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EEREAE MM ORRAR - BEDASE ~ R~ MREE 2020 -
Bl 2B IR B 2 o TR IR A - TR E262(4): 1-12 -

IRHRFAEE (Fusarium oxysporum) 2y LHEIEE EZ - AR
guktis 100 FEOEY) WD) A 0 o A9 R R TR ERE
PR IRER - o RE RS B2 B AR R ATEY) - Z R
ARV IR EE | AL~ FERREE AT o B RO SR i K
PSR EVIRE - B Al M iRe R AR H T e e A T ke 3
TR ARSI EE o I ARG R - 5
Ry O (PR 9 5 BT 7 P B A I R/ ) IR 2 38 AR Y T 7 SR
Z— o By TR PSs A R E . B RIS L
PR R — B REGNE & o 3RS R RN et —
M2 51F% LNHFnF-1/LNHFnR-1 Ba§£$t pLNH - # B &8
HEHSIE (PCR) BARNEF S & HGHEH S JE (real-time PCR) FZifT »
AT | B — M R BT T - WO S R i 1%
A LS BE H M S Y HH I o0 R A o SRR
AW FER 2 il AR EZE AR 2 R A E M HiW
JH real-time PCR F{iff (2% SYBR green-based real-time PCR Bl
TagMan probe-based real-time PCR) ¥ EJREHI B ERE T FTE
HEEHE (F. oxysporum f. sp. cubense) Z 5 E g2 By 100% °
HPCR ~ SYBR green-based real-time PCR k TagMan probe-based
real-time PCR ZJAFMT - B AOREE AR E P FE SR
E A E R > DIZRIE real-time PCR AUl 7774 B R
fth R R s o B2 93.8% o AR AR L AROHIS & E A
T AR SR FELER A TR A S 2 AR A - 7 PR R R B R R B A
B o FELBEE EE DTS - HETA SOV R S A
IR SO R -

BASHEE © (EYIZE A - Y9 O] - SYBR green-based real-
time PCR ~ TagMan probe-based real-time PCR ~ & ¥)7F
et

/.

&

BRI E (Fusarium spp.) Z I R E e B S TR (EY) UG

> Hip DILIREE (F. oxysporum) Ry 28 HHVE YRR E
B — Vo RME T ERERE S C I B AR

BN TP A - HEF FHIERDZ - 5 EEEEY) 2
B HRE BT S EVIRES AR h 59— KPR
SEAGE

IRIRADEE By T BB FE (soil-borne pathogens) » 2R
PRI AEE £ K £ 8T (macroconidia) Bl/N4y 4
(microconidia) * HAELAERETE T (chlamydospores) B+
B RIAEE Y EFERTEZA - kfv%?@irﬁﬂ’%ﬁf%ﬁﬁ
R EE T DI AN E R OIE A0 T - EEEH
AL - ZERNE T 825 BRI ”%Y%ﬂﬁffﬁ
EG LU A B aH 4 > B RN R B TH R GRS R
FE o (B RoKo A - N 2 F R 2R H(LBE S
SRR RESEEHEMET Y

TR RSB 1 T A 35 LR R R o R 2 b
B (forma specialis, 1. sp.) » HATAGTHNREEE T LIERE
150 FELL Y HEFF ARG ERNECREY o flak
K E BN 2R EE F. oxysporum f. sp. cubense (Foc) » EH:
WIRFIEN TR EE T8 #l AR EEREEE TR
BRI mEs — @
FCAYTE VE B - BPEIGREARE R BRESEWHARE > T
PR R FHRFINZ 2 — "9 IR F. oxysporum f. sp.

J& (vascular wilt)

B F. oxysporum . sp. niveum (Fon) &
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lycopersici (Fol) FTi&Rk 2 FAZE MR > el nEEIHEE » &
HHERg R EREERL Y
RER AT - KT A RFR AR @ - B ATEIR RS |
REEYI F RS T R AAA IR - s RO - AREE
BFZ EHIBTATT AR R ILRE o MEYIZ B 2 Fr DL LAR
8 TIRRIREE BT B AR seiRPIIRIE Y
g eERgEnm) 7 o B Al EE DL S 8 B — R S A T AT i
#wITHEEE © 0 B R EE T AT EEgRE
F o W LR F 09T 2 R SR SRR AR E S 4
@ FEEYZ SERPISRERAES  FIbR2R &4 H
Gl o

By T EARCRMEINHERE - £25CHTF S AR %
JE R Py Ml T EL > Frh PCR Rl 2495 A 5 ey DR U7 T
DNA (—FE57775% 75 real-time PCR 1l th E4LFEFH 7 &
SEI > piOR—TH S EEET B PR o R A DA e
ERpRE2ET ~ B e ~ i R R SR BN S 7 T e
O e o TR B B R AR DA 2 S B ~ SRR T
SESEATPR » SCHARORTT SR o3 g AT i S AnEE - (2
TR H BRI - REEEABBRIFEGE, - HAisHY
IR TR 2 70 I MIRCT - CAIH Lin SR H IR R
BE—MZ 5 FREEE Py, 17 (B3RS o FARsER i -
i A FE P AR 2 B 2 R Y d dS By il Tk L -
It AATTE S LR IR B B — My FEE - SE T — AT
TR 5 178 ket - RIS B R E@RUIER - R HEM
T ERASOVARN TAF > DIREST EAOH 21407 EHRAE ) =2 W AT
T o ZRWFSE AT AR SRR B bR AR 5 | P AT B A 28
AR I HH R AR © SRER L AIISE & FE T A 7 RIS Ago I R
FEEY Z RIRFIE T RS - FEILBEE @ Ta5REs - DL
O (PR A AR I S R SR P Y SRR R

F. oxysporum f. sp. cepae

M TTIE

TRIR B 3 Bt K8k E

AHFZE 3 1) E 2 3 S 5 S (DL RE AR R 2 T e
TEMEIRIEE AU TR R ERaHE, - FIAH 1% REFEH (sodium
hypochlorite, Clorox) #EfTIH% » Wi AR ACESE 2% - BN
JK¥fEEEE A (water agar, WA; Difco) b #E{T4r#E K &lifk > 2L
FE S A A B RS E RS (potato dextrose agar, PDA, Difco) #
TTEIPRHIE A R BT - A DAE SRt B4 DNA (genomic
DNA) 8% » B HEEE R DNA R1E BftaleA - DISES
RHFTERAZ S |5 2EHEEZHRE D HR AR
MHE M (HEEERYIAR—) < WLAIREEHRACEZ DNA
FI FAZ e B8 N 83 3% B9 & (internal transcribed spacer) 5[40
ITS1/ITS4 “ & PCR K BRIk 53114 » Mo AEZE E LR ST

YR A BETTER o 0 B SE B E 2 A PR E 0 (national
center for biotechnology information, NCBI) 2 &k} (GenBank)
HEELTIPYIELE - DISERCATRZE A BV sl & ik 2 o FHEE -

B FEBE DT

FZ# DNA (standard DNA) 5

FEAE DNA Z BUHERIZ /30T © FIAH PCR R AT
IR A B A B B — M > TSR Fn327 ZFpa W7 sat s
RO B EAHI#H — %~ 5% LNHFnF-1/LNHFnR-1 » $1#f -
AT HE ~ &b ~ 7 R E R oy T8 E TSR Ry (E 2 H 9
B2 S HER > ZEECELALNAE DNA #7785 — M o A
F& Fn327 ZIXBRiE Rk oA - ERSTHIA A/ NG DNA fRH7
(327 bp) 1% > LIMicro-Elute DNA Clean/Extraction Kit (GMbiolab
Co, Ltd., Taichung city, Taiwan) # TS [olUr4i{LBEE—FH B -
B FI R pGEM-T cloning kit (GMbiolab Co, Ltd., Taichung city,
Taiwan) KFEIURIRRVEY) | ELdE & E8EE L HEEE KB
S (Escherichia coli) DHS a B340 » MA&A 100 ppm
fr S5 2= (ampicillin) #Y Luria-Bertani ¥5&%: (LB, MDBio,
Inc., Taipei city, Taiwan) #EFTHEE o BEFE FR ThAYEETE kR A FH
Plasmid Miniprep purification kit (GMbiolab Co, Ltd., Taichung
city, Taiwan) ZEHUHE A% DNA - ILERE DNA B 12% DNA
(standard DNA) » £& SPECTROstar Nano 4 )¢E8 MU H0 38 4
(BMG Labtech, Ortenberg, Germany) #=HIZ %% DNA #Y O.D. &
(values of optical density) » i LEXES (DNA Copy Number and
Dilution Calculator, Thermo Fisher Scientific Inc.) ‘E &% 107 £10°
E (copies) & > BL PCR $1i 5 real-time PCR 41l 7 1% ST 82 6
534

E[A#H DNA (genomic DNA) £lfi

DIFFEERLEI T R/ 9 A RS L2 9 JF B B 4RI AR AR
FURA BB R % © 2% Dellaporta 523 (1983) 7 fyJ77A%E
HUEEHRE DNA - fkrgl{bie 2 R AL DNA [EUET
TE buffer (10 mM Tris-HCI ~ 1 mM EDTA) 4 » 4&& SPECTROstar
Nano 2SR HIEER FMZLHZ DNA 2 O.D. 1 » W&
Bk 10" 2 10° ng &L PCR Fifif F real-time PCR FflifiE{ T8
BT -

EHHEE R AR

£% Schilling £33 (1996) " Fir{d F 2 B4 L U 201
IEME + VAR LRI SR R AR (R - I FIFPEERL ST
E 4G (mycelium) > FFE&RRHERZ 5 /NEHEFFE > WHL 10 mg
HYEZERE 4R & 100 ul ddH,O » 48 10 %7581 » Ll PCR
£l B real-time PCR Heffr#Ef TS [T EEBUE 34T -
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TABLE 1. Specificity assays of the primers used in this study

PCR-based identification methods used

Isolate code in this study

Diseases and species Geographic locations

numbers ITSI/  FnSc-l/  LNHFnF-1/

ITS4a FnSc-2b LNHFnR-1
Fusarium wilt of anoectochilus/F. oxysporum f. sp. anoectochili YHL-F002 Nantow, Taiwan + + +
Fusarium wilt of asparagus bean/F. oxysporum f. sp. tracheiphilum ~ YHL-F003 Changhua, Taiwan + + +
Fusarium wilt of balsam pear/F. oxysporum f. sp. momordicae YHL-F006 Changhua, Taiwan + + +
Fusarium wilt of banana/Fusarium oxysporum f. sp. cubense ATCC 38741  Taiwan + + +
ATCC 76243 Queensland, Australia + + +
ATCC 76257  Honduras + + +
ATCC 76262  Taiwan + + +
ATCC 96289 southeastern Queensland, Australia + + +
ATCC 96290  southeastern Queensland, Australia + + +
HTS-F054 Pingtung, Taiwan + + +
HTS-F055 Pingtung, Taiwan + + +
HTS-F056 Pingtung, Taiwan =+ + +
HTS-F057 Pingtung, Taiwan + + +
HTS-F058 Pingtung, Taiwan + + +
HTS-F059 Pingtung, Taiwan + + +
HTS-FO60 Pingtung, Taiwan + + +
HTS-FO61 Pingtung, Taiwan + + +
HTS-F062 Pingtung, Taiwan + + +
HTS-F063 Pingtung, Taiwan + + +
HTS-F064 Pingtung, Taiwan + + +
HTS-F065 Pingtung, Taiwan + + +
HTS-F066 Pingtung, Taiwan + + +
HTS-F067 Pingtung, Taiwan + + +
HTS-F105 Pingtung, Taiwan + + +
HTS-F106 Pingtung, Taiwan + + +
HTS-F107 Pingtung, Taiwan + + +
HTS-F108 Pingtung, Taiwan + + +
HTS-F109 Pingtung, Taiwan + + +
HTS-F110 Pingtung, Taiwan + + +
HTS-F111 Pingtung, Taiwan + + +
HTS-F112 Pingtung, Taiwan + + +
HTS-F113 Pingtung, Taiwan + + +
HTS-F114 Pingtung, Taiwan + + +
HTS-F115 Pingtung, Taiwan + + +
HTS-F116 Pingtung, Taiwan + + +
HTS-F117 Pingtung, Taiwan + + +
HTS-F118 Pingtung, Taiwan + + +
HTS-F119 Pingtung, Taiwan + + +
HTS-F120 Pingtung, Taiwan + + +
HTS-F121 Pingtung, Taiwan + =+ +
YHL-FO15 Nantow, Taiwan + =+ +
YIL-FO44 Pingtung, Taiwan + + +
YJL-FO68 Pingtung, Taiwan + + +
+ + +

Fusarium wilt of gladiolus/F. oxysporum f. sp. gladioli YHL-F019 Taiwan
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A EH
Fusarium wilt of lettuce/F. oxysporum f. sp. lactucae YHL-F021
Fusarium wilt of lily/F. oxysporum f. sp. lilii YHL-FO35
Fusarium wilt of loofah/F. oxysporum f. sp. luffae YHL-F038
Fusarium wilt of melon/F. oxysporum f. sp. melonis TDC-F008
TDC-F009
TDC-F011
Fusarium wilt of radish/F. oxysporum f. sp. raphani YHL-FO41
Fusarium wilt of strawberry/F. oxysporum f. sp. fragariae LNH-F038
Fusarium wilt of tomato/F. oxysporum f. sp. lycopersici ATCC 76616
Fusarium wilt of watermelon/F. oxysporum f. sp. niveum ATCC 18467
ATCC 42006
ATCC 62940
Endophyte from melon/F. oxysporum YJL-FO56
Saprophyte from soil/F. oxysporum TDC-F012
Bakanae disease of rice/F. verticillioides YHL-F056
Balsam pear/anthracnose/Colletotrichum gloeosporioides LNH-F032
Cordana leaf spot of banana/Cordana musae LNH-FO11
Rice sheath blight/Rhizoctonia solani SMS-F012
Rice sheath blight/Rhizoctonia solani SMS-F013
Scabby fruit canke of guava/Pestalotiopsis psidii TDC-F002

Taoyuan, Taiwan
Taiwan

Nantow, Taiwan
Kaohsiung, Taiwan
Kaohsiung, Taiwan
Kaohsiung, Taiwan
Nantow, Taiwan
Pingtung, Taiwan
California, USA
South Carolina, USA
Taiwan

Texas, USA

Kaohsiung, Taiwan

I T T
+ 4+ + o+ o+

Kaohsiung, Taiwan

Taiwan

Pingtung, Taiwan
Pingtung, Taiwan
Pingtung, Taiwan

Miaoli, Taiwan

e e T i e e S S S S S

Pingtung, Taiwan

“ The conserved primer set ITS1/ITS4 was used to amplify and sequence the ~500-bp rDNA region used for the identification of the internal transcribed spacers 1

(ITS1), 5.8S rDNA, and ITS2 of the fungal pathogens used in this study.

® The specific primer set FnSc-1/FnSc-2 designed Lin et al. (2010) was used for for comparison with the novel primer set LNHFnF-1/LNHFnR-1 in the molecular

detection assays of Fusarium oxysporum.

M ERTFEE

DITEU i B 2 B 4RI A S S Z A A TR AR R B A (potato
dextrose broth, PDB) %3 » JRE® 28°C BiEirasaine 1 A
& - DUEAE (No.1, Advantec, Japan) R T-J8 T > A6 A MBR
18185 (hemacytometer, Reichert Bright-Line, Hausser Scienti ¢,
Horsham, PA, USA) AGEEEAGIEE (Carl Zeiss, Axioskop 2 plus,
Germany) TH#EfTEHHBUE &% » 48 10 FF50EELL PCR B
J real-time PCR FEATHETT S [FBEBE 4T -

kSRR SE AR o R DNA ~ EA4H DNA -~ %k
BERRAEL o3 2R A0 DUPTall 2 R HETT PCR » WG DABERR B8k HIE
B |3 PURERR A 2 Ao HIRR R - R IS 2 SRR A Ay
BRI REAE R -

5l FE—HAI

A5 FH A TR i B 7 2208 oy AR B S5 R R B )
fR5E 50y (American Type Culture Collection, ATCC) 7 [BFEE#%
(FrA sl Y102 —) - HIE AW 98 ek st~ LNHFnF-1/
LNHFnR-1 5| F+HE2EHRMMAELE—  &omkED
SERR ZRE MR o 5 PCR A DA EAZ AE W A Bk ] i T
Pt 2 5178 ITSI/ITS4 “ fE ks PCR K2 Pl B4

LA Lin FEHFY 2010 A8 R HLHME L H > 5]
% FnSc-1/FnSc-2 FIARHSE P FTakaT 2 51F % LNHFnF-1/
LNHFnR-1 #4757 ¥ H ML (FiA 5 FFIE5aE
=y

PCR KiK' E XD

DL PCR Hfli#8 Bl A B 75 P bl 48 2 & — M5 7
LNHFnF-1 (5'-CGCCAGAGGACCCCTAAACT-3") /LNHFnR-1 (5'-
TCGATGCCAGAACCAAGAGA-3") TGRS 747 > 51T
et A primer express 3.0 #2350 - MERLS [ RRE GC BE (GC
content) 52 TmfHE (Melting Temperature, Tm value) f&5[F8%E
AN HIEEFEEA] Oligo 7 $RESHESS [ ~ #R$t &2 DNA iR
[R5 % duplex formation B¢ hairpin formation » 5| R4
B B R AR O B R E R AETT R 751 (Nucleotide
BLAST) Ch¥f - ¥ RERT R B B — 1  DUXEERS Py
SRR 2 5T # ITS1/ITS4 “¥ By PCR FZIE il 4 -
PCR FZ FEXEREFE /520 ul » A&10 ul 2X KAPA Taq ReadyMix
PCR Kit (Kapa Biosystems., Inc., Wilmington, MA, USA) (2X
KAPA Taq Buffer, 0.4 mM dNTPs, 0.02 units/ul KAPA Tag DNA
Polymerase) ~ 0.5 ul 10 uM forward primer ~ 0.5 ul 10 uM reverse
primer ~ 8 ul ddH,0O ~ 1 ul DNA (20 ng/ul) - PCR #8253 F
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Primer names (Forward/Reverse) Primer sequences (5'-3") Annealing temperatures ('C) ~ Amplicons (bp) References
TCCGTAGGTGAACCTGCGG/

ITS1/1TS4 55 ~500~700 (30)
TCCTCCGCTTATTGATATGC
TACCACTTGTTGCCTCGGCGGATCAG/

FnSc-1/FnSc-2 62 327 (17
TTGAGGAACGCGAATTAACGCGAGTC
CGCCAGAGGACCCCTAAACT/

LNHFnF-1/LNHFnR-1 60 100 This study

TCTCTTGGTTCTGGCATCGA

T100™ Thermal Cycler (Bio-Rad Laboratories., Co., Ltd., Hercules,
CA, USA) » PCR ZFEMRMF Ry © (1) 94°C 1.5 4388 5 (2) 94 °C 30
Fhgi ~ 62°C 30 Fhai ~ 72°C 30 Fhgi » 48330 9 5 (3) 72 °C 10
58 3 ITSIITS4 “ B FnSc-1/FnSc-2 7 5[ F-#f#J PCR K FE(
{4 B A 03 1] 2 B8 IR A SRR e« it KF PCR VIS 2% 7
SERBHLL 100V 35 sy $8H#EFT I3 > WAIA Gel Doc™ EZ
Imager (Bio-Rad Laboratories., Co., Ltd., Hercules, CA, USA) H&}E
TIREAZEE K ITAE R -

Real-time PCR #3%1ili]

L SYBR green-based real-time PCR F & B —M:5 |+
¥f LNHFnF-1/LNHFnR-1 #E{TRFHRER 7347 - SR R S RE i
AT R PEAREERE By 20 ul > A& 10 pl 2X KAPA SYBR®
FAST gPCR Kit Master Mix Universal (Kapa Biosystems., Inc.,
Wilmington, MA, USA) (2X KAPA SYBR FAST qPCR Buffer, 0.4
mM dNTPs, 0.02 units/ul KAPA SYBR FAST DNA Polymerase) *
0.5 ul 10 uM forward primer ~ 0.5 ul 10 uM reverse primer ~ 8 ul
ddH,0 ~ 1 ul DNA (20 ng/ul) » SZJERRAERy = (1) 95C 5 08 5 (2)
95°C 10 Fh§# ~ 60°C 20 Fhi# - 4HILAOTEER  (3) TEIRAE IR LU
FOFRR 0.1°C #EATEEY) &M 45317 (melting curve analysis »
60°C-97°C) -

BT LB IR — 1 E real-time PCR %l 158 — 5
Jt real-time PCR £¢ilg - $70 & 202 e aS Z e W &S FAETT I
#7 o AHFELL TagMan probe-based real-time PCR (—fE & — M
J6 real-time PCR £ £l - #EECARIE ARt 2 H—1E5 T
¥f LNHFnF-1/LNHFnR-1 1 TagMan & ¢#$F pLNH (5'-FAM-
GTAACTTCTGAGTAAAACC-MGB-3") » #Ef TGS 74T > &4
Pl RS2 FERAEA0 T+ R FEAEASAA K 20 ul > B2 10 ul 2X KAPA
PROBE FAST gPCR Kit Master Mix Universal (Kapa Biosystems.,
Inc., Wilmington, MA, USA) (2X KAPA® PROBE FAST qPCR
Buffer, 0.4 mM dNTPs, 0.02 units/ul KAPA Taq HotStart DNA
Polymerase) ~ 0.5 ul 10 uM forward primer ~ 0.5 ul 10 uM reverse
primer ~ 8 ul ddH,0 ~ 1 ul DNA (20 ng/ul) * FRZFEMEMER © (1)
95°C 557#% ;5 (2) 95°C 10 #b# ~ 60°C 20 Fhiz - 483 40 f5IE -
AR real-time PCR > 8 B¢ CFX96 Touch™ (Bio-Rad

Laboratories., Co., Ltd., Hercules, CA, USA) °

HEEEIREEZ M

By T Bss AU FR AT bR 4 2 Ao RIRE Al - 3B RS S 2 AgrHI i
FtE AR LI A &R B 2 & B R EE R s
R & 2 ke TR TH I B 88 2 AoliRcilT - 1
R B ERIR I & B SRS Z B A 290712
FHMEE DNA EHUTAFH S Lin $2% @ & EFHE DNA
a5y R L PCR ~ SYBR green-based real-time PCR Eil TagMan
probe-based real-time PCR #7745y FHglll o A2 534 AR E
EREB(LEE > BREES R BRE - BERE (FE
RS SIEERE N =y 2 —) ~ R (B AR
HEAESESERRE NN =2 —FE =02 /) REERY (F
BEBEH AT =5 2 DL B! - slIRFEREE
Eils s BRIt R 2 0 Tl RS2 Bl S
JER AT EE RS 2~ i E s L -

m R

KIFHREE 5| FHZ&RE A MR

ARFFELL Lin FHEER 2010 FEA8E - BRMHEEA
BV 5 F ¥ FnSc-1/FnSc-2 fIARWFSE AT atst 2 511 %
LNHFnF-1/LNHFnR-1 » #{75 [ F# 8-Vt - &ooEitke/ )
SEREREE— VAR - &SRR - MRS E R 5 [+
¥ BRI E MR ST SO B > 208 o R B 35 ] A
BEEYIORR o0 2 BRI A% DNA HR 38l B 77 & TREHE Y AN
K5 327 bp 1 100 bp #Y DNA 75 F B - AP HHFEFEMES
4:453# (anoectochilus) ~ F81 . (asparagus bean) ~ 1 /[\ (balsam
pear) * & (banana) ~ EFEH (gladiolus) ~ #HE (lettuce) ~ H
& (lily) ~ %I\ (loofah) ~ #JK (melon) ~ ZEE (radish) ~ EH
(strawberry) & i (tomato) ~ FEJI (watermelon) 22 “K[E 43L&
B EEE M EERAEIINEE—)  EMIRR SRR (B
F. verticillioides ~

Colletotrichum gloeosporioides ~ Cordana
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TABLE 3. Detection limit of the molecular detection methods used in this

study
Samples PCR-based Real-time PCR-based detections
detection
SYBR green-based TagMan probe-based

real-time PCR real-time PCR
Standard DNA (copies) 1.00E+06 1.00E+03 1.00E+02
Genomic DNA (pg) 1.00E+02 1.00E+01 1.00E+02
Spores 1.00E+03 1.00E+00 1.00E+00
Mycelium (ng) 1.00E+02 1.00E+00 1.00E+01

Pestalotiopsis psidii %) 181
LR I P B R 0 RIS E TR R 7y - #07> PCR MEIEEY)Z
T G R R AE — o BURH AR — M5 [T HEIR /K
T2 SRR Bl R - B2 4R &Y 22 iR
B B s s

musae ~ Rhizoctonia solani

5l FESEAIR

KUFERTBHEE 2 PCR ROHI 2470 » ] A IS BR R i 7 2 i
EEPE » MEE PCR WM RS H AR EEEAE DNA AYRR
PR #5 10° copies + $TRHRTEEEINA DNA HyR HAFR K 100
pg ~ ¥AERME F ARSI e IR &y 100 ng ~ BRI 4R
TR IR R 10" 853 £ T Ealli A REER &R
IR =) o By THRIT RS & e e Z o g BUT - A
WAZEHTER T —4H AR M A5 [F-4H LNHFnF-1/LNHFnR-1 175 0C
SYBR green-based real-time PCR Ei TagMan probe-based real-time
PCR T ARARTF I EMHR AT 2 MM B B - 48l IR
% » RIS R R RO B R F R 2 A SRS 45 50R
AfE— 2@ -

ERFH SYBR green-based real-time PCR Bs#% CasefiifHE - %
IR ZAE DNA AY IR R 10° copies (B=) » & [O]fF
IR RSV E R TS — A v = -3.348x+42.416 HYEE
ey o EHETGE R B 0.999 (B A) - ek Rk
HER4H DNA B - 28ih = &A R 107 pe EAVEKE DNA
B BUAESRER IER RS R (R - KEER D ITR I &
GEEFR IS AR v = -3.766x+22.377 HIIZEEEHRLR - HoH
BTAERy 0990 (B= A) - BRSPS HEAIE 1 ng LB
W BIAESIRE RV IER AR (=) - KEER IR R4
GERTTES AR v = -4.075x+9.999 (AR 4R > HHIER (4
R 0998 (BT A) » HERGEHEAH 1 B EATLLER B
AEERENEREER (D) KEERSITRILASESE R T
AR y = -3.405x+32.235 AUFEE AR 4R - HHETHRE R
0.997 ([& 7 A) °

FUCER TaqMan probe-based real-time PCR A ik s
TR DNA B9 HABIR B 107 copies (=) » 4E[EIEF T

Non-

Fusarium oxysporum F. oxysporum

M 1.2 3 4 56 7 8 91011 121314151617 1819202122 P N M

N —= T
(B)

—s327bp
° ---

|— 1006p

B~ REMEE ST 52 PCR fall A M - DI=4151
(A) ITS1/ITS4 ~ (B) FnSc-1/FnSc-2 ~ (C) LNHFnF-1/LNHFnR-1 - ¥}
RIEIRBRAVE B8 (Fusarium oxysporum > §g5% 1-17) Btk
JERBEIEE (Non-F. oxysporum » §g5% 18-20) Bk ANAEM: (4F
9% 21) BB AEVERIREE (4R5% 22) Z A R4ADNA #ET5[FH
— MM - P BEIRSEMRAR SR ATCC 38741 2 IE$HHE o N @ i
HEHE /K &8R- M - DNA 225 (Gen-100 DNA ladder,
GMbiolab Co. Ltd., Taichung, Taiwan).

Fig. 1. Specificity test results of the primer sets FnSc-1/FnSc-2 and
LNHFnF-1/LNHFnR-1. PCR amplification of seventeen Fusarium

oxysporum isolates, three non-F. oxysporum (Rhizoctonia solani

and F. verticillioide) isolates and one endophyte and one saprophyte
of F. oxysporum with three different primer sets (A) ITS1/ITS4, (B)
FnSc-1/FnSc-2, and (C) LNHFnF-1/LNHFnR-1. PCR amplifications
were performed using 20 ng genomic DNA extracted from each isolate.
Lanes 1: F. oxysporum f. sp. anoectochili; Lane 2: F. oxysporum
f. sp. tracheiphilum; Lane 3: F. oxysporum f. sp. gladioli; Lane
4: F. oxysporum f. sp. lactucae; Lane 5: F. oxysporum f. sp. lilii,
Lane 6: F. oxysporum f. sp. lycopersici; Lane 7-9: F. oxysporum
f. sp. niveum; Lanes 10-13: F. oxysporum f. sp. cubense; Lane
14: F. oxysporum f. sp. raphani; Lane 15: F. oxysporum f. sp.
fragariae; Lane 16: F. oxysporum f. sp. momordicae; Lane 17:
F. oxysporum f. sp. luffae; Lanes 18-19: Rhizoctonia solani; Lane
20: F. verticillioide; Lane 21: F. oxysporum (endophyte); Lane 22:
F. oxysporum (saprophyte); P: PCR control using 20 ng genomic
DNA of F. oxysporum f. sp. cubense ATCC 38741 as the template;
N: negative control using sterile ddH20 as the template; M: DNA
markers of Gen-100 DNA ladder (GMbiolab Co. Ltd., Taichung,
Taiwan).
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Fig. 2. Sensitivity evaluation of the molecular detection assays based on (A)
SYBR green-based real-time PCR and (B) TagMan probe-based real-
time PCR with primer set LNHFnF-1/LNHFnR-1. Serial dilutions
of standard DNA (ranging from 10" to 10* copies) from Fusarium
oxysporum were subjected to real-time PCR assays.
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Fig. 3. Sensitivity evaluation of the molecular detection assays based on (A)

SYBR green-based real-time PCR and (B) TagMan probe-based real-

time PCR with primer set LNHFnF-1/LNHFnR-1. Serial dilutions of

genomic DNA (ranging from 10" to 10° ng) of Fusarium oxysporum

were subjected to real-time PCR assays.
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Fig. 4. Sensitivity evaluation of the molecular detection assays based on (A)
SYBR green-based real-time PCR and (B) TagMan probe-based real-
time PCR with primer set LNHFnF-1/LNHFnR-1. Serial dilutions of
mycelium (ranging from 10? to 107 mg) of Fusarium oxysporum
were subjected to real-time PCR assays.
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Fig. 5. Sensitivity evaluation of the molecular detection assays based on (A)
SYBR green-based real-time PCR and (B) TagMan probe-based real-
time PCR with primer set LNHFnF-1/LNHFnR-1. Serial dilutions
of conidial spore (ranging from 10° to 10" spores) of Fusarium
oxysporum were subjected to real-time PCR assays.
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TABLE 4. Comparison of the molecular methods for in-planta field-detection

Fusarium oxysporum f. sp. PCR-based detection Real-time PCR-based detections
cubense-infected banana samples® SYBR green-based TagMan probe-based
real-time PCR real-time PCR
Positive Negative Positive Negative Positive Negative
Symptomless pseudostems® 7 9 7 9 7 9
Mild symptom pseudostems 14 2 14 2 14 2
Moderate symptom pseudostems 16 0 16 0 16 0
Severe symptom pseudostems 16 0 16 0 16 0
Total (%) 53 (82.8%) 11 (17.2%) 63 (98.4%) 1 (1.56%) 63 (98.4%) 1 (1.56%)

“ A total of 64 varying symptomatic banana pseudostems were used for in-planta detection assays.

® Sampling criteria of infected banana pseudostems were adhered to according to Lin et al. (2020)
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Fusarium oxysporum, soil-borne pathogenic fungus, can host
more than 100 kinds of crops and lead to withering crop disease.
The counterpart can be rooted through the wound or natural opening
invasion, resulting in leaf yellowing, withering symptoms. There
are several specialized forms (known as forma specialis, f. sp.),
which can infect different hosts. F. oxysporum, the top 5 fungal
pathogens in the world, can infect more than 100 different hosts,
provoking severe losses in crops; furthermore, there are no chemicals
that can control Fusarium wilt safely, economically and effectively.
Therefore, this study aims to develop molecular methods of rapid
detection of F. oxysporum based on PCR, SYBR green-based real-
time PCR, and TagMan probe-based real-time PCR assays with a
novel primer set LNHFnF-1/LNHFnR-1. The results illustrate that
the primer set was specific to F. oxysporum in Taiwan. By using
the two real-time PCR detection methods, all the results can be
positive. At the same time, meet F. oxysporum f. sp. cubense (Foc)-
infected symptomatic banana (including mild, moderate, or severe
symptoms of pseudostems) by the two real-time PCR assays. When
detecting the asymptomatic banana pseudostems, its results, detection
rates, PCR, TagMan probe-based real-time PCR, and SYBR green-

Vol. 62 No. 4, 2020 11

based real-time PCR assays were 43.8% (7/16), 93.8% (15/16), and
93.8% (15/16), respectively. This can indicate that the two real-
time PCR assays with the primer set LNHFnF-1/LNHFnR-1 has high
applicability for the early detection of Foc-infected pseudostems
of banana. Two real-time PCR assays, therefore, have the potential
to serve as the rapid, specific, and sensitive tools for the routine

detection of F. oxysporum in the field.

Keywords: Fusarium wilt, phytopathogen detection, SYBR green-
based real-time PCR, TagMan probe-based real-time
PCR, in-planta detection



