XT 3 5 62.5
Huazhong Agricultural University HN 4 2 50.0
Wuhan Vegetable Research Institute SCS 10 8 80.0
Hubei Huangshi HS 21 15 71.4
Shandong Linyi LY 3 3 100.0
Total 51 38 74.5
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