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HREZYE% (Bunchy top disease of banana)
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BELEAMEE Y BERBERE YT
RS R B KR AT RPN E A E R
grimiE TIREE ) MR HEBREEEK
FH & 9B % (Sun 1961; Tsai et al. 1986) - &
EZ W53 (Banana bunchy top virus; BBTV)
ZIiREBAAME N T E RS R IR - & %
5 5 B8 (6-8) » 175 A IR A ssDNA (circular
single-stranded DNA) » H{& 18-20 nm (Burns
et al. 1994; Harding et al. 1991; Vetten et al.
2005) - Ay F % R 0 22 4 W 8 A AE 1889 £F
HY2ER - BIfE FE R EEZ SR M A IE
M~ KN SENBREEE - HA - fE
RBE ~ JEFE S (Wardlaw 1961; Manser 1982;
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1997) » 75 B 25 40 9 5 1 R e B e 2 Y 4 %
B - GEPEE HERRT  PEEE SR

R o
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BRZH S m B U TR - PREHHR4AY 1 mo »
W RK/N—2 BEN B3 EEEEAE (12
MS salt, 340 mg L™ NaH,PO,+0,0, 160 mg L'
adenine sulfate, 3% sucrose, pH 5.5, 0.7%
agar) > 2 25C~ 12 h BRI T & - £F/)
EEERE LR EEN 3 NARERES
B ZS5wkit  EHERZEHREL 10 cm /£
H o 45 R AR > B S — S H R
/N e T PR R -

BBTV ~ HEMILKH (Banana streak vi-
rus; BSV) KsH Nk &R 5E (Cucumber mosaic
virus; CMV) » 5 35 77 MR R B 55 1 3t & 7 £
o Hrh BBTV DAREFEITE BRI E ER -
BEZE WikE JEE8F > SHEHREL
PCR 771 & » PCR EY) & & % & & J7 1
B EIEE > WEAHEEEE - HYAER
= DNA fYZHY » &2 {# ] Plant Genomic DNA
Purification Kit (Protech, Taipei, Taiwan) » Z£
WA RIEm T MERE - BEESEBES
RIEE T BENRE CRE 25-28C) « K
kBB (F R P 2 FE0F (P nigronervosa) HU
BT BT R & g 2 2 5 B P 42 ) 5% 1l 4 B e
i - &5 FIH PCR Ul E BT RS N EV T 515
oo HESERENEEY AR EHE -
WEBENEN G hET R A8 EEY
Rtttz FHEREMET - (REFEFEED
e A - AR ER it #T
R RE  BB R EETENETNE
WA BBTV REfsta ik - SEREFU HUK 3 48 h »
P& PCR i I E VT RE N 5B 15 - A
WF TR R (R - Al B A T
HE - BEEEENEREEETRE - ETHE
T 1% E HAE %2 2 mo fHPRREL » A DL PCR VA K
real-time PCR jE#H] -

EEMEE DNA 241

5 18 P 4 4% DL MasterPure DNA 4 b &
20 (Epicentre, Madison, WI, USA) Zs Hy 44 #&
DNA » 2RAH{LEHFTHT AR B - SefEEL
mg TE YA A - o O RE S S 2 I B
K AGIR - P 52 Y 558 4H 450 KL 300 pL Tis-
sue and Cell Lysis Solution £ 1.5 mL {i§l & &

rere

]

68 % 511

DEHHERSG - BN 65CNKRE 15 min
5 min EE 1 R - |MEFREZERALAE  MA
1 pL 5 pg pL”"' RNase A A 37CKZE 30 min -
B E B A 150 uL MPC Protein Precipi-
tation Reagent &= 10 s » #3 L > 10,000 g
#Eo0 10 min > U7 HY U E R 2R E RO
& e LA 500 pL Isopropanol » | EE R &
40 K 1% > > 4°C F > 10,000x g B Lr 10 min o
Bl F3ER > A 75% Bk UEZBES
DNA JJUEY) « B2 4CT > 10,000x g L) -
hr LiERE - ER 1R - TR REE
& » Sl A 35 uL TE buffer [BJA708Y) -
5|55

FH GenBank & K} i 1 # = &5 & i 1% (Y
BBTV 4Bk - &8 ClustalW2 (https://www.
ebi.ac.uk/Tools/msa/clustalw2) tE¥ FE% 2 5
(R A 5K > &% &t 5] F #5 (H Primer Express™
(Applied Biosystems, Foster, CA, USA) fx#e
et MBS |1 & R AZZ ST Bio Basic A H]
(Bio Basic Inc, Markham, Canana) fi &k (FF
FlEEa R 1) o RN 2 & B {0 Ay & B R
#t > 2K H Biosearch Technologies (Petaluma,
CA, USA) - Ot P ol a HE— 4 &0
BBTV DNA-S AY coat protein £ [R ¢ %1 » #£
$T HY 5 I 12 ¥ TAMRA (Carboxytetramethyl-
rhodamine) » H 3’ I {2 72 BHQ-2 (Black hole
quencher-2) » #H PCR FEHRE — KA 1 K
BOCAS IR A B S U S e 1 E Y 4R

=

.
PCR

g batss it 2 5+ # 17 PCR > PCR [
JE &t 7 By ProTaq'™ Plus [ JE & 4H (Protech,
Taipei, Taiwan) » L BBTV-M-526F {1 BBTV-M-
526R 5|#E{T PCR [ JE » SZFEMR(F Ry  95C 3
min ~ 40 {EJ5EE - 95°C 30 s ~ 55°C 30 s f1 72C
30s° Z7% > 72°C 5 min f1 16 CEE > i
WY 7 B SR JE I #LHS pGEM-T Easy (Promega,
Madison, WI, USA) » AGEERI A Escherichia coli
JM 109 (Promega, Madison, WI, USA) » DLf#
ZX BBTV DNA-S 7 plasmid DNA ‘& {EfEN -
PA'5 ng plasmid DNA E(fE?) DNA Ff&EfR - £
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1. ARBATER 25T B R -

Table 1. The primers and probes used in these study.

Accession Name Nucleotide Amplicon
Target number  (primer probe™) Sequence 5’ to 3’ position size (bp) Modification
BBTV EU366171 BBTV-M-526F gaaatcaaccagccgactaca 497-517 526
DNA=S BBTV-M-526R  ctggccecaccactaaagtggtgg 1023-1035 526
BBTV-Q-82F ggcaacaagccacgacta 310-327 82
BBTV-Q-82R cagtaggctcaatcctaaatacc 370-392 82
BBTV probe tcgtegttaggatcaatattggttce 329-354 5>-TAMRA?; 3°-BHQ2”
Musa HQ853254 316
i;:l;anznate 316
UBQ2-Q-84F getccgacgeatgtatgaaac 1298-1319 84
UBQ2-Q-84R  ggaacccacattaccacctaagtct 1358-1383 84
UBQ2 probe tcaggagccattctttaatgcagea 1323-1347 5’-FAM; 3°-BHQ1

“ TAMRA: The 5-end of probe was labeled with 6-carboxytetamethyl-rhodamine.
¥ BHQ2: The 3-end of probe was labeled with Black Hole-2 quencher dye.

HUAG T 25 uL s R T #EA1T PCR > HUA R
&7 2.5 uL 10x PCR buffer ~ 2 pL 2.5 uM
dNTP ~ 2 uL 10uM 5[5 ~ 0.5 uL ProTaq DNA
polymerase » K7 JFE& {6& {4 B 94°C 3 min > 95°C
308 ~56C30s~72°C 40 s> 35 HEE

1% L. 72°CKZ E 6 min - PCR #2885 Veriti
Thermal Cycle (Applied Biosystems, Waltham,
MA, USA) - HUS puL PCR EP)#EAT 2% B
& » LA Ethidium bromide (EB) Z:tai% »
Ultraviolet (UV) S BARIG 73 A7 &5 5 -

BFS=EEEE PCR

Real-time PCR fZ FE & 7 & KAPA probe
fast qPCR [Z [ £ 4H (KAPA Biosystems, Wo-
burn, MA, USA) > ffi F§ 5| T ¥} & BBTV-Q-
82F/R B UBQ2-Q84F/R » {# ¥ $t & BBTV
probe (BBTV-p) A1 UBQ2 probe (UBQ2-p) °
2 0.2 mL £ & & LB o J0 A S ng plasmid
DNA - #4 %) DNA % & # » 2x KAPA PROBE
FAST gPCR Master Mix 10 uL ~ 10 uM 5[ F- 1 pL ~
PREt 1 L > GEAGHE 20 uL - HEfT PCR fOfE - ffE
&£ 94°C 3min 5 95C 35~ 60C 0> 340 {f
G123 - Real-time PCR 455 /& ABI PRISM" 7500
Sequence Detection System (Applied Biosys-
tems, Waltham, MA, USA) - threshold &, base-
line 28 s E R R H B HIEE 7= -

{SH BBTV EEUE 58

Ry oy M AR T A s st 2 BR et 5l 2 8
B DL BBTV-Q-82F/R Bl UBQ2-M316F/R
SIF7% > LK BBTV probe 1 UBQ2 probe £
$1 /T PCR [ JE - SZFERR: R+ 95C 3 min »
40 {EEERAY 95C 30 s ~ 55C 30 s f1 72C 30 s >
72°C 5 min f1 16°CiEE * #F plasmid DNA #7T
10x 51 #5 ¥ 1% - FIl ] 4% PCR J real-time
PCR #77:05% - 5 BBTV DNA-S plasmid DNA
i 2 & A 1.14 x 10° BBTV % [A copy #
£ 1.14 x 10" BBTV % [A copy # 2 & ¥ #
£ (-log) #i real-time PCR 2 % Fir s 5 4 4
& Ct{E » BU/EREAEdhaRIE - BRI iR
DNA RS B BIE - 4eEER Ct{E » B
T 3 IR R CtH » AR
Ry DNA JRIEEL Ct {5 B~ &1 [mIER A -
EEMET BBTV ZEEDT

HE BBTV IE B/ EHG T M2 1B
HFTE BBTV R HERIME N A - & FFERE 2
mo 1% > HURENR 2 B 6 09K [E B0 AL 93 A1 By i 3
(Bf) ~ (M) ~ BfRE - TRERR  #
T35 DNA ZHL - gH%EAE I 2 442 DNA R
f& B 5 ng > Dl real-time PCR #{TE & 947
e 3 HE -
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FHE BBTV 188

REHMRE Z B EMR - BUEHSY
10 mg | MasterPure DNA 4i{E &4 (Epi-
centre, Madison, WI, USA) ZZ {44 & DNA -
BRI IR ET AR LT A T R bR 2
DNA #{T PCR % real-time PCR JEf& ] -

WHR

BBTV E—*FiEs

KekERtb ¥ &7 BBTV sk B 2 S R
5 (& 1) - et 5| FHEERE 5% | it -
R A 598 2 qPCR ¥ BBTV & & HEH—
Mo (HH qPCR JAWMIE RS BBTV 2 BEE K
LHERAIRZEE ZE ) - [EIE DAfE 4R PCR M ELER -
f#4% PCR E 4 526 bp 2 BBTV BE—{4: g H

68 % 511

BREY) - BRRSRBEIK T - SR HEYR
INFETRMIR/N © SEBI AR BERE B0k > A 45 SR B
7T » f# BBTV E % DNA K BBTV [ i
14k DNA i3 526 bp V) B > HH CMV
cDNA ~ BSV Fift 2 & R (R & A B SR
(& 2A) - qPCR A g Ml BBTV {3t 2 & & 4
& DNA » & qPCR &5 5% > £ BBTV H g
DNA K BBTV [t 2 & £ 4 &% DNA H{ 3 &R
%t > ¥ CMV cDNA ~ BSV i3t 2 & & ke [
MEEGENLE (H 2B) - b EHisER - R
AT EET 5T 0 FE H 4K PCR & qPCR X
¥ BBTV A =EH 1% -

BBTV EHE AR
FIIF BBTV Fi#G DNA fE Ry st B 2 #%k

M > IR RE 5 ng BEARAE 2B 10x T FE
& » I PCR J& qPCR EHETT 5387 > ELEZ I

BBTV-82-F
KM607468.1 GATCRAGAAGAGGCGGGTTGGCAGGAGGAAGTAT GGAAGCAAGGUGGCAACAAGCCACGACTECITCGTC
AF148942.1 GATCAAGAAGAGGCGGGTTGGCAGGAGGAAGTAT GGAAGCAAGGUGGCAACAAGCCACGACTACITCGTC
EF095164.1 CATCRAGAAGAGGCGGGTTGGGCGCCGGAAGTAT GGCAGCAAGGUGGCAACCAGTCACGACTAICITCGTC
DQB826393.1 GATCAAGAAGAGGCGGGTTGGCAGGAGGAAGTAT GGAAGCAAGGUGGCAACAAGCCACGACTAICITCGTC
KM607541 .1 GATCRAAGAAGAGGCGGGTTGGCAGGAGGAAGTAT GGAAGCAAGGUGGCAACAAGCCACGACTACITCGTC
KM607540.1 CATCRAGAAGAGGCGGGTTGGGCGCCGGAAGTAT GGCAGCAAGGUGGCAACCAGTCACGACTGECTCGTC
KM607524.1 GATCRAAGAAGAGGCGGGTTGGCAGGAGGAAGTAT GGAAGCAAGGUGGCAACAAGCCACGACTAICITCGTC
KM607516.1 GATCRAGAAGAGGCGGGTTGGCAGGAGGAAGTAT GGAAGCAAGGUGGCAACAAGCCACGACTACITCGTC
KM607515.1 GAGCRAGAAGAGGCGGGTTGGCAGGAGGAAGTAT GGAAGCAAGGUGGCAACAAGCCACGACTECITCGTC
EU366171.1 GATCRAGAAGAGGCGGGTTGGCAGGAGGAAGTAT GGAAGCAAGGUGGCAACAAGCCACGACTAICITCGTC
cons * hkkkkkAkkkk kAR kkkk*  *  KhkAARAAA A Kkkhkk kA rkkkxkk Kk KAk Ahk Kk [kperxxs
BBTV-82-probe BBTV-82-R
KM607468.1 TTTAGGATCAATATTGGTTCOIGARAACACCGTC GTATTTAGGATTGAGCCTACTGATAARACATT
AF148942.1 GTTAGGATCAATATTGGTTCQIrGAAAACACCGTC GTATTTCGGATTGAGCCTACTGATAAAACATT
EF095164.1 GTTAGGATCAATATTGGTTCQIrGAAAACACCGTC GTATTTCGGATTGAGCCTACTGATAAAACATT
DQ826393.1 GTTAGGATCAATATTGGTTCOIGARAATACCGTC GTATTTAGGATTGAGCCTACTGATAAARACATT
KM607541 .1 GCTAGGATCAATATTGGTTCQIrGAAAATACCGTC GTATTTAGGATTGAGCCTACTGATAAARACATT
KM607540.1 TCTAGGATCAATATTGGTTCQIrGAAAACACCGTC GTATTTCGGATTGAGCCTACTGATAAAACATT
KM607524.1 TCTAGGGTCAATATTGGTTCQTGAAAATACCGTC GTATTTAGGATTGAGCCTACTGATAARACATT
KM607516.1 TTTAGGATCAATATTGGTTCOIGARAACACCGTC GTATTTAGGATTGAGCCTACTGATAARACATT
KM607515.1 TCTAGGGTCAATATTGGTTCQIrGAAAATACCGTC GTATTTAGGATTGAGCCTACTGATAAAACATT
EU366171.1 GTTAGGATCAATATTGGTTCQTGAAAATACCGTC GTATTTAGGATTGAGCCTACTGATAARACATT
cons Fhhkk kAR KA K KKK K APk A kA K KA KA KA A A Ak Ak kk Kk kA AR KA KA A KAk APk A dk kA kK A

il 1.

A5 B (8 F 1Y real-time PCR 2 5[ 7~ B 8 $f » BBTV ¢ 5 EL ¥ i £ % F 73 7 £ Accesion no.

KM607468.1 ~ AF148942.1 ~ EU366171.1 ~ EF095164.1 ~ DQ826393.1 ~ KM607541.1 ~ KM607540.1 ~

KM607524.1 ~ KM607516.1 ~ KM607515.1 -
Fig. 1.

Sequence alignment of the BBTV CP partial protein gene regions showing the locations of the primers and

probes used for qPCR amplification. Accession numbers for the aligned isolates (top to bottom) are KM607468.1,
AF148942.1, EU366171.1, EF095164.1, DQ826393.1, KM607541.1, KM607540.1, KM607524.1, KM607516.1, and

KM607515.1.
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Cycle

2. {#Fd polymerase chain reaction (PCR) (A) # real-time PCR (B) {2:}| Banana bunchy top virus (BBTV) 2
—MEElEE - 1:BBTV /&S DNA; 2 Fi2 BBTV THAEZEAA SR 3 1 F2 Banana streak virus (BSV) TEETEAHEE 4

Cytomegalovirus (CMV) cDNA ; 5 @ {#EE&HA ;| N @ LI EIE4H (no template control; NTC) 5 M : 100 bp

DNA ladder

Fig. 2. Specificity test of polymerase chain reaction (PCR) (A) and real-time PCR (B) for detection of Banana

bunchy top virus (BBTV). Lane M: 100 bp DNA ladder; lane 1: cloned BBTV DNA-S plasmid DNA; lane 2:

BBTV-infected banana leaf tissue; lane 3: BSV-infected banana leaf tissue; lane 4: Cytomegalovirus (CMV) cDNA;
and lane 5: healthy banana; and lane N: no template control.

TEfHE 2 BEUE A= - 455 EBUR  #4% PCR
V5 &8 A B B Kk oy i 0 S Y 526 bp
BBTV B — %8k 7 B Al (R AY a2 ROR
B 1.14 x 10° BBTV CP £ [ copy # - (iR
qPCR 73 Afr4h 3% » I eI i (OB B 1.14
copy ¥ ([& 3A-3B) - &L h R4S AR - 18
KHl BBTV Z 8% | » real-time RT-PCR T f%
B (75 55 % /5 F1] 1.14 BBTV CP A [A copy
%> {# A PCR Il ] fg 0| 2 % (K 95 35 DNA &
FEJ‘% 1.14 x 10° BBTV CP A copy % - HH |
A &E &R 0 A qPCR Al BBTV E A8
DNA 7 BHE - & A E4 PCR A 1,000 {5 -
i qPCR JEFTHIEG =~ 45 5 g BUREAE 47 > AL
R Fy Ct{H > 1B AE /% BBTV H 3 DNA JBE

HEHEE (log) > FRIEEEMGHTESLR Y
= -3.1097X+ 39 424 > R*=0.9959 ([& 3C) » E
=95.9% - FitiEpa&E R - FERREEWNE
B -
E=RNEEE =it

AR Y ] e i R e el B
%2 mo KIVEHAREY » &AL 10 cm /£
Ao B ER B 5 S0 & 2 R R 80%
CRINNEER) - @RS L& EE K
KMERBEBHHAGRBEEY - hEBEE
J& 2% BBTV [ 955 35 75 TE MR #S N B9 43 AR AR
ARl KPR 2 B EERAIR - E{r R M
fERES ~ B BE A U 1 R S (I R
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& 3. Fl|FH polymerase chain reaction (PCR) (A) Fllreal-time PCR (B, C) J5%4& M Banana bunchy top virus (BBTV)
AIEERUE R - (A) PCR BURER4S S » 1-10 f5 BBTV DNA-S B8 DNA 4% 10x Z51F5E (1.14 x 10°-1.14 x
10° copy no.) ; N : fEAZ A EE4H (no template control; NTC) » M @ 100 bp DNA ladder ; (B) real-time PCR
HERER4E S > B BBTV DNA-3 E#% DNA 845 10x 25§72 (1.14 x 10° copy no—1.14 x 10° copy no.) ; (C) real-
time PCR ZXBa&E SRAVIEEAERNSR & 4itlh @ Ct{H 5 /KSFal © BBTV B #g DNA [F5I#% log copy number & e

Fig. 3. Sensitivity test of polymerase chain reaction (PCR) and real-time PCR for detection of Banana bunchy top
virus (BBTV). (A) Amplification of 10-fold serial dilutions of BBTV plasmid DNA (1.14 x 10° to 1.14 x 10° copy
no.) by the PCR and analyzed by gel. Lane M: 100 bp DNA ladder; lane N: no template control. (B) Amplification
plot of 10-fold serial dilutions of BBTV plasmid DNA (1.14 x 10° to 1.14 x 10° copy no.) by the real-time PCR. (C)

The standard cure of 10-fold serial dilutions of BBTV DNA. The regression equation is Ct = -3.1097 x log (no. of
virus copy) + 39.424.

RSB MO RN © DL QPCRIEH#ET Y BRl@Bdmpay iR di R A EESA ST Z
fr o AT Ce 8 > 5 A& SUZSl  BBTV copy number (copy no.) » 73 Al By 5 1.63 x
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10° copy no. ~ i 1.00 x 10' copy no. ~ %
2.20 x 10° copy no. ~ | fi§ € 1.72 x 10° copy
no. (% 2) ° {1 PCR fig ll » & ~ TR
A EREE DR ER A ROHEI BBTV (%
2) e

AR S slEE

F F {8 4% PCR K qPCR 3£ % 31 Fsf 52 {01
B2 BBTV 2 & £ £ & B L5715 20 1%
HEEEER » KL% #ETT PCR 4y
Mre M4 M4 PCRAMEB THRAR
BBTV - 1fif qPCR AT 9 #kE A BBTV
Fu o {HH PCR & H % K 35% 5 {1 qPCR i#
R Ry 45% iz tft BBTV (3% 3)  #1/R PCR |
qPCR % » B 0] i fa il FH RS2 BBTV B2
AHHEMENE > {2 qPCR 8 R EEHL -

E:_I-EA
& af

TREBREGERE R FPFRAEEETEDN
BIR & A 5% B/ EZEEH (Burns 1994) - HFE
ZHEH BB RAGIERE - ThEEE RIE
BB — FHYEEBEARERG  HE
EEBLR 218K o R ERE )T FEK
FH PP 7 A bR 2 e 1 B T 2 O S B A FH 4
BB ERE - BT BEHE T EaEY
TEH G ~ RESETER > WiER BBTV
SIEHRFURITNEME - BRIPETE » FEE
RiFEEEHBEEE  #ERFENTHEKE
A MRS E e Y ERRENERESE
M FAE I ERRE S o By T R
T 1 R %% B G S 5T BBTV & & 2 MHREIH %S -
A B % — & BBTV #1E i f2 & BBTV #

— M HERUE s Bl - BB ER D
BBTV & fE i % 2 i 28 f 30 B i 3 2 (R R &
BEA IS -
5 BBTV & H 2 fa L ff B (i 0 220

Hh > ZEFIRLEE )T E - FAE 1995 FE4R
PCRJAE#3%fE (Xie & Hu 1995) - (i Tl
Ikf 8 )¢ 7€ 82 PCR VA » TR 50 gl L o 55
(Chen & Hu 2013) » Chen & Hu (2013) B 2%
2 BB B 5 & PCR % - AT#EIEMY BBTV ¢
S Fs CP AR - Fraeat 0y EYITHII R /N Ry 155
bp - REE IEMES E 58 BBTV U FE - A
WgepraEt VAR R E B8 - [EEREERE
CP ANEAE S ERE A - Aragat iy EY) ]
RNy 82 bp » K Fi 8 AT R R A R AR Y (&
AT MR - &S REUR » AR ELEE
PCR VAR IEMERMEZ 2 BBTV » G FEAIHT
= 2 3 {8 BBTV itk BERARER) > WA
Bl {f [ & M MR S JE - Chen & Hu (2013) f
A BBTV {7 AP - HE B R
1 mg-1 ng & » AGERPT 7R EAZERE EAS
BAIE 1 mg > ZFHMHEE - HAWHFRER > B
I O E B Y B BUT I — it PCR BEHUE IR S
#71,000x - fH Chen & Hu (2013) Ayztbadr
PCR BRI 30 E BRI AR B S B
107 Fife £ 22 > 50 Ry EL PCR 575175 7Rl bovine
serum albumin (BSA, 1%) £ polyvinylpyrro-
lidone-40 (PVP-40, 20%) » ] Ji /> PCR -
VIR E A - B A BRI PCR Y RIERR
Bl real-time PCR (Y EE B AHE - #EMH B HH
M2 EEREL > AR AEYAR TS
EySEY1E > PVP-40 B INARA 7] sE#1 ] PCR
ZTHEEM - EBETE PCR Fz qPCR S JEHY
R o HEF ELISA AN B S R4 B R 10

2. EUREEMEAEET 2 Banana bunchy top virus (BBTV) fgoH] o
Table 2. Detection and quantification of Banana bunchy top virus (BBTV) using PCR and qPCR from tissues of

different part of BBT V-infected bananas.

Various part PCR qPCR Number of copy BBTV*
Leaf + + 1.63 x 10°
Root - + 1.00 x 10
Pseudostem (upper) + + 2.20 x 10°
Pseudostem (lower) + + 1.72 x 107

“BBTV copy number was estimated from the dilution curve. qPCR: real-time PCR. PCR: polymerase chain reaction.
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% 3.
(BBTV) Fi4u4E 5 -

HEoesH 1

EL#% real-time polymerase chain reaction (PCR) 1 PCR fgHIFHEIEEE "LEE | #Y Banana bunchy top virus

Table 3. Detection of Banana bunchy top virus (BBTV) by real-time polymerase chain reaction (PCR) and PCR for

naturally infected field banana plants.

Field sample” PCR’ Real-time PCR (Ct)*
Al — —

A2 — —

A3 — —

A4 — —

A5 — —

Pl + + (24.56)
P2 + + (21.74)
P3 — + (35.92)
P4 — —

P5 — —

R1 — + (34.01)
R2 — —

R3 + + (26.98)
R4 — —

X1 — —

X2 — —

X3 + + (20.26)
X4 + + (21.55)
X5 + + (22.00)
X6 + + (19.74)
BBTV + +

HE — —

NTC — —

“ HE: healthy banana; NTC: no template control; BBTV: BBTV cloned plasmid.
¥ PCR results: + indicates a clearly visible band in gel electrophoresis; — indicates a negative reaction.
* Ct threshold values represent the mean Ct obtained after running samples in triplicate. Ct values below 35 are considered to be

clearly positive results.

MR 28 > Chen & Hu (2013) 2 BB ¢ 5E
& PCR AT g il Y BCAME Y5 & > 8% ELISA
% B U S 10,000% 0 [A] [ 7 B Y real-time
PCR f# Jl BBTV 7 88§ ¥ ELISA Fy& © H
qPCR Z BRE A E T » KRB R(SFRH
DNA = A f@ il 2 1.14 copy no. > |fij Chen &
Hu (2013) MYskER45 5 B 2.76 copy no. > B[ {H
MR BAREAE AT - 1A B sE R g -
At7ealEs BBTV #f#RA2 » B4s BBTV
BfE A2 B - HAes T a2 EEEE
e HBERESNRSERIOE B

T 1% 7 TE PR 25 HU 4 % B 27T BBTV A Ml « &%
PCR ELSEAE AR Ik /3 i 4E R EUR » 883 A
5 SV EIRE FH AT 100% FEFEE -
e ZARE P07 2 6 B B 150 5 0 &5 B T I A
H5E o HitRBZEESE/NR S om - 5
BRI > BifE | mo ROV EEY > 5
B AT E EE] 100% (Wu 1987) > B A
EncE RARRT o SR AT 9% HefE IR ] R B A ik
EEAEEHEY 2 mo 0 KINAGEY =
FEAE 10 em /245 - (RIBLIEIRE TS 5 €07 8 2
R 80% » Wi A E] 100% CRAIEER) -
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pEAh o TRl B R R R B A2 > FIFH{# 4 PCR
J2 qPCR JE—{ffg R fE 1% A [FIFHH BBTV %
& & 0 45 R F B {HY PCR K qPCR A B LE
MBI A RIS BBTV - L2 i
M BBTV 555 2 (B8 - o] fE & F-HA T
AT B T 2 AR EE o RISy > HHIEL
B R 2 R [EER AL AT ARON > BURBRIRERSL -
REaE LT - BREHE - R
O] qPCR AR HIH - {H {1 A PCR % HIl i
EHHRE R T £ ¥ 2 BBTV ¢

HEE s iR RE R - HEEEER S
Fi PCR #@ tH % B 35% 5 [ qPCR f i 3 Fy
45% o B 7~ PCR . qPCR £ & |] F 7 a0 H
M5 BBTV | Fs 2 HEMMK - (H{E4% PCR %
M 7 #RE A BBTV » [fi] qPCRETNHITE 9 1
HA BBTV g %% » & qPCR #¢ Fs B2 & - [h45
HLE1 Kumar et al. (2011) BR85S FE 5 £
48 973 1E H T R 2 — AR AE 20-100% HY %% 4= 11
B A 2k H qPCR #i ki » — % PCR
FOEMHTTREEECAEEWRBESEAM  Bn
qPCR #5 PCR (N EBHE B S -
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Evaluation of Real-Time PCR Methods for the
Detection of Banana bunchy top virus

Cheng- Ping Kuan"’, Yi-Lin Chang’, Ching-Shan Tseng’, and Tso-Chi Yang'

Abstract

Kuan, C. P, Y. L. Chang, C. S. Tseng, and T. C. Yang. 2019. Evaluation of real-time PCR
methods for the detection of Banana bunchy top virus. J. Taiwan Agric. Res. 68(1):59-68.

Banana bunchy top virus (BBTV) is a damaging pathogen for banana, its detection being of
critical importance to certification programs for Taiwan and worldwide. Here we report a quantitative
real-time polymerase chain reaction assay (GQPCR) based on TagMan"” chemistry to improve the diag-
nosis of this pathogen. Real-time PCR, targeting the amplification of CP gene fragment, was highly
specific and capable of distinguishing BBTV from non-target banana viruses, Cucumber mosaic virus
and Banana steak virus, which are two other common virus species in banana plants. The protocol
was also evaluated for its specificity using healthy banana and water controls. None of the non-target
or healthy samples reacted in qPCR. The developed technique is sensitive and reliable and allows
rapid detection and quantitation of BBTV in both field and experimental material used for the surveil-
lance and specific diagnosis of BBTV.

Key words: Banana bunchy top virus, BBTV, Detection.
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