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wW =
MRELTE ~ MREE ~ IREETS - 2018 « HEETERE 7 TRl
Z RN - B E260(3): 1-8 -

FHE (Musa spp.) BE&EF (banana) 1K (plantains) > #
JEAE I 42 BRORRIAY By B an BUVRT S 1 - 5y T 5 o B S A SR A
Z— o FESEERR (Fusarium wilt of banana) X AHFEEEERF
(Panama disease) JAHESL& MRS 4 H A EEEE - &
HEEENLD - R - IR T EMNNEEEY  B2KE
AR TEIRGIN T o DIEMERY )7 AR Bt YR (R BT L R
MR R — [l R B RIS B SR - TR 0
T ARG D R SR i B o3 AR ROl 22 i FH 2R o B a2 B
T Y17 5 Bk MR [ 1 > AR SR 8E S (polymerase chain
reaction, PCR) ~ BIRHR& G HEHZ E (real-time PCR) ~ RURER
RIS L (loop-mediated isothermal amplification, LAMP) [
BRS84S E (insulated isothermal polymerase chain
reaction, iiPCR) 53 A=Al » EL4 AR P it H B — St gl & 2
N 0 BT KER TR HE S EEARE
Nt E A EAE LRSS - A MlE EE TR T
F G A S IR - 0 HARF 28 e il o oK s T B 4 15 FH R4
4 B SRR TEE TIE > fE R ek = av e
HEMR D 3 B S TR s A 8RR

AHUINVE ~ 3Tl

% =
TR (Musa spp.) A&7 (banana) BLAEE (plantains) JE &
A TR MR (Southeast Asia) @ AR EEN FHER
PE¥ &% o BH Fusarium oxysporum f. sp. cubense (fEif& Foc) #&
A A S S TR (Fusarium wilt of banana) » X FEH A 2 E R

(Panama disease) * & B EENEERFIET @ - BESER
Ry ZEIRIE (polycyclic disease) » B HH 2 S EE M B A
WEF ~ BB E AR AVASME (ransplantation) ZR{EHE 1V -
BERZK ~ FHEREEIGE AR ERRE - EEASRERSE - I1 6
BEMANSERHEER  EERT Y A E L
B o 2 RUZEAY S REAE M AT TEIE &R a B S L AR B i
BB BEESLNMZ  BRRBIERERET Y B
TRV BB B A R S I R J R B R AR
EA B & EENL FE (polymerase chain reaction, PCR) ~ BIHFES
S E S (real-time PCR) ~ (RURERIRIEI A (loop-mediated
isothermal amplification, LAMP) 5[4 21805 5 A il 8 58 K7 fE
(insulated isothermal polymerase chain reaction, 1iiPCR) Z 43 T-%
fir (F—) > Wk i 2ish & B R S IR I » Ak
iE e PR H B S By TR T 2 i » WG ERART S
LRl o ARIKAE BN H TR (R E T - TP R E 2 H
MG - BEPEBITHE T SIS 2 84 - WBh4Esr HE e
Ao DE DB EFERMMTEE TIE - EmMARRD EEFE
T R S I R AT R -

BEREREZLERE

FREEEHE S TR ER (soil-borne fungal
pathogen) » REE A =FHMEMFE T (asexual spores) » H& K5r
A 78T (macroconidia) ~ /N3 2ETETF (microconidia) B /R FETY
T (chlamydospores) = K4 fEF 2 EH LR (straight) ZEHTTIR
(slightly sickle-shaped) ~ S#E% (thin-walled) > H 3 £ 5 {#EFEE
(septa) ; /N AT BB (kidney-shaped) ZEAEEITE (elliptic)
BRI (globular) EMEEIMIERTET " » KL E A BEAL
PE% o SRR AT A S LR R T IRIR Y R - &
FEREERE 30 F2A Y EILEET RIS FEESE
HIRRFRE AR AR EER -

ELETNEESEEREERMET  gIEFERBNS
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T~ MDA A B e A T AL TE S SR B (Fusarium oxysporum f. sp. cubense) 2 53 51T

TABLE 1. Molecular techniques for the detection and identi

cation of Fusarium oxysporum f. sp. cubense

Target races

Amplification primers

Techniques ;ijﬁ:;ces Jgenes Names Primers/probes sequences (5'-3") ltnmgiﬂc(g) References
Polymerase chain ~ Race 4 (R4) Foc,,, (partial Foc-1 (Forward primer, F) CAGGGGATGTATGAGGAGGCT 242 (20)
reaction (PCR) sequence of
EU379562)
Foc-2 (Reverse primer, R) GTGACAGCGTCGTCTAGTTCC
Duplex PCR Tropical Intergenic spacer FocTR4-F (F) CACGTTTAAGGTGCCATGAGAG 463 )
race 4 (TR4) (IGS) of rDNA
FocTR4-R (R) CGCACGCCAGGACTGCCTCGTGA
PCR R4 KF548063 Foc-SIX8-F (F) CGAAGTGCGCCATATAAGACT 710 (¥
(Foc-SIX8a) &
KF58064
(Foc-SIX8b)
Foc-SIX8-R (R) CACCTGCTTGCTCCTTATCC
PCR Subtropical Foc-SIX8b Foc-SIX8b-F (F) CGTCCTTACTTATATACCCTCTCAA 595 )
race 4 (ST4)
Foc-SIX8b-F (R) GGCCTAATCCACACAACA
Real-time PCR R4 Focy, FocSe-1 (F) CAGGGGATGTATGAGGAGGCTAGGCTA 242 22)
FocSc-1 (R) GTGACAGCGTCGTCTAGTTCCTTGGAG
Single-tube Race 1 RD) SCAR marker of Focl-0422F1 (F) AGGTGAGAAATCTGTTGAGTCTCGAT 100 39)
duplex real-time FIZ3
fluorescence PCR
(SDRF-PCR)
Focl-0422R1 (R) AACTCCTTCACCAGCCTTTCG
Foc1-0422P1 (Probe, P) Cy5-AGCATGGCAGGTCGT-BHQ3
SDRF-PCR R4 SCAR marker of Foc4-0422F2 (F) GGCTTCCAGACCGACAAGATAT 100 (39)
X172
Foc4-0422R2 (R) TGCTTGGCCTTGATTCTGACT
Foc4-0422P2 (P) FAM-ATAATCGAACAGTTTGCG-BHQ1
Loop-mediated R4 EF155535 F3 (Forward outer primer) AGGACCTCTTCGAATGGCA 213 (F3/B3) (15)
isothermal B3 (backward outer primer) ~ GACGCTGCAGCTATGACAA
amplification FIP (Forward inner primer, GGTGGCTCAATAGCCCAGTGAA-
(LAMP) Flc-F2) CCGATACCTGTGAAGTCGC
BIP (Backward inner CGACATCATCAGCATCTCCGCT-
primer, Blc-B2) AGCTTTGGCTCTTGTGACAG
Real-time TR4 FI1985561 (IGS of F3 (=FocTR4-F) CACGTTTAAGGTGCCATGAGAG 472 (F3/B3)  (40)
fluorescence rDNA)
loop-mediated
isothermal
amplification
(RealAmp)
B3 (=FocTR4-R) CGCACGCCAGGACTGCCTCGTGA
FIP (Flc-F2) ATTCAAGCCGGATTGACGGATT-
GGATATGTAGAGAATGTGGTGG
BIP (Blc-B2) CCAGAGTCGGGTCTAGGGTAG-
AGGCGATTGAAGTTGACTAC
RealAmp R4 EF155535 F3 CGAATGGCAAGAGTCTGTT 217 (F3/B3)  (28)
B3 TGTTCTGCCAGTTTGACG
FIP (Flc-F2) GAGCGCGGTGGCTCAATA-

CGATACCTGTGAAGTCGC
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A E
Amplification primers
Techniques Target races Tareet Aol
e Names Primers/probes sequences (5'-3") mpieon References
sequences/genes length (bp)
BIP (Blc-B2) CGCTGGCTTCCGAAACTACT-
TGACAAGAACACCAGAAGC
Insulated R4 EU379562 iiFoc-1 (F) CAGGGGATGTATGAGGAGGCTA 104 Q@
isothermal
polymerase chain
reaction (iiPCR)
iiFoc-2 (R) CGGAAACAGACTCTTGCCATTC
iipFoc-1 (P) FAMACCACGCGGATGAGATT-MGB-NFQ

PITEAESEEF (germination) » 221 2 E%% (hyphae) HEIETE
EREEG O NEFEHEEDEIAREIE AR » BB
AR AE A B R HSN - WRE G EEE NS - T
HAZEERKESEMT (conidia) @ A RBEGIR (secondary
inoculum) » #ZFZ S3 E T AEA BSR - FEMIE LSRR
ORI NG AL AR AR » ISR TF R A K I B o A
SZPH - M2 BRI & e T A SRR an IR =L HAYIE
B Mg SR RSB - RERRIESHRERET
i H 2 F R B 2 B R S S5 B AT (R M & AR AR N TP R
RIREREAF - EFERBRNT2EE > LEREAT
BTSN TIRABESE . iy ER 7 RK
Ry T IOW FER T AYYIR IR (primary inoculum) » HATEH 1L
095 5 1o R R KO ~ U7~ AR H BRI L ERIPaTTE
BEfRE T AR A ZERREE 0 o 1A > ISR
i o EEEREE AA R K - SHERGE T R B A S
TTERE Y WRENENERNE LRSS > BricER
N7 S EEEIETE (Commelina diffusa) ~ €% (Tridax
procumbens) ~ F {5 (Chloris inflate) 25 > R Fifal B R FEEE
TR By B EE R B 2 AT RE RS IR @ -

A FE S BER B 5 A [ AETRAVELR 14 (pathogenicity) » 0
W7 Ry R A2/ (race) ) : B A B EERESE — B A E/ N
T (race 1) BERARISTE ASK T (Gros Michel » AT BAAA)
FessEE (Silk > FERERy AAB) » B AT BR &2 DU IE 52 4 i
% (Cavendish) KRR —AUAM/NERNGE 5 848N
T (race 2) RERAHEINRL Sy ABB MUBETEAE (Blugeoe) K HAthAR
PR AR § 5 =T A T/ ME (race 3) RIBERILHTFEIE (Heliconia
spp.) * EHIA IR R B E AR B AR Musa J& > NEEH AT
B TR IER S = A A BN S T B 0 A BV o
ST BT B — B o (B FE OO 0 T B S Bk A i i H
BB EAEII A BN E (race 4) RIBEE 2ERS M AR
FIAAA (ZCavendish ~ Gros Michel) * AAB (ZApple ~ Taiwan
Latundan¥s) ~ ABB (Bluggoe) K AA (41Pisang Lilin) % & &
BRI phAh o R R VIR A B NER B - B

BB FIEE (vegetative compatibility group, VCG) K 28saE Ay
[& > a4l By BV 550U (tropical race 4, TR4) HAGHENE 55
PUR (subtropical race 4, ST4) ™9« Hy HETWFZCHSH, » BV
0 TR 5 R 5 0 T e o Ry e {181 A1 i R Y AR B/ NP
Ploetz " #5HI B AFITE (Australia) ~ B (China) HYEERT
PR~ FEPY - EETEPEaE (Indonesia) ~ FEZKPEGE (Malaysia)
JEMEE (Philippines) K E7& (Taiwan) S5ith &5 7 FE 55 B IR B 21
TRV G EE A VRS o AR A NEHATSY
H (Jordan) @ KB =[5 (Mozambique) © A3 H - BEIR I
AU NEEN B EE BRI AR O - BEHAHE
BRI I B 2 FEIAY SR8 (heterokaryon) ZJEPREC » THE & 73
A EEEREE S WO A NER R S E R - B
W — R NEEEE Y VOG 0123 ~ VCG 0124 ~ VCG 0125 ~
VCG 0128 ~ VCG 01210 ~ VCG 01217 K VCG 0128 & ; 55—
AP/ NESR B VCG 0124 ~ VCG 0125 ~ VCG 0128 & VCG
01214 ; GHENHFES PRI R/ MERERE Y VCG 0120 ~ VCG 0126 ~
VCG 0129 ~ VCG 0211 Kz VCG 01215 & ~ e s pUy A4 51/ N i
HIEEEBHY VCG 0121 ~ VCG 0122 K VCG 01213/16 7 - GEEES
VO A= 3/ NS 2 N 25 5 RS I B L AR 2 R &
{E BN 55 U R A P 70 R s IR A o B M I o e B A
fhg OV RIS ORI R B R H AR BB R E
HINEEESEREEH/NE - LA PR E S SRS
975 B LAt AR R N HL o > B il > s 2R -

—RAEMRIEM R AN R E B R R ERE 2SR

—WZEEYREERN L KRS 2 BB RIBRES
FHEE (symptom) BUFEIE (sign) > WEEC A @ OCEL BRI R
SR I FTE B R R E RS T HE
PEE R LASE R B 2UER (Koch's postulates) 8975 U AHERD
SR YR S 2R - B A BIAERHE (morphological
characteristics) 2R# & A e N - T SREE (Fusarium)
N EAMERENTHE " LHRGRBE (Fusarium
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oxysporum, Fo) RE#5|#EE M 100 FEMEY) > HIRGEE FZEE
(vascular wilt) BARIE (root rot) i " - HEFHEEFHIE
HETRATF EEEAE » BRfflEE S anr hEFEE
—MERIRE S (forma specialis, T. sp.) » T[R4 R i
WAl R AT 5 S Ry R EAE BN » — AR
KA GyPrak s A2 2 > HIt R EHifaEARE
e ERE ST fhE AN B BLAgEG T =k ae R E e
FRELHAEEAEE » &5 A EMLE R A ENE > FH5E
S AR A BE S TE R 0 2T DABEE sl ok i i R R
B ALBY B AR /N - B RV REAN R TE B R - di A28
FI R sk H e E B FE R @0

DFIRTIEZ N

DR R AR S A I 22 B M VR e R I R R Y
B B R R B A R A RIS R E B Y RS E
Feffrry g e - TAE T A #2500 F RO e A 7 iRt v
JRE - LA DNA By BRERY 3 Rl 7 AR E w0 » Rt
JiiE EEERER E DNA BCEIRSTHERVEAF I (conserved
gene sequence) * 1 FZHERERZE (ribosomal DNA, rDNA) [ iE
FRELNMIPEEE (internal transcribed spacer, ITS) ~ #EHEEAE R[N T
1 alpha (translation elongation factor-1 alpha, TF-1 alpha) ~ fi4#
#&/NEEEL (mitochondrial small subunit) % - iZSEERSFUEEA A
FIAE AL B A N 72 B o A\l {E R BUR R (& (phylogeny) 7R HF
(Y AT ARy 7 o g4t o thETFIF DNA f54UET (DNA
fingerprinting technique) » ZPEHIH S & % RIM: (restriction
fragment length polymorphism, RELP) ~ i iiE 25 KM 5 B
(random amplification of polymorphic DNA, RAPD) -~ #i&hé 5 & &
20 (amplified fragment length polymorphism, AFLP) 255 F
el > ARG R B AUE R - FEIL S B R B0 T
FESE (molecular marker) » B F FF 1RGS2 MY IS (sequence
characterized amplified region, SCAR) 43#77% » FAHC 4N 5 &k i
PESE ~ RINF SR G g S - AR BRI A AL B b
il > ACHEITRE IR IR 2 2 A 10

FERERED FiRlRfiiz 2 E
1. B2 & 585X FE (Polymerase chain reaction, PCR)

WESHEANEGI MR E - 21 1983 FErEEd
HY — Ml B B 0 i H S AR EL R M (denature) ~ &b
% (annealing) ~ ZE& (Extension) F={E*>EE » #&£H Thermus
aquaticus 1) DNA &0 > B Tag DNA &0 (Tag DNA
polymerase) » FJ £ HLHF ] Py A 4% H AL DNA H B 2 - Liu
B FI F i e IR 2 B4 8 (RAPD) £51i0 - Bt i B B A S T
994 B 55 U R A /N 2L B — PR 73 TS a4 B OPA02,
B B B Sy T EE 2 FERFE S 4R SE (GenBank accession
number) £y EU379562 » BLEL A S 8%4m 9% EF155535 FAI58 42

FHIE © MiEH Chang FARILS FREREFS > Seat B EESERE
ORI AT/ NEE ST B ES [ FREUR GBS
JES A8 H A/ INFy 242 bp (Y 43 sk O (t&dnd4 fy Foc242) »
Ut FAEEE T A — M0 B2 B B R T Y s B B 2
7 DU R B SR BT S DU RS A NV 050 - Dita A O 14 2010
EIRIEE B EHERE XA LEE (DNA) JEEEE A AR T
(intergenic spacer region, 1GS) YR (& EEE 2 I 4 51 (single
nucleotide polymorphisms) » st th&E—HE5[F o WA EES|
T & HEE SR L (duplex PCR) » ZkAHI S B E MM E
TR AV RIS DURI AR U NE © © Praser-Smith A 7
2014 FEPHEACE RIS (next generation sequencing) $1E| & #E
T T B ] BEAYSUIE B EEIA) STX8 (putative effector gene SIXS,
Secreted In Xylem 8) » Wi fR#% % KL N 751 3 5 ma 40 S84 5 |
T oy R R o T I A VU TR B R AT S DU R AR U N B
_:l\i @

2. BIRFEX & B8 35/ FE (Real-time PCR)

1% 1996 £FHF > Heid S A 7 4R HY T BITOF 3 A5 i e 0 B RG
flir > BEETEYRE SIS RIS )T IRlT TR Rl
YRR ENE R @ o BFEE B IE 4R SR s
RIS - BB R IEIGIREIY 10 - BE DNA EYE
[ERER - [ERAE S ) E B H A DNA Y4 &0
HEEE  FEFRE RS DB EESR & T HE S S st B EY 4
Rl o —R%IM S o BB Gl 8H 2 FE A AEHERS (accuracy)
ELRURIE (sensitivity) & B —AL I Sl S S L - [N
METEANEEBEPIRER O o BT SRR
JEE AT AR AT SR MR & 0 Ry W A8 ¢ BB MR e
7 (non-specific fluorescent dyes) BLIF B MEREHEET (specific
fluorescent probe) S ASH e

R MR S NE BRI TGS DNA SERERTrIE
P ELMER L (140 SYBR green) RS DNA #7785
o BB H R DNA A & Bl 22 55 S 28 12 P 45 0 17 0
ho - BIEFEHI S B g sk R IBTY - EIRE Sfaks Py
i) o B AN ERE - (EFR T —EE s iR
TRAE S AR P 0 AR SRR AR ST - R AR R M o
TRET AV ENR B S EG B R IE - AT R Y S ME AR Ry (G - 2
KREARAIEREL » TR B0 PR A Y SRR R EY) (B
RA5FEEMIFRE—REYSE) 28Nk e B R
7= LA B BRI (false positive) BYSZIE © Lin ZE A
@2 jx 2013 £EENIRE Foc242 DNA FESEFESI » DAIEES BAEENNE
AN R BraE B A S BE N T SR VU B AR F N 2
fll 772 » B2 bR S BN DT A B S - nDISE
EHY DNA (10° ng) BAFEEERHE 43 £ T (20 spores) * HA]
HHERE RSN HEREE TR EE © -

FrE MR OETRST RERE B AL DNA IVE—E 75 frek
gt WAEFTEET Z P A M imiEse ey A#EY) (fluorescent



reporter dye) BLEEAHNEIY) (quencher dye) 78 WA [F AE I
Zor T s e ERET (F R TagMan EE$1) » S CERSHENT
HERRNG - SRAEYIBOM SIS HATEDE > B R B
% (fluorescence resonance energy transfer, FRET) BYJf BHfE% 22
E > RSSO R NS H A E Yk « B Tag DNA
=& - B 5 & 3 SMIEE (exo-ribonucleases) SE1E ¢ [AIHLAE
15 S it vp LY NI B E R R 7 DNA FRRILL 5 I 2 3" Uik
T3Vl > Rt TagMan BEEHE REBR—MEAYHEAE 117 B DNA
I BEE EIE DNA #RREES - TagMan #81#: Tag DNA B4
5% SRR =i Sk ek e AR kY pan - N awi S e T
BN CERSE 0 BB DNA EYIRT N > S8 & i eaR
SRR 2 W5 o AT S IR EEY - BN o AR
SRR A S R E —EAVAE R - H el DS H AR [EIRY &
FRRAVERE » WA E—HEAT B AETT 2 H AR R GG g
[ZFE (multiplex real-time PCR) » DIRERHESRA » {HHIRERE
S8R E S T4 o AR SR AR D AR SR MR R
8t > NILFTEAIR ER AR E - Yang AR 2015 &£ @
RILUR MR E PR 240 RDBEEEEIFE 8RS
T 5 57 I (single-tube duplex real-time fluorescence PCR, SDRF-
PCR) - [l M 3 B B T B 55 — U BB VO R AR T/ NAE - 2
eIk AR - BIE Li FA UV 5 2012 4EFTEE R 0 BERLAES
VUL A B NERYEURAER N B A R RS RN R —
FUELEE VORI A= F/ N EL B — 1 - SHEAE DNA EJE PR (clone of
standard DNA) BIRHIREIR 5 107 ng - BEUE R 228 240 2%
SR R —E % (10° ng) @ -

3. ;BB ARIEE ;% (Loop-mediated isothermal
amplification, LAMP)

AT AR R R FR 10 25 2 e T A IR 0 i > IR RE
il By 2000 FHF > HAELE Notomi B EL[EIR s AL BRI
Fefli 7> R A R A A T AR B HAAE T (strand
displacement) Yy DNA ZX &8 (Bacillus stearothermophilus DNA
polymerase, Bst DNA polymerase) RAE{TIZ B - BEIILA T
AT A R E o TR A TG R T R R R E - TR BRI
PEEEREIMEDR T (89 65°C) MEITIX RN [ IE - AERAEIRER
T EEE AR TR 60 08 - weal Ry —EE PUERN X
BRI Al -

AT IR B AR S 0 I FE R R 18 B A e e 53 s T
3 4H5 % > 3R RS IS (outer primers) ~ N5 [F¥F (inner
primers) LAREGIRS ¥ (loop primers) » HERENE HAEYIFHIHY
PR R e et SRS [ 0 A T R DUIRD R ER IR IR K e
H— Vs PR R R B o (0 B O BRI R AR L
ETHBE AT LRl 2 B [ TRV S - E T
3 4H5 [T RIS B R 6 (SRR R - NI IRDRIR
ARYE Y R FER i e 38 Fy 2 — ([ S — MRS S X B S h Al -

TEGEFHGEE 5y - IR ERARE S R TR & PR FR e~ B
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T > R W DA FE A% 2 D8I A P TR B A 0 S Bl DY
g @0 o phA > AT R FE ML TR SYBR green I a8
S (fluorescent dye) 20 » BUFECELEFEE (hydroxynaphthol blue,
HNB) - Bl (CuSO4) @ E& B T15r > D2 s R IE
Fo [ FERRIHIMAE » Li A "9 1A 2013 4 LU BRI IR TR K2 1
FEGHY B » RIB RN S #R4m 5% EF155535 41 > BHEE th &
B T T B 55 U R A B/ N 2 A HIRE Al IRELA SYBR green 1
Z 2 OEER A NGER - R & 2 RSB IER
Rt E e A M B M S 7 A o T T S U B A B N 4 B
FE[R4H DNA (genomic DNA) Z folllfi[R w2 10 fg > h4h > 2%
Fe iR o] F A A S PO AR BNl 2 B B SR BRI R
A A AL - HARLREE 100% 0 o Zhang ZEA 0 Bl Peng %
A OV IR IS SRR E M SR SR L A PR (F1985561) B
FFELME S TG (BF155535) » DURDR IR IR IY K FE R fir #& Hc Bl
FFIE ARG EE R TE > 43 BIFS 2013 4REL 2014 FEBHEE AR
TR A B DR AR EU N ¢ B DURY A BN O )
I B8 IR B R P 3 K7 JE (real-time fluorescence loop-mediated
isothermal amplification > RealAmp) F¢fiiy » LLWA 77 ¥HEAE DNA
BEFE IR MHIRERIR 5y HIZE 0.4 pg B2 3.82 x 10° copies 5 ¥ AT
B i 2 R TR PR AT 53 10 spores/g

4 fRieVIE ;BB A5 E 8 /X /& (Insulated isothermal
polymerase chain reaction, iiPCR)

b 4 2R 2 G R A S R E - %y — A S B U A e 1 Y
2 BERUTRAE 2002 R - BEEIEEE Krishnan BLHERR
J* Science HAH » #E T — ARV R Z PCR (convective
PCR) Feffif ¥ Hudse ffir 32 /2 48 FH AT - H4Y (Rayleigh-Benard)
BEREE > FIAEERER L NI ENCRE > #i—fEE
AV TR ETEY R SR TSR (61°C 2£97°C) » FINEE]
PCR [ JEHSTE o 3R 2209 = (I S FEAV BRA R « BRI B R =X
PCR 35 4B R A INF R RAEIE - BRI KR 450 S FERE RS
T R R 4R IR 5 B B S R R iy - 2 — (bR -~ fEE ~ o]
BRI AT 704 - A BB (on-site) BORIRE ST - HLT
WERAES S EORE AR EEEEE > 25 TERR
SRR AR 40 ERIR AR ©7 - sEvE R Y
S5 oS4 o BRAR UG B G S K7 E Rttt mT A B (47
975 I 8 BLAROHE > S RETAT S G —ERARTE o [FRE
FEF PR ~ ABME ~ T ESRME - AT 5 BRI IR 2 k%
EHY - 1 2016 4 » Lin A ) BRIRIER B TAZSEFS
EU379562 » DARR4B U R Gl o5 S TER Al - BHEs B A
TEPS TR 5 DU 2 AR T NAE 7 PR AR MR G > AR T e S A
EEE AR AE DNA BEFERREIAI T FLRIZH DNA 2 Ao IR R A >
5yAlEE 1 copy B 1 fg o HULFlT A R EITIRETE K i - B
AT 60 578 58 B BRAR U R T S BE S8 S T > LUK H
M B AR 2 R EHRE B R L EE SRS - 2N
[RE R % 2 B RUR SR T E BB A S E R R R
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OV BEE(E % PCR AYMCHI 5247 -

fham R EE
KT TR ZRENE S BA SR SN EEN
J& ~ BIEEE SR E A E ~ ORI A K R @R &

B N e oy Tl (R—) > st skttt I & AR s T
IR SRR — AR IR TS - BRIMES RN —
M HEPREREEEYR S E SRR EoR  HE
HATMEREIEUESS - 1EHh > EHly Thefl AR BUE R
A LU I BB RS R (2 R RES LR
WERAR) > NIAETTZE R MR - SR R AT 1)
R E R AT A o BEZR B TR ORI i 4K 2 AR A 5%
[ - EMrs AR B IS RS TR E - AT LR 2 51
FeR B L BELRE S ATRE] - PR TS T i B A
MR LEHAR 0 R 3 2 S 68 i 5 R
HRARIERE » loasEENNEERS > B ESERLATE
R Z A IEEDUr T il BRI B B T AR A
AMRERANEREEH AT - WEEH ALY B FRAE i
Lgﬂﬁﬁxﬁﬁmﬁﬁfﬁiw MBS B E - BEBEET % 1F

YrREN RIS » B RAENRBERE - AEREELE
SR CEBLE RBP4 RRETVIAHIE - dTEAT

SIRHE RN E S TR R O T AT 0 R
BT AT AR P A HE B R R T S AR R D R R R
HERVIAEEE < (ot > RRERII L SENVHETHEE

B Bt o PRI A ~ SRR UL AR - S A
I3 TR T A ] = S B A A F LU L R B = T
TS 2 - BEEE oy Tha IR RS BaT 1T LAtoh Bh B M FH &
REERRLE - R AV Qe H A R B E 75
HETHERE 2 &Ga B8 - MR 2R E BELN LEYR

RS IR BT - R BE B PR A S 25 e ﬁDEH
U SR RBE R ~ BEEDARCR ~ PUR AR ST 5%
BREGaEE TR EARCE -

@HE%

BB
A I RO R B T A S L TS
SELLHITL -

s>
==

5| R 3R
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Bananas and plantains (Musa sp.) are cultivated in humid
tropical and subtropical areas worldwide and are among the most
important fruit crops in the world. Fusarium wilt of banana (FWB),
which is caused by Fusarium oxysporum f. sp. cubense (Foc) and
is commonly known as Panama disease, is a destructive disease that
currently affects bananas in all banana-producing regions of the
world, including Southern Asia, Southeast Asia, Africa, and Latin
America. Accurate methods for monitoring plant health and detecting
the pathogen in early stage are essential for formulating appropriate
and timely disease management strategies to counteract the disease.
Recently, an increasing number of molecular detection methods, such
as conventional polymerase chain reaction (PCR), loop-mediated
isothermal amplification (LAMP), real-time PCR, real-time LAMP
(RealAmp), and insulated isothermal polymerase chain reaction
(11PCR) assays, have been developed to specifically and rapidly
detect Foc. These detection methods offer high degrees of detection
sensitivity and specificity. Herein, we briefly review the molecular
methods currently being used for the rapid and quantitative detection
of Foc and monitoring of banana health, with the aim of providing
the relevant technical information in order to encourage much needed

research on reducing the dissemination of the pathogen and the

economic impacts of FWB on the banana industry.

Keywords: Banana, Fusarium wilt of banana, Panama disease,
Fusarium oxysporum f. sp. cubense, Race, Molecular

detection



