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v TS H# 538, > ‘GrosMiche’ ~ T3 | & THIRE,

HOMPRERDME  BHERTERIWSMRE o MBI BAE 5 wk Ko — 302 o AT - BB
BRER - BmE S HHBEERERRIFEREBICHLIEITRE NN - LRSI TR GBI R
JEH MR BERAEFERENBRREAZIAE A RAEZBAFE - ERBAT MK, &6 HEAS
AP A R R A B AE T ‘Gros Michel” %48 ¥ % & Bos 2 & Ak -

RARE © B BERIEN - BEER - IR -

IS

A IR XM E 2 5§ (Panama
disease) » {4 B Fusarium oxysporum f. sp.
cubense (fiifl Foc) [RFFEEHL - J&§ TR E
BREE o BB K2 IR %
F R (O’Donnell ef al. 1998) - Foc X B 43
Fo 4 {843/l (race) » HA DUSS 4 AU A E)N
fE¥ THEE | (‘Cavendish’, AAA group) 24 &
BEREE DENEANPERFKE (Hvang &
Ko 2004) - R {44 HE EHEIE 2 7 BIRED
MERAREYR  EROREEHZE - EifE
FEREER SABHUK > M=EILZEM (Li et al.
2013b) - HEIRETEREE T EERMAE=EL
HER EERMEEZR R ER ZH (Nel-
son et al. 1994; Ploetz 2006) - FHjp5 & kg 17 4h
Bl FEREREER LI BER(EtEEH
A8 7E s S (R IR 2 — (Ghag et al. 2012;
Chen et al. 2013) - HA] » HAA WIS 1L
WERHTEANNGERE KWL BTHE

BEEREHEEEENEAEZE  BED
B B 7 2 7 FE vl Ry R )77 2 — (Bud-
denhagen 2009) -
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# 25.5% (Taiwan Banana Research Institute
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HIEH O BPIEEERSE (Chao ef al.
2009) - "5E 5 9%, (Musa spp. ‘Tai Chaio No.
5, AAA genome) > AR R TR, 0 H
Kh TEEISR, 0 KEMAT R LR, -
"G S SR BT B E AR R BUR M sl S
o fHER TIREE B ERE 18.6% 0 TR
FESHR, EA 16.5% 2 #mE > Bn 'BHES
5% WERESEEHEA P (Taiwan Banana
Research Institute 2002) = £ §g £ | (Kluai
Namwa’ B f# ‘Pisang Awak’, ABB genome) >
81 AAB YRy TR EE ) (‘Latundan’) ~ MR =R
B (‘Mysore’) ~ AAA AU T4Lf7 2| (‘Morado’)
TEEBLERETRS - Bl EE, - Hk
FEH: 2 FE M - M R P00 0 TEER A ¥ Foc
race | % » {H¥] Foc race 4 RIJEJH (Li et al.
2013a) -

It Foc By HIMEBEF > EHLEER
EREHELE AR SRER o T 0P E £
/INTE 0 R 93 A2 D7 AR F P PR U i i 1
1% (sequence characterized amplified region;
SCAR) E R i m H — M5+ I A H & &
HGHRZ E (polymerase chain reaction; PCR) 75
NAETKE YR > IR race 4 H—1 R
BE > IR E & 5y Foe RN[E4AH/NEZ H
(Y (Lin et al. 2009) - HAt g ] Foc HY£ily 7R
W FEA > H1$E PCR - real-time PCR (Lin et al.
2013) ~ B2 AN DR #% % B fE % (loop-mediated
isothermal amplification; LAMP) (Das et al.
2012) ~ real-time fluorescence LAMP (Lin et
al. 2013) % - [L5) - JNA A A E A DT E T
2 B ESLTEN 24 (Ghag et al. 2012; Chen
et al. 2013)

AN TR E B3 0L A T B R A B R
2 A FH LB 288 S 40 KF 6 TEA [ 7 A8 e R
Rt s FERAEE 0B RS EE - Y
i B B 0 B ~ B TR BRI
WA - BRGHE - 59 AR EIL
PCR - real-time PCR % 7 = i& b &5 2R [ &
RE T2 FER R SN EEmE R I =E
TR Ay E & 720 0 DUE B i R SR A2 [ Y
B B i P R v B0 5 RN A IR P A -
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AehBRArfE Ay bR, - bR, - ‘Gros
Michel’ }t "G 5 5%, /NeEH G ETEVE
At - TREEERE B OTEOBRAE WEHRIEE EER
5 (BB » /NG B0 2 45 4 1 i 2 L 4
SEaEREEE  ESRY 1 mo K/h—
BOfE 0 BRED B3 BEIRERTE AL (1/2 MS salts,
340 mg L' NaH,PO,*H,0, 160 mg L adenine
sulfate, 3% sucrose, pH 5.5, 0.7% agar) >
25C £2°C~ 12 h LR T & - Rf/MERR
FRELE > EENINERERENL S
wk & BEEUMR = — B H B R 0y /N T B
T E B -

R TT AR R

Foc B @3 B £°% Tripathi et al. (2008) &
Twizeyimana et al. (2007) F &= NEL 2
‘-5 o Foc i (TBRI-3) HUE FEWFT - Foc
7 BB (4 2 A Difco™ Potato Dextrose
Agar (Difco, USA) B2E A - F /M EFE X
B : Foc EHEH Difco™ Potato Dextrose Broth
(PDB, USA) KAEREE#E 1 wk (28°C, 150 rpm)
BN R (E A1 /E T Cheese cloth ##)&
FhrES > S EBRATR - FAEELE
FER¥EEA o 6 A KODA 736 F A ek
STEBHEATRE > FAEMATFEEHER
[ 10" spores mL™' « FiA IS M E EL S
R R (121C, 20 min) » SR & ELH] R iR A
BE : Fok#S © Foc filFJEE 107 spores mL' =
2500 : 131 : 500 (mL) 25 > 7 28°CReE |
mo ° FFFEE 1 mo Y+ ¢ MEERAE =1:3
REEERER - BEER > BEESE SRR
MES > BEFREE CRE 25-28C) > BEE
B HELELS K TEAREH 2 AHIR
4o EEREED 3K - FEER Foc A LEEF
H &' REKEIRBERZ Z R - RFINE
EHEEERE 7 d% > REgERRENE
il A 1 2 20 mL pot” 22 107 spores mL™' 2
Foc f% » Wi7E 1 wk ZEE#E EHY RO /K 2
Ko 1 WEEL B 30-40 mL pot™ -
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DNA Y PCR B2 qPCR i@ HIEE = E

RE

{# B MasterPure™ Complete DNA&RNA
Purification Kit (EPICENTRE, Madison, WI,
USA) #fiHl DNA - PCR Ef real-time PCR f7 [
B 2 5] F B Foc-1 : -CAGGGGATGTAT-
GAGGAGGCTAGGCTA LK Foc-2 : -GTGA
CAGCGTCGTCTAGTTCCTTGGAG (Lin et
al. 2009) - #E{T PCR [ZJE - & S~ $ERG TR
525 uL > 43rHIBIA 2.5 uL 10x PCR buffer »
2 puL 2.5 uM dNTP ~ 2 puL 10 pM primer ~ 0.5
uL ProTaq DNA polymerase - PCR [Z JE {# [
Z #VE| © Pro Tag Plus (Protech > J7 45> &
&) o PCR {54 A 95C 2 min » 3 95°C 30 s »
60°C 30 s~ 72C 30 s> I 40 {# 1§ & % & {7
72°C 7 min o BT I 2 B S T 5 FH U By
KAPA SYBR" FAST qPCR Kits (Kapa Biosys-
tems, Woburn, MA, USA) » Z FENC /7275 [H it
R o RGN ESTH % ABI PRISM®
7500 Sequence Detection System (Applied
Biosystem, USA) #E1TJE » S fERR{FFy S0TC
2 min & HEE T 40 AVIEER I IE » IEIEIR
JE R £y 95°C 30 s 2 60°C 40 s - 40 {E{EER
FE{% B # 1T dissociation cycle : 95C 15 s »
60°C 1 min ~ 95C 15 s K 60°C 15 s » FESLCK
P B — M o STEIR R FTSHY 45 SR B A Excel
BT ERERERE - Foc MG EMNAF
FIFE R 1% Y Foc Z&[K4H DNA (genomic DNA;
gDNA) Byt - 1T B2 & B 2 55 S FE -
5 DNA HY R B BB 1% BLAH H ERY Ct (5
TEGR IR - RIS 2R B Ct B Z BifAC -

BRI TR EER

20 T P T 75 B S B 7935
B AR RIS B -
HIE TR HATT -

ERH=EH
EWRER &

=X (chlorosis, %) = x 100%

TS B E 2 (disease severity index; DSI) »

HIE B g 1 sl -

BE#{EZR (corm discoloration, %)

_ 1?%2)]@%%1[:@% < 100%

REE D) a4 A

H R BEG RO AL B 5 5aREE 61 d
ZREEREAE > G ERA o A
F Image J § #& (http://imagej.nih.gov/ij/) 47
o) R AR e e (L A
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Foc 97 [ & 2k B & WP > &5% 1 mo FIH
oy BE R flo BE & Y PDA 85 A 0 £ 10-14
d 1% DA B KR B AR T8 H #5 A © Foc I [
B E MR AR E DU S i g S FE R IR B R
% » Foc-1 8 Foc-2 5| ¥ o] E— ML il iiE & 78
Foc %5 4 /T /NfE 242 bp F B > RSB AL E
TKOTEEGE SRR o AR AR E R E A
s B E LAY Foe ([@ 1) - 4N B
7 Foe [ E AR 774 At Ea A A BlI6S
BT A S E L AT > Ay HECHI S x 10°~ 5 x
10" ~5x 10°+5 x 107 B1 5 x 10* ng Foc &
[R4H DNA - g 8lfg E1EAELR ([ 2) » Foc B[S
DL R R (log of Foc concentration) Ei
Ct (threshold cycle) EFI4R IR/ - EBELG
PG i GERBURRIER R -3.8751 > HiEE R
23.854 ML E (B (R® value) 22 0.99 b
F > A[EAR Foc iR R 2 E BT

F 1. = EH L MR R AR -
Table 1. Disease severity index of Fusarium wilt dis-
ease.

Score Appearance

No visible symptoms

0-1/4 leaves wilted or yellowed
1/4-1/3 leaves wilted or yellowed
1/3-1/2 leaves wilted or yellowed

1/2-3/4 leaves wilted or yellowed

w A WD = O

All leaves wilted/plant dead
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1. DU E I 0E 77 8 E Fusarium oxysporum f.
sp. cubense race 4 isolate (Foc) FI| F B —M:5]F Ik
Foc J7 B HI I 8 € B B == 55 % 2 FOC » {¢ 13t
(Lane 1) ~ i Foc #%f# 2~ 1- 1 (Lane 2 and 3) J Foc
F4REE (Lane 4) - $2% > [ AIHHHLZ 100 ng DNA &
PRI HETT 40 XAEHR Z PCR » PCR &EREURIR 2%
DNA B IK[E - B EOFTIRTEHIE Foc BURRHI A B
R/MILE

Fig. 1. Identification of Fusarium oxysporum f. sp.
cubense race 4 isolate (Foc). Specific primer sets ampli-
fying Foc fragments were used to identify cultured Foc.
Total DNA was extracted from inoculated soil (lane 1),
Foc-free soil (lanes 2 and 3), and one sliced of Foc cul-
tured medium (lane 4). Following, 100 ng of extracted
DNA were used as templates to perform 40 cycles of
PCR. Results were shown after gel electrophoresis.
Black arrow indicates the position of amplified Foc
fragments (242 base pairs) on 2% of DNA gel.

BEEERRIURITEE

Fo TR BE 7 93 B B2 38 2 Foc 95 [ BB 2
P > TR R R BUR AR LS B RUR 2
‘Gros Michel” [ fd fy M} » B2 2 7 B Ak 5%
IE B E E A 107 spores mL™ 2 1l 1
TR SR 8 e B 1 mo RITT R
‘Gros Michel My ¥FtGH L » HIERERE
RESE T _ BT - FEfE% 70 d BR L EEAL
EIESN s MEAREIE (B 3B) » RELEVIE
JRA] R4S R (L -
NEOEEREHEERZ TG

REEE TEEERE, - BORE, ~ THibE) -
g 5 9% HEE, LK ‘Gros Michel’ & 6
1 S A S S B B R o BN — B
B4R Ak b B TR Foc R NE T > &
HAGC SR PR R 1R T S b 2 LLfl - KIEH=
ERGETEREUR > HER 40d > TFIEEE
1 ‘Gros Michel” ZH R » & TR B B H A
rufd s (P <0.05); iR #% 53 d > ek, -
'BES SR, - bR, - ‘Gros Michel &£
rofEAH ISR > TBORE, RO Db, MEE
RAMEFHAL 4 (85 fE > ZRAEEENE (P<

BesH H4
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0 L I L L
-4 -3 -2 -1 0 1

Log DNA (ng)

2. Ll qPCR #iE Foc 4= DNA #EfTERE SR -
(A) 1 qPCR Hg i Hh 4R a1 5 Foc DNA JRIE 2~ BHUT -
a:5ng b:5x10"ng>c:5x%x107ng>d:5x%10°
ngre:5x10%ng > f:5x10° ng - Rn: BEERGE - (B)
F Ct {E 8 Foc %IJE log DNA JE S5 7 fE dh4g -
Fig. 2. Amplification plot and stand curve of Foc de-

tection by qPCR assay. (A) To estimate the sensitivity
of qPCR assay for Foc detection. Amplification curves

[79e1} [T9eL)

from “a” to “e” were generated by qPCR analysis after
using 5 ng (curve a), 5 x 10" ng (curve b), 5 x 107 ng
(curve ¢), 5 x 107 ng (curve d), and 5 x 10™ ng (curve e),
and 5 x 10” ng (curve f) of Foc gDNA as templates. Rn,
fluorescence signal normalized with passive reference
dye signal. (B) Standard curve was generated by plot-
ting values of threshold cycles (Ct) versus logarithm of
DNA concentration of Foc (ng).

0.05) (& 4A) - E4h > FERTE R disease se-
verity index F & 51 545 5 01 o SR AV 45 R AH
—EERIAE R (B 4B) - bR T = R B RTE
AN > B LAR IR o] F B o S50 MR e A
fefE >y — o BalEnis 61 d VA 0 £
T B R IR At > BEITREEADS (corm) &
VB2 > GRBURIIE A SRR 80 6 fhiE
B BEEEEBEZAQG  MBRENEHE
THEeldik > HA "BORE ) MEREETIT A
AEHE > Hep S ARAEENERAREREZ
RIS (1B 5) + F ELsR [a] dn e B v R Rl
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3. Foc Eum Izt
22 (25-28C)

T AT B 1 (A) A E 1212 70 d (B) Z ‘Gros Michel” fE RS IR » L HRIFETR

Fig. 3. Pathogenicity test of Foc on banana cultivar ‘Gros Michel’. Bird view of phenotypes of ‘Gros Michel” culti-
vated in Foc-free soil (A) and Foc infected soil (B) in greenhouse. Photos were taken at 70 days post Foc inoculation.

HEw{br 2 8 RSB FIF Image T #RAEHE
&l R BT BB AT > 45 RN ‘Gros Mi-
chel’ A E LA R E » T "B, HI
LIRS > BeBE = REE (P <0.05) (%
2) + ) R BTRRS: 3 il 6 R R A 6 A AE T
REFLE Foc Fi[K4H DNA & & > b BB
ah o HEE, ~ TEdbE, - TBEE SR - ‘Gros
Michel’ & "#EE5E | FEHM MW Foc 71 (3R
2) o RtdERBEREARABIRET > BOR
B Bz 6 SRR TR B PR -

]

A B2 R AT H = BN B 5 R
(Tang et al. 2002) & T #0453 E2 > & (1)
THHE 2 B © Tang et al. # Foc H &k iTE
VB LT 3 wk AV &8 5E 5 A5 B
TEHESMTENMENEE » PNEEHERIDAZE
#=HY Foc fIF#2K > H5E | mo - (2) #EfES
&+ Tang et al. 75 E 7 E BLRD R & 12 HL 10
mL BEENAK > HEEEERTNEZA
A s AR I R T B 8 L E E L 2 AR
BB E A% 8N 2ek > KA RE
M ENEERSEFREEATENE R
e (3) wElEE W MEEWM=EIER
AR EEE T JEE 1 mo BB ET SR
i 3 mo e AsUEELLHFE 5 wk K/
—HZEHEETHE AR UBIIENETE

TREEE R - B 6 SFEEE 2 E R 2
TTabl o ERBURE B 2 mo 1Bt » THr
Je% ) B TIEE, AN - LS REB\EE
W R8s 2 2 SCRR&E SR AH 1 (Tang et al. 2002) -
PRI > RN EARIE /M E 53 d 1% 0 fEARH
ERAVEREEMROET > TERE S 9% AVMREE e
B AlmEEtER TR BBk
1A sl o AP AT R E
TE&E% Y0 B A SRR E TSk
HY2e K7 15 01 > BT 02 sk B AR E Foce i
PR o I > AEERH 5 wk ZEH >
e /NI E o Tang et al. $R FBORE FIRY
BN U705 o]k o LI AR R BE ) A K T 2 AR it
PR o EARGERERE H BRI ER T > 15
FIi Ry BRI - A AN R E IR AL 770k
HEETL o RS R INEUR » ‘Gros Michel” £y
BN sn e o TR R Ry 2wl sn i i By Bt
% > 2009 4E Chao er al. (2009) %f 6 f& — fr g
EE DT E R A TR e o IREEH B
WE HEEREADE -

A A BN EAEREH > FEH
TN RE R E AR R 5 = UHE 5 Bl TEL
WE  WTUETASHERABEELSKTEL
e RS - HiEVIFEERN RIS
W B RHERERAGETRERE » IIES
HER ARG ESE R - R > 2 8 DL FE R S (S
TR T A PR T E R - AlBRbR T
A B AREBREREEREE - BEBLEER
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4. NEFRLE Y S ERERRRELRRY - (A) K 29 - 40 81 53 d ZEREER - ER4EEH ANOVA
1 Tukey’s test ST EEERIFHEAEEMARAIR a ~ b (0= 0.05) » GERHEST S B - (B) 6 (B ERE
i P R B R A ARy T UREER 1 -

Fig. 4. Percentage of chlorosis leaves and disease severity index of 6 cultivars after cultured at Foc infected soil.
(A) Percentage of yellowing leaves per seedlings was estimated at 40, 29 and 53 dpi. Error bar represents standard
deviation of 5 replicates. Data were analyzed by one-way ANOVA and Tukey’s test. Groups with different alphabets
represents a statistically significant difference among them (a = 0.05). (B) Disease severity index (DSI) of 6 cultivars.
Values of DSI obtained from Foc infected bananas were estimated according to the criterion addressed in Table 1.

PUR qPCR 5 EA TR e & - A P #EH
FEBE T EBLBRELY - AR BIRE
T REB(LREL qPCR 1Y HIE 45 S iy MNE §E
AIAETE - HE&E R AT E1LET( - FEA qPCR
HRETHERN - B - B - HIRKE
EENE HACEZEANEREMERSEW
@ f] (McCartney et al. 2003) - L) qPCR 5 JH]
FETE K@U (Botrytis cinerea) Z K25 T[]

Fo BEfET% 0-96 h B R N BURE  HE ]
AFRHRIEE 1GS P51 Bo & REZNAERER R
EE{F By 2e%14H (internal control) B A #ETTE
i (Suarez et al. 2005) ; FZ+F(ER EITRE
(Alternaria brassicicola) HIFRHIEATF » JRE]F]
Fi qPCR J5 =M B 1975 i & Cutinase A
RH#ESTE R > HEREIHE YRR GIET
% WRHEAEVEFEANEEYAEERNE EM
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Foc

Pisang Awak Rose Formosana PeiChaio Tai Chiao No.5 Gros Michel

B 5. AEEELEEEELGEY) AN o fHIE 6 (E S fER R Foc F1IH Foe Z HIBMEE 61 d 18 Z WEDRE - 57
BHFE R A LAIERAL -

Fig. 5. Cross section through the base of 6 banana cultivars. Internal symptoms of 6 cultivars were examined after
inoculated by ddH,0 (mock) or Foc for 61 days. Arrow indicates discolored region.

2. 6 EAEFRELET Foc 2 & BB RERANEEZE -

Table 2. Detection and quantification of Foc in corms for 6 cultivars of banana.

Cultivar Discoloration” (%) Foc concentration’ (107 ng)
Pisang Awak 26.3+£4.6ab 13+£05a

Rose Oc ND

New Pei Chiao 13.5+5.5bc 12+05a

Pei Chiao 17.8+7.5 ab 25+10a

Tai Chiao No. 5 234+49ab 33+18a

Gros Michel 337+74a 45+22a

“ Discolored region and total area of corm was determined by Image J. Percentage of discolored area = (discolored region/total corm
area) x 100%. Mean =+ standard error (n = 3). Means followed by the same letter(s) within each column are not significantly differ-
ent at 5% level by LSD test.

¥ Concentration of Foc in corm (50 mg) was estimated by gqPCR and Ct values of each reaction was calculated by using equation
shown in Fig. 2B. Mean = standard error (n = 3), ND represents the Foc concentration is lower than the detection limit. Means fol-
lowed by the same letter(s) within each column are not significantly different at 5% level by LSD test.

f## (Gachon & Saindrenan 2004) - {2 Foc 1£ b Bl TEEEEES, RHIE 1.2 x 107 & 1.3 x
BN A T B A - S5 B % 4 (hemibiotrophic) 107 ng > % L, ~ "B E S5, K Gros
B HEDIRE AT HE L 41% > Foc i Michel” KK ’@EEK%E% o JRAE b,
8 I E (necrotrophic) B EE » T RE & AR 4 "G E 5 59%, K ‘Gros Michel’ EI’ME)‘EJ%%?fj( ’
ERAAESET - BUARE qPCR EERANNR B qPCR AV ARBE 5 > HEGE
BDAVSIT”“%JZHVEZ%%TM TR EERREE S0 mg IEA(EH] @EAffE%WéEP?I{’E%W?’“%J%M
ZIREAEME > ZEETR BORE, AR THEANEE - AREFIA 6 miEEE T
F| Foc #p » H A2 3 G 0045 Foc » T =ERMHREE > Wil 3 EARENBRIT
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BEEER - REE(LEE ~ qPCR ZHlisE
BTGB AR By 6 e T R U Z Al o 1T “Gros
Michel’ B 6 dinfe o iz J8lp 2 e -

S5

ATt ECERETHREEZ R
fatdE (103-104 BEF-6.3.2-12-Cl) #iBhmlER
&H o SRR
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Evaluation of Banana Cultivars Resistance to
Fusarium Wilt Disease

Cheng-Ping Kuan', Meng-Yi Lin’, Min-Tze Wu’, and Han-Wei Chen""

Abstract

Kuan, C. P, M. Y. Lin, M. T. Wu, and H. W. Chen. 2016. Evaluation of banana cultivars
resistance to Fusarium wilt disease. J. Taiwan Agric. Res. 65(4):365-373.

In this study, for comparing different levels of tolerance in banana species to Fusarium wilt dis-
ease, several cultivars, i.e., ‘Pei Chaio’, ‘Formosana’, ‘Tai Chiao No. 5°, ‘Gros Michel’, ‘Pisang Awak’,
and ‘Rose’, which were commonly cultivated in Taiwan, were inoculated artificially with Fusarium
pathogen. Percentages of chlorosis were estimated after culturing two-month-old seedlings of bananas
in Fusarium-inoculated soil in greenhouse. Besides, we examined browning region of corm sections
of Foc-inoculated plants quantitatively and qualitatively and estimated the amounts of Foc in each
corm section by real-time PCR method. Results showed that cultivar ‘Rose” was the more resistant
cultivar among six cultivars while ‘Gros Michel’ was the more susceptible cultivar.

Key words: Banana, Fusarium wilt, Panama disease, Tolerance.
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