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BE VAR GBYFEN FFEL 5% 7 (banana streak virus, BSV) 2 WisleR | £ e 75 22 77\l 1 i B
KT RT3/ A4 45 5 OL (banana streak OL virus, BSOLV) . 7 2 2k 49 7 GF (banana streak GF virus,
BSGFV)[14h5¢ 4 F (coat protein, CP) 3k K FI 77 5 28 559 7 IM (banana streak IM virus, BSIMV) ) RNase H 2
FERSE T 50 R 57 5190, R BSV 22 5 RS L8 415 o0 5 W AEAR 3 0 X85 | e B B JOIR B2 41 Al , 22
A7 RE A A P A I BSOLV \BSGFV \BSIMV i 2 S 2 i 3 PCR 75 1% . WFAE45 3R o, @i i ik & 0
BSOLV .BSGFV BSIMV | F {5 [ #)24# J& (pumol /L) Fe 611 0.5:0.5: 0.5, 38 K 63 °Co R % 2 & Ssie il
2R PCRTVETT LA 1 mg/mL (A A2 KA I 23 SR BSOLY \BSGFV I BSIMV it 57 (1) 2 5 S 44K
PCR 77 55 AU IR (19 # T AL M5 7 (cucumber mosaic virus, CMV) JGA8 X W . X} 154y F 8] & AEFE 5
HEATR I , B 4% I S DX A3 1 A2 G AR YL I RE L L 22003 B3, BSOLY \BSGFV A BSIMV (#4947 1% 74 5 GenBank
AH R I 7 [ IR 2 43 A AE 94 %6 A b . RWNZZ H S e ik PCR 5 s B 88 r st RVRl s 1, T g - 7

I B ) 750 B o 3 BSV HOR,
KR
RESES S4324 XEARIRED A
T A (Musa spp.) )7 {Z F A T # E $444F M

XU, A TRE V. o/ TR AR

B PIJCHE B R O35 A R AF i st e ek, B

HITT 3% b A AR 32 SOk U5 T 4 2% 5% B il A

Wi o SR, TEAE P i 25 b 52 B AR T 77 (ba-

nana bunchy top virus, BBTV) | & # £k % /i B (ba-

nana streak virus, BSV) % 8¢ {2 44 , BSV = YL 7 #5

Jo AR R b A W 2 s 2 A AR AR SR B, A I

PRAEAE IR ), A 30 f) iR o bR 5 A6 97 7 (cu-

cumber mosaic virus, CMV ) 7E F # I 7= A= il i R 2

W, BT HEL KRS FUFEMKEKSE

18 8= 1526~90%6 . G KRB, ) A LA I

TR SR RIRHRA 40% LU B I E CMV 5

BSV & ARG i 15 i), 7 F 40 Al 1 felt B

K.

T LR S TR AL RS AL T 2P (Caulimovir-

idae) #F W %6 35 )& ( Badnavirus) B9 SUEE IR 8 DNA %5

B, AT DG S W R, L n] DU i 4 35 A A AR
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Wi feid. BHERBSVA 114F, BSV fEF A
A A MG AL SN 8 OL (banana streak
OL virus, BSOLV) | 7 £ 2k 45 %% % IM (banana
streak IM virus, BSIMV) LA & F#E 2L 559 5 GF (ba-
nana streak GF virus, BSGFV) DB & SEE T
LR A, 3X 30 BSV Ui g A LS M AL, (HAZ T R
J¥ 51 22 54K, BSOLY 5 BSIMV 114 (X 7 571 [7] 5t
LT BSGFV JEH 741 5 HoAh BSV 22 0 K
X 3Fh BSV 1y 1E MR G SRS A T (g 35 4]
E)) e Fr AL 4T i B R MR Qe AT X
H [ BSVXFEA - WEE . i LR
KB4k U8 T Jo Pk B ny il i, e i AR A U
B AT RETE AL 3 o B TP R 1 . F R T E R A A
BRI I B 455 B RERC2 DR o i e 0 %o 7 A U
AR A AR RS AR o

FEY I T PRI 2 2 DAL 2= A T A e
A A E, H LR A BEE LN (polymerase chain reac-
tion, PCR) i A8 3R 19 43 £E Wy 2 A6 I 1 AR 35 2 AR
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IS0 §i S aF ELISA ¥ Ll &% £ PCR & il
BBTV .CMV I BSV', i 9p i 21 F) ] TagMan
real-time 5% BSV 7645 B A AL B i Lk, oy
22 H M HE B P B (rolling-circle amplification,
RCA) Fl3% it i 7 @ M i ge BSVH?) s il i £ &
PCR %54 LiquiChip 43 #7F BSV .BBTV fl CMV 13/
{H X 265 ¥ o ELISA 2 5 B 45 1%, 3% 38 PCR 7 &
UL , 96 E i PCR HA nUA R S i 1
RCA 77 34 k& B3 5t ELAS I T KA A A R
Ak, 3 38 PCR A6 BSV 1R %58 55 7 25 2L (K 4 v
PHE G A BSV M-S 8UER FHE BN T BSV K
DX . 22 T S0 4l AR PCR RERS I35 27 46 0 4 7
5 P AT PCR A I 42 A Y e o 1 58 45 0 0 4 & i
Sfe 0T A i IR 1 BRIV T VA A G 0 9 7
I, AW 5% 2 37 AN [R] BSV 19 £ 5 9 5 4l 3K PCR K
W75, AT AR E 4T R A AR A S i R I, £ i A
FEPl (A R 2 e
1 MRIEFRE
1.1 FERKF

DNA i T g F RARAE AR (650 A BRA F .
2 Surper Taq PCR StarMix F1 pMD18T #&{A& 14 [t
RO A R A BRA F] (Genstar) . 250
PUINLIE R 2B e LR S A7 . A M E [
MBI A YR A IR FD
12 SI¥igit54mK

Z:7% Li %O BSV AR 51 X84 0 L AR 4 NC-
BI GenBank %4 £ o' BSOLV (GenBank % 5% % .
KJ013506) .BSGFV (GenBank & 5% 5 : KJ013507) .
BSIMV (GenBank % 5% %5 : KJ013508) 4= & L[4, |
A Primer Premier 5.0 4435 i Bk 3R BSV (1
Frtbeg 9. SIshE TAEY TR (R B A
BRI G . BARG )75 W3k 1.

1 SHEEZSFSNESNESY

Table 1 Specific primers for three species of banana

streak virus

5% J¥515'-3' PR /bp
Primers Sequence (5'-3") Product size
BSOLV-F GAAGAGCATGGGCCTCAGAA 744
BSOLV-R CGCATGCCTTGCAGATAGTC
BSGFV-F GCCTTCATGACCTGGCGAAT 480
BSGFV-R ATGTACGGGTGTATTGCCGC
BSIMV-F TCTTAGACACAGGAGCTGCCA 256
BSIMV-R ATTCCTCCTTCCATTGCACG

1.3 HREHKPCR REERE

HO.1 g FomA 1 mL B 28 ik, 76 40 BF S I
2.0 1 min(12 000 r/min, 4 °C) , 153 FH4E 0 . o
1:1 000 # B 1) 22 v b S bt i v 0 vk /48, 378 30
pl, 37 CHFHE 2 h(ali 4 Cid %) ,PBST & 31k .
B30 pL ML W 2= NI b, 25 (A X IR K
ddHO, N F 2 h(54 Cal %) ; PBST Y%
3, ddH,O P& 1 . A 30 pL. DNase mix (3 pl.
10X buffer RDD, 3 pl. DNase [ , #h £ 7K % 30 pl.) ,
37 ‘CAL PR T hiM AR A AR Y B 20 DNA . DNase |
£ 95 CF K3 10 min'"*' . ddH,O P 1 k5 , 1%
T PCRY H . HREiik PCR WK R N 20 pl:
2X Surper Taq PCR StarMix 10 pL., [ 51 P24k
JE¥ 4 0.5 pmol /L, ddH,O M & % 20 pl. [ h; £
794 °C BAEYE 2 min, 94 “CAEPE 155,58 ‘CiB Ak 15 s,
72 CHEM 15 s, JEFRECN 40572 “CHRAFEA 5 min.
1.4 ZEREZMHIKPCREN A ERNEIMMAENL

FE G RE A 3R PCR A AL - # 57 £ e il 3k
PCR, X H S g i A1k . #5514 BSOLV-F/
R.BSGFV-F/R.BSIMV-F/R #Y 2 #e B 1% & 5> Ab
AT 51k A AL , 2990 24 (pmol/1) £ 0.5: 0.5:
0.5.0.5:0.25:0.5,0.25:0.5:0.5.,0.5:0.5: 0.25,0.25:
0.25:0.25, Xf 2 & S 2 i 3 PCR IR JCR B2 #1700
k3B SR 43 91 55~65 °C, PCRFZIHI1.5% 1Y
BEMETHAT FL KA
1.5 RS

SRy RGN 2 ER S BE A AR PCR A A 28 145 S5 e
Y CMV &AM MR & 5, I R &
AT 22 R 3K PCR U, fd B A9 B4 PG A2 0 Jopl
PR A B X R
1.6 REESH

R A3 AT 22 T o PE A AR PCRAG TN AA £ 1 52 b
XA G 3R BSV A FE 0 B A4, 10 %546
JE i R 1 HEL 4R W8 B S 0 ) i AT 2 A g A AR
PCR. ¥ 0.1 g/mL M4 W 3547 A [A] 6 B2 i B < 100
mg/mL., 10 mg/mL, 1 mg/mL. 100 pg/mL. 10
pg/mL 1 pg/mL, BB B2 B8 R 2 0 43 il #E A7 7\
W P DNase [ A3 FI PCR A S %
AR T 41,37, IMEAL ) £ B el 35 PCR
SR ZRHATY 4
1.7 ZEGRHIKPCRIVAEA

AP ] SR £ 5L AT A i R 7 7 5 A A 5
FE S R AR AR IS 19 2 5 G 5 3 4K PCR #E 47 A [WH]
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BSV il . PCR ™44 7 BERE LUK , XT84 B /Y R
Bt AT U I, I 1= ik A AR A R
AL ) BEATIN T o X 45 S AT 43 BT e X, DA
B Uk 75 4 B I ) BSV .

2 GFR5HMH

21 ZEREHKPCRENERMNMELFIFHE

UGBSV I F AR W & /N 5, 401
FIH BSOLV .BSGFV I BSIMV 3 i 2 i 45 2 1
1Y) AT S PE i K PCR ™3, AR 9 1 ) 744,480,
256 bp £F & T K/ e S M 2l (& 1) o FE S
i3k PCR K I A4 & i 6 al |, #5722 1 S R4l 3K
PCR AR Z , %5 | 0 200k i R IO JE HETT R4k .
S5 NIR  3XR SRS | AN R] LA 3 7 ) A A
K W, 4 5] ¥ BSOLV-F/R., BSGFV-F/R,
BSIMV-F/R A 735124 0.5.0.5.0.5 pmol /L B,
P 3R EERY B ST LRI SE (B 2) o Rk
TEE Ry 55~65 “CH, By a4 38t H B9 454, 76 61 Fl
63 ‘CHT, £ H 1 2%l 35 A R0tk 820 B 2% 52 B 1L
XSy A AR KO T BB AT B A R
WD AR R SR TR 63 (O b 2 EH e il
3R PCR Ay e R KGR (18 3) o

M 1 2 3

bp
8000
5000
3000
2000

1000
750

500
250

100

M: DNA 43 F B 77 DL 8 000 DNA marker ; 1~3: 43 5l e
BSOLV BSGFV BSIMV {4 % # # il Banana samples infected by
BSOLV, BSGFV, and BSIMV, respectively.

Bl Bx59HEEREIK PCRIGN
Fig. 1 Immunocapture PCR detection with a single
primer pair

22 ZERRHKPCRERNSRME

Fe eI 45 R TR A AL R = X CMV
12 G ) B FE LA B (gt 1) T2 D A2 R AT 2 3 S e il 3K
PCRY" 14, ANREY 10 H B9 5%, 10 BSV FHIPERE &
RS 3G HRAR N Y H A 450 (B 4) BB i 2 A
FER AR PCRAK 22 HA BP9 R Sk

M: DNA 43T B AR #E DL 2 000 DNA marker ; 1~5: BSOLV-
F/R:BSGFV-F/R: BSIMV-F/R 5| ¥ 23 J¥ (pmol /L) L4351k
0.5:0.5:0.5,0.5:0.25:0.5,0.25:0.5:0.5,0.5:0.5: 0.25,0.25: 0.25:
0.25. Final concentration ratios of primer BSOLV-F/R: BSGFV-F/
R: BSIMV-F/R were 0.5:0.5:0.5,0.5:0.25:0.5,0.25:0.5:0.5,0.5:
0.5: 0.25,0.25:0.25:0.25, respectively.

2 AESIMKENSERERHIKPCRER
Fig. 2 Multiplex immunocapture PCR results with final

concentration ratios of different primers

M: DNA 43 T i & 5 # DL 2 000 DNA marker; 1: 65 °C;
2:64°C; 3:63°C; 4:61°C 5 5:58°C; 6:56 °C; 7:55°C.
3 AEBRNEENSERERIKPCRER
Fig. 3 Multiplex immunocapture PCR results at different
annealing temperatures

+ - CK I 2 3 4 5 6 7 8

M: DNA 43 F Bt hr i DL 2 000 DNA marker; +: 824 3
Fi BSV 9 7 #£ #: 4 Banana sample co-infected with three
BSV; —: fit 1Y B4 76 2 Healthy Brazilian banana; CK: ddH,O con-
trol; 1~8:/&Y CMV Y I P £ Banana samples infected by CMV.

4 ZHEEEFHKPCREFRMEKR
Fig. 4 Specific detection of multiplex
immunocapture PCR
23 SEHREHEPCRUR G
RGP I 25 R WoR 7 1Y 2 R A R
PCR J7#5 M 1,10 Al 100 mg/mL #8148 % #5 fig
PHG R H RS (181 5) , RUZZ 8 R Eiik PCR K
AT ARG ) R A R 1 mg/mL 14 B R
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M: DNA 737 B 451 DL5 000 DNA marker; 1: 100 mg/mL;
2:10 mg/ml;3:1 mg/mL; 4:100 pg/mL; 5:10 pg/mL; 6:1 pg/
mL.

5 HERERIKPCRAREE®R
Fig. 5 Sensitivity detection of multiplex
immunocapture PCR

24 SEREHMKPCRAVHIEMNEA
M ] SR 45 48 - R 9 A A5 RE 5, A AR AR R
() 22 1 5% i 3 PCR R 2 K I 75 22 R 5 p 3 Fp

- 1 3 4 5

BSV, Xf PCR =¥yt — LM ¥ Bk . 4528 (18 6) &
B RR L2 3 93 4l UL AR 120
Bk 3 MR R . BEAR 5,10 13 A 154 4 ) oo —
M RS 5 MR BSOLV , FE 4k 10,13 F1 15 1 24
MY BSGFV., #dh 2. 36 BEY I 2 5 H A 2%
ML REL 2 F13 0 BSGFV HI BSIMV & A L B 5
6 & BSOLV FMIBSGFV & &Yy . #dh1.4.7.8.9.
11 A1 14 3 BSOLV .BSGFV H1 BSIMV & & B4 .
PCR 7= 9 J3 L X 45 5 s, e 3 3% BSOLV 5
GenBank H' BSOLV # 11 12 /3 4 [A] . % 2k 94.08 Vo~
99.87 % ;BSGFV 5 GenBank f BSGF V & 417
TR K 99.76%~100%; BSIMV 5 GenBank
BSIMV % H 274 [R5k 95.87 6~97.71 % Kl
SERIRW] HT 1 Z FARPEAR PCR T I REIS IR M b 7
iR [F) 75 25 AR B P 9 BSOLV . BSGFV HI BSIMV

e, HIE AR Z WA BSV 2 A8y
7 & 9 10 11 12 13 14 15

M:DNA 2 FJF bR DL2 000 DNA marker ; 1~15: & #EFE i Banana samples; —: {@t5E () I V5 £ Healthy Brazilian banana; -+ : & /8

U 3P 7 A9 7 AE AR B Banana sample co-infected with three viruses.

E6 FHASESREMKPCRORUEERER
Fig. 6 Detection of banana samples by multiplex immunocapture PCR

3 i it

ZH PCREARC 12 b H T Z R P00 8 1A
) {ELE L 775 27 45 45 22 3 PCR 3 AR K 1 75 #5975 75
FIRIEAZ . — D HAH B PCR VAR R 75 4% 5
YIF 5 A A i 5] B AR TR A A A il A T 25
B, S IE AP ST Le Provost 418
ST T 22 R A AR PCR RS I i 25 2% BSOLV .
BSGFV #IBSMYV, 3 FI ] Musa P50 bric 5 TR
A A5, A ) VR 45 R 2 5 A B T A T T 3
DNA [iff 4b B B & A L AL = A B BHPE . B4
JHE A 1IN A B R 3 PCR R B 33 PCR J 36 6 0 K e
20 TR A TR R OME AT H, R B e B A AR
PCR J7i% H B # PCR 7 K6 0 R A vy, HL R 2
R el 7k PCR AR AR AT PCR AR AS[R] , e e Jifi
3 PCR B4R & X B 3 . Kim 2520051 ] 2 0
RER AR RT-PCR K I BRARUR BE RO B , BE A I 15 10
mg/mL K 5 R, AR B 58 ST A ik AT A

1 mg/mL FrRERE G T S 7 LU ARG IR 0 B
B R AE R R AR Y 25 5 T B 5 RE S R
WA X,

AHEFEEE A MW B DL Hili 4R 1) 993 35 KL
TN AR, BB B DR S b N B AR RS I
BSOLV .BSGFV 1 BSIMV 3#J5# . ik £
FAPEA AR PCR BV Y B4R ARIF 5T #5711 3%
TR 7 B T A A ) 22 B SR AR 3K PCR JT v, W LA HI
V) 5 AR St A TR, LA R P e S R
A Ry I T ARSI R 4 B A AR S
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Establishment of multiplex immunocapture PCR for
detection of banana streak virus

LU Yongsi, LIU Runpei, RAO Xueqin

College of Plant Protection ,South China Agricultural University/ Guangdong Province
Key Laboratory of Microbial Signals and Disease Control , Guangzhou 510642, China

Abstract To improve the diagnostic efficiency of banana streak virus (BSV) and promote the
healthy development of the banana industry, a multiplex immunocapture PCR method was established for
the simultaneous detection of BSOLV , BSGFV ,and BSIMV by optimizing primer concentration , annealing
temperature , and other parameters. The specific primers were designed based on the conserved sequences of
the coat protein (CP) gene from the banana streak OL virus (BSOLV) and banana streak GF virus
(BSGFV),and the RNase H gene of banana streak IM virus (BSIMV ). The viruses captured by the BSV
polyclonal antisera served as templates. The results indicated that the optimal multiplex immunocapture
PCR used to detect BSOLV, BSGFV, and BSIMV was achieved with final concentration ratios of 0.5
pmol/L: 0.5 pmol/L: 0.5 pmol/L for the upstream and downstream primers of BSOLV , BSGFV, and
BSIMV , respectively , with an annealing temperature of 63 “C. BSOLV ,BSGFV , and BSIMV could be de-
tected from a crude banana extract of 1 mg/mL by the multiplex immunocapture PCR method. There was
no cross-reaction with the cucumber mosaic virus (CMV ) , which causes symptoms similar to those caused
by BSV. Fifteen field samples were analyzed using the multiplex immunocapture PCR method. The results
showed that the banana samples co-infected with BSV were distinguishable , and the amplification products
of BSOLV,BSGFV, and BSIMV were confirmed through sequencing. The nucleotide sequence identities
of BSOLV, BSGFV, and BSIMV exceeded 94% when compared with the corresponding nucleotide se-
quences of these BSVs available in GenBank. The study demonstrates that the multiplex immunocapture
PCR method exhibits high sensitivity and specificity , enabling the detection of the three BSVs in banana
seedlings and field samples.

Keywords banana; banana streak virus; multiplex immunocapture PCR ; co-infection
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