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FNHEGE PFLP FIEMNCEDIE FE SR WSE

MEcCE' BAaT T BuRR Y BEAKC B

e

BAECE ~ BT - BORE: - BHEK - 5FF - 2018  FLR##IE PFLP AN C R T E R
T Z 5T - GUERIEITIE 67(2):209-217 -

W Fusarium oxysporum f. sp. cubense (Foc) 51 #eZ H R ¥R UkA T L ¥ RMHFER T > BATin&
LB AL A BT AR 2 BriG » Lk VR ERPTERAEREEERE - AR FAE S XK B 3mSR 8 R
X ARABAFELABNGETFHRZL— - ARG AR BARR SRR - ABRBER—EER &
FRE R GRS H Foc HERBRMWAT LR ER T ERIARE  ARH L EMAA &3 plant
ferredoxin-like protein (PFLP) 3 A % & A& £ 37tk o 3£ 47 PFLP JX A 2 74 & $23F PFLP X H 4878 > & % 4F
LFE R T AAREFEFERZIAR - AR BAF B A FEZ Foc 38T HiF iR Rk g 54
VATRAE BB A& MR 50 0 3£ 35 b polymerase chain reaction (PCR) i AfmrRl M RIEE X F AL - 7 A
AR ARG B TRNEH 8wk A4 » AR ERTERARFPEFIETFEG I ERBRPE - L
PeB R AR A EMAR o & RIAT > MCPER-3-4 7tk % 7 AR Bk PRIt EROHK - &
AHF R R 0 PFLP R R ey F MRt & A B e m B F - R84 @ BT o0 R IR R it —

RAEE  EBA  BEEEN - BRI - MRt -
BIS J7i (Panama disease) » Hp[F Ry2R IR (Fusar-

ium oxysporum f. sp. cubenses; Foc) > B+ {EHMEHH
= (soil-borne disease) » & EHIBER S T /NEF
#% (microconidia) ~ AfIT-48 (macroconidia) ~ [
R -2 (chlamydospores) DK E 44 (mycelia)
(Smith 2007) - 1968 4F B} 71 Jf B i A 4 B X

HEE (Musa spp.) 5 & E R} (Musaceae) 11
EBEAEY) > FENRED - BRFE KR
MNAEER » F = AR e BV R se BV - IRIZRAE
@R 2016 EEEREER R 25

Hg > EEEETSET EREBEENKE
SRz — o B & &t R 2 K nn 2 S TR
HEMAGERERE RN Ao %E &
WEHA GG - HREGENEERELE
B MY B (Fusarium wilt) ~ B2 5 (banana
freckle) » DA K2 9% 85 M AN % 400K (banana mosaic
disease) F1ZZ4EJH (banana bunchy top virus) £
(Daniells 2009) « HH » F 5 TEH NEEEZ

BIEERP] > BEFETERE A LEEA 4 (4
A PH/NE (races) » & AR HUNEAYTE T FB R mAE
IRAEMRE - — A/ NEEZRS Aokt
(‘Gros Michel) ~ "#%#8, (‘Silk’) FI "SI |
(‘Abaca’) it "BEH5HE, (‘Bluggoe’) Fy5s
CABUNMEZ EEEE 5= A B NE R
HE %« (Heliconia) 5 11 55 U AE B /N Al DUFE 2 %
(Cavendish) % oi i = FEAR I Sn il By i £ > JRiE
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[XEZE G E (Sun & Huang 1996) -

AR ARFE R - FHEHI (Capsicum an-
nuum L.) BEFE I HUHEY RSB IRE A (plant
ferredoxin-like protein; PFLP) » 7F {8 ¥ # 7 i
JFR T TR Y R Py E AR B9 28 B R JEE (hypersensitive
response; HR) o1 #/} )8 B8 % /5 &1 (Dayakar et al.
2003) - IAZEER - PFLP HA (R AEME V)2 R4
A H s A B (reactive oxygen species; ROS)
ZRE R B ERY T AE (Dayakar er al. 2003) -
Tang et al. (2001) AR FEEETR » /KR R B
77 e E &Y PFLP BR (R » 7] 58 (LK AT 21
¥ Xanthomonas W P95 B8 77 5 1 PFLP & & %=
IR 2 P HLE TR (Arabidopsis thaliana) ¥ 5H % 3%
TR 1% - INEUREE R REFE T K
JEHITME (Su et al. 2014) » BESMTILRERHERL
(extracellular secretion signal peptide; esp) F—F¢
L > H & N-terminal g Bz 751 > BEAHE
B4 18 S - (Baf5e R 2 SRR EN
‘BT 2 RS 2 TEE o Outchkourov et
al. (2002) 1 equistatin & [ £& K £ %1] N-terminal
Hll_E—FE% a-mating factor secretion signal J3 71|
TiE8f - & REURZ B Bifia R & &0 BR
{E&fi 2 equistatin & [ EL#R > AEFE S 20 % 2L L
HIERE R E - NEHMREENIE (endoplasmic
reticulum retention signal) f—E¢ i1 Lys-Asp-Glu-
Leu VU{[&lfz Bl o7+ FrH a2 B Bl e 71 (ks
fi% P %] 45 2 By KDEL) » C-terminal % 75 KDEL
Fe 5 & B8 B 1 52 i HE B B i 12 F2UERS

EN'E4 (Stornaiuolo et al. 2003) - Wandelt et al.

rere

]

67% H21

(1992) & 5K & H 2N 0 £ KDEL F51] > 3if:
BAREREESFEYPRR > o REEL S
A KDEL FPAll 2 Bl G EA R EH RHE /AR
EEfRIBEZERE H #Y 20-100 f% - R KDEL 77
FIHERE ZEY  REBPAEEAAER
fEM -

AR E I E B R R ERE -
A PASE B 28 SRR B B Z BURBE ST - BFFEA
BEE - WRIRIFEE RIRENE - BT Ak
-~ mEREEIEE - BRFHEE - A
P& FRIT PFLP BN SRE I 28
IR MRS o BRI ARy PFLP &
HELMH esp S KDEL Fr¥ll.2 f&6fi PFLP 15 ¥
HERDIERE I 2R -

MG E

ERY LRS!

KRBT E 2 B & MR BRELRE
&fi PFLP & 42 MVES-3  MVES-4 » MVCS-6
MVCS-20 #8555 % » DLz #2357 esp Bl KDEL & i
7 PFLP % [4 ) MCPER-3-3 ~ MCPER-3-4 ## 5
% (B 1) - HEEEAEYM RSB R ute
b e k it 98 B AR (it - SRS SR 7 =04
Dayakar et al. (2003) Fipif - #5H 2 GERE E R B
pflp SNEER - W IR Foc race 4 4T
P (Yip et al. 2011) - Kz\Ei 55 DL ‘Gros Michele’
TE R AR (WT) 2 H I8 & - RelaprfE A
IR E AR E AR PRE R N—Z

(A)
(B)

B

1. (A) Plant ferredoxin-like protein (PFLP) ¥ (B) MCPER E4HEkatEsS Z B © esp AHUSN AT ERIERL

KDEL AN E 4R 5% -
Fig. 1.

Construction of the recombinant plasmid (A) plant ferredoxin-like protein (PFLP) and (B) MCPER. esp, ex-

tra cellular secretion signal; and KDEL, endoplasmic reticulum retention signal.
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B B E R B3 [E BB E B (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 £2C ~ 12 h
JEIRERST > RHEEAG SRR LN > /N EERE
R b == B L o S il A v 2 DU & T 2
X FE (polymerase chain reaction; PCR) fgHl 24
wAINEAA - YR #E DNA B HUZ (A
Plant Genomic DNA Purification Kit (PROTECH,
Taiwan) » ZEHUT ARG M T-MHES - A
SNFEER 2 BB £ 0 R IR 5 wk (R HkEE
Bom—ErtE TR e R -

e P oA

Foc FEfEzEi£2*% Twizeyimana et al. (2007)
J% Tripathi et al. (2008) fY#£fE 772 » Foc &R
(TBRI-3) HIHE M EE AN GBS EHITHT (Tai-
wan Banana Research Institute; TBRI) - Foc 7 4
R &% (# F Difco™ Potato Dextrose Agar (Difco
Laboratories, MI) 55 AL » g EEE TR
Foc & i* Difco™ Potato Dextrose Broth (Difco
Laboratories, MI) J&HE#ZZEE% 1 wk (28°C, 800%
g) 1%L Cheese cloth #E)E Z:FRE4% > WSS EIE
Tk - MR OAAREER - (THER
KIENE#T - WA IMEKETEES T R R
BT TR 2 S BRR S 10° spores mL™ © AT #k
B Ve B A i = B E I EE (121°C, 20 min) »
SREEEE BIRERAE © Eok# ¢ Foc fil T2 10°
spores mL" = 2,500 : 131 : 500 (mL) 2%&f » A
28°CHEEE 1 mo » FFEEE 1 mo 1~ ¢ EERAE
HE=1:3BEG&HEH - #EE > BEELEE
EERENE T BEEIVRE ORFE 25-28C) »
FEEE FELER S UTaAREE
A > BT 3 K o B Foc i T1#
S ERERE R ZERER R - NEE
PHESEERE 7 d R FERRE N ERIMA—
2% 20 mL pot' 22 10 spores mL" 27 Foc S%
WiAE 1 wk NS B Y295 (reverse osmosis;
RO) /K3 % »

B R IA A
AGERFR (V& R R AR RO T

o BAERHER  BRIEROUR BB R
HE TR ST

e R BB

HIER = - x 100%
T eHER K ’
TS B E 2 (disease severity index; DSI) >

HIEFEE B g 1 sl -

B EE®B(EZ (corm discoloration %)
_ [E&EINag G g
(EERINag i

x 100%

HFREBRE G LEMHEGEERE 4 d g2 &
i R AR M R A H R o R
Image J #X#E (http://imagej.nih.gov/ij/) 5747
[ETEE = (e AR T

FEREET R
BiEHEEBIER D T8
DL PCR fi | #% % JE & MVES-3 ~ MVES-4
MVES-7 ~ MVCS-6 ~ MVCS-20 [/ 5z MCPER-3-3 -
MCPER-3-4 EL(R4H B & A IMNRER » £2 K
T AAINREL A Py pflp:: T, S Pyss::MCPER::T,
Fir{sE AV 5| F%f « 45 580K > 6 2A H MVES-
3 ~ MVES-4 » MVES-7 DL F MVCS-6 ~ MCVS-20
WH % BAH545bp 2 HEER R -
2B 5 MCPER-3-3 £i1 MCPER-3-4 > 7} % Sl 4
844 bp Z HEER % » “W” BN HFA R DNA 2
22 ol B 1 BR 4 5 < Ry R JE ‘Gros Michel’
HEAHEG Al B A PFLP RN 2 H
s DNA TERRH4H - 45 REURETEE MVES-3 »
MVES-4 + MVES-7 » MVCS-6 ~ MVCS-20 ~
MCPER-3-3 ~ MCPER-3-4 2> PCR 4% 561 TF iz Fi

1. EHERZRERTEE -
Table 1. Disease severity index (DSI) of Fusarium
wilt disease.

Score Appearance

0 No visible symptoms

1 0-1/4 leaves wilted or yellowed

2 1/4-1/3 leaves wilted or yellowed
3 1/3-1/2 leaves wilted or yellowed
4 1/2-3/4 leaves wilted or yellowed
5 All leaves wilted/plant dead




212 BIEEEENTTE Be7 2]

*2. FEBESNEERTS TP IEEY R BRI

Table 2. Primer sequence and target size of polymerase chain reaction.

Construct Event Primer seq. Target size (bp)

Pissiipfip::T, MVES-3, MVES-4, MVES-7, MVCS-6, 5-aagggatgacgcacaatcecactatcettc-3’ 545
MVCS-20 5’-cgagctegttageecacgagttetgettet3’

Py :MCPER::T,, MCPER-3-3, MCPER-3-4 5’-aagggatgacgcacaatcecactatccttc-3’ 344

5’-cccagtcacgacgttgtaaa-3’

(A) (B)

2. HigEEE Ay TR EE A/ © Lane M £y marker » Lane W £ 2 A DNA HYZ2 [ #fIE4H » Lane - &
PEFIZHAYAREEIE ‘Gros Michel” ZEKI4H DNA - Lane + Al 5575 pflp BRR 7 B IEFERI4H - 858 2 MVES-3

MVES-4 + MVES-7 » MVCS-6 + MVCS-20 ~ MCPER-3-3 + MCPER-3-4 {fPAE R}~ E I o

Fig. 2. Foreign gene detection of transgenic banana lines pfip (A) and MCPER (B). Arrows showed the target size.
Lane M, DNA ladder marker; Lane W, the blank control without any DNA templates in the PCR reactions; Lane “—:
non-transgenic ‘Gros Michel” gDNA as negative control; and Lane “+”: plasmid DNA with pflp gene fragment as
positive control. Lane 3: MVES-3; Lane 4: MVES-4; Lane 7: MVES-7; Lane 6: MVCS-6; Lane 20: MVCS-20; Lane
3-3: MCPER-3-3; and Lane 3-4: MCPER-3-4.

HEAMER BEAR/NMET - EESHZ BEH
A HEERA -
BEEERYEER TR

S BEELMABEATAEERKERRZ
ST DI S M AT EHNELE
G - 8 3 RfEfd R 54 d (& Z MRSV RE
ERIFV » #5E % MCPER-3-4 fE PR ELEHETH
B BAERREBRY  HerEEEERRE RE
&8~ A RBERGIIN MR ER =L
ZRAEER - B 4A BN EFE S EHANE
FoEAL % o 45 B BiR > MCPER-3-4 7 M ik
ZERELE10%  BENEMEEZ > HE
HS% BEAKE BEBEER  BREEZ
{& #Y Al s MCPER-3-3 88 JE # (%16 % 30%) »
1B B L T 2 R B /KRR © D5 DURR I B
EE 2 & (Disease severity index; DSI) 4t =1 & 5

%> [ 4B iT: MCPER-3-3 jA ##fd % 32 d DSI
BB BTt > B2 fd 1% 46 d DSI BRAGH T E
7+ 5 MCPER-3-4 Jf* $ f& 1% 37 d 1% fi ] £ DSI
() B> 7 46 d 2 54 d HA Al i B 85 DST &
b - HEREIEMR AR B 32 d FRGHIERE
g B DSI & BT > DSI A HI&S R B 7
s LEERATT o LB =& 0 & 0 ER 15T
B S 00 & B Ry B8 JH %2 MCPER-3-4 - f | &5 £
BREZ @R » LR A 2 R L U
(I& 5) » #/~ MCPER-3-4 B E/(R Z REAE(L
% (30.22%) > H 85 i 2By MVCS-6 (33.68%)
MVES-4 (35.42%) ~ MCPER-3-3 (39.66%) -
MVES-7 (40.43%) ~ V215 (41.44%) - MVES-
3 (53.77%) » & @b F i & & Fs MVCS-20
(64.52%) (2 3) -

PFLP & O 8¢ &1E A » H N-terminal B
A B f§ PFLP 25 (/8 1% 2 3 4khe 2 sRIRHERK -
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o
- b/ h
“Gros Michel’ h _ M ¢‘)’ 4?‘ ' :"L MVES-7
[ 2 5 ¢ ‘) .3
MVES-3 >* ﬁ *‘_’A MVCS-20
/4
MVES-4 MCPER-3-3
MVCS-6 MCPER-3-4

B 3. Sl Fusarium oxysporum f. sp. cubense (Foc) M=z Mgk - DL ‘Gros Michel {F By AESE EHIE T »
B 5H 2. MVES-3 ~ MVES-4 ~ MVES-7 » MVCS-6 » MVCS-20 - MCPER-3-3 - MCPER-3-4 &5 jA B2 1% 54 d

HEFTIR A5 -

Fig. 3.  Fusarium oxysporum f. sp. cubense (Foc) disease tolerance of different banana lines. Non-transgenic ‘Gros
Michel’ and transgenic lines MVES-3, MVES-4, MVES-7, MVCS-6, MVCS-20, MCPER-3-3, and MCPER-3-4 were
inoculated in greenhouse condition. Photos were taken at 54 d post inoculation.

*3. BHEEE A BUREE 5 & B Fusarium
oxysporum f. sp. cubense (Foc) &L -
Table 3. Discoloration level of Fusarium oxysporum f.

sp. cubense (Foc) inoculated non-transgenic and trans-
genic banana lines.

Line Discoloration (%)
‘Gros Michel” (WT) 41.44 +25.84 abc
MVES-3 53.77 + 14.00 ab
MVES-4 3542 +17.36 be
MVES-7 40.43 £23.18 be
MVCS-6 33.68 +8.36 be
MVCS-20 64.52 £25.00 a
MCPER-3-3 39.66 + 8.61 be
MCPER-3-4 3022+ 11.99¢

* Discolored region and total area of corm were determined by
Image J. Percentage of discolored area = (discolored region/
total corm area) x 100%. Mean + standard error (n = 5).
Means followed by the same letter within each column are
not significantly differentat 5% level by least significant dif-
ference (LSD) test.

Al AT 5245 SR BER > A FR PFLP N-terminal .2
ek eRSEHERL - SES 4IRS PRI EI K &=
PFLP 7 275 » i H [ A HTIEZE (Huang
et al. 2006) - Lin et al. (2010) 43 7 f# & % &
PFLP N-terminal % %% #& =1 5% i ik 2 PFLP & =
FIVER (d-pflp) s HHELRRGHSRHERL 2 PFLP
i 2RI E S (esp-pfp) » DL K N-terminal 7575
A4 I ER SR HE AR 2 PFLP 8 8 R IE S (esp-
pflp) > i Rl =B IA AR B (Agrobacteri-
um tumefaciens) J=REEGE 73 A E AP ET AR
M o G5BT > esp-pfip FTALA T EFE PRI 12
& Ralstonia solanacearum 35 |5 & % » HFEH TS
R AR E R R M TE A - BB U s
IS BRI, esp-pflp B HE B0 2 BT
[ - KRR SERMERBRERRB ST
SEUR » MCPER-3-4 #7555 T 5 BH Y
itk BER ISR BELENES

HAR R H [F]— 58 Rk oy . MCPER-3-3 #87H
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100 5
A == ‘Gros Michel’ B
( ) 4.5 —~MVES-3 ( )
—o—-MVES-4
75 F 4T o-MvEST
— ——MVCS-6
X 35T L mves2o
w | 3L «g MCPER-3-3
8 50+ : n ~&~MCPER-3-4
o) (m)
k) 25t
<
O ol
25 . .
1.5F ]
’% 1 i
0 ) ) )
> > M A © N 2 > 05¢f Y
& ¢ ¢ ¢ e i
it N N N N @4 < <3 0 bt
& AN\ 0 32 39 46 54
Transgenic and non transgenic lines of banana DPI
4. BHEEANARBETERERBABRBRERY - (A) AT EBEKREER (54 dp) - EBREH

ANOVA #il Tukey’s test 5 H{& BEEE M2 RAFDR * (o = 0.05) > plBRHETT 5 18 (B) BinHhEERMEBE
FZE (Disease severity index; DSI) » FHEPEHEIZEE 0323946 H154d -

Fig. 4. Percentage of chlorosis leaves and disease severity index of different transgenic and non transgenic line of
bananas. (A) Percentage of yellowing leaves per seedlings were estimated at 54 dpi. Data were analyzed by one-way
ANOVA and Tukey’s test. Group with star represents a statistically significant difference among them (o = 0.05); (B)
Disease severity index (DSI) of different transgenic and non-transgenic line of bananas were estimated at 0, 32, 39,

46, and 54 d.

k- 55 MVES-4 f1 MVCS-6 #EJH Pk #E % 54 d
ZEREH({ERSH] B MVES-4 57% ~ MVCS-6
55% » BREA R A MR H B 2 5 - IR
7~ » > PFLP A [K|/Y N-terminal 7 C-terminal 43
5l #% F esp 1 KDEL 751 2 CPER ## 78 % » 1
Higm TEEERNTRN - HERETE R A B
F725 5 JA0M CPER #UJH # 2 S i as J1ie &
BLPFLP EHEMNREEMRHEEARM 1A
#E— 25 (Y EL s PFLP $5JH % B CREP #JH £
PFLP ELNFRFL & K& OE & & P E AR B 14
ZAHRAME - BER LR NAE R BT R b
KRR ERREAT  RER LR R R EHE
#55 MCPER-3-4 (30.22%) » H:20 5 MVCS-6 i
JEFR (33.68%) - 28 » FER mLRKEE > [
1% /B MCPER-3-4 » E X 4l 5 MCPER-3-3 ## 7g
o BN EREB(LREER bR W T A
ZEERA B EBMEBME - AR i
HEEREEANE - H AT R - 53F

ZRERES B EEN > HERESEEPE
W e HiE R ER M EEIVER b FRE
F B b B R b PR R — B AV R -

f
F Bt s B IR A A B B
[E B Lh i LR EE R A Bl IR & A > 475
REER ~ BRI RS R E M
BN E 3 PFLP B - A esppflp G E
HZ#EHE %2 BAREZHEERE > KK
T A ST R & SR 2 o — P 5sss -

R
AR ETR %% B GRS
(103-104 2 71-6.3.2-F2-Cl) L8 % 4% » L) rp
T e A 9 ELHE (6 5 R B 20 M A B
> S -
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Mock Foc inoculated

‘Gros Michel’

MVES-3

MVES-4

MVES-7

MVCS-6

MVCS-20

MCPER-3-3

MCPER-3-4

5. FEEESBREZEGRDIGH - DL ‘Gros Michel” 1E Ry A BTE ¥ I T 4 > BA#ETE Z MVES-3 - MVES-4 »
MVES-7 ~ MVCS-6 ~ MVCS-20 ~ MCPER-3-3 - MCPER-3-4 » ﬁ%ﬂ%fﬁ/xﬁ Fusarmm oxysporum f. sp. cubense

(Foc) flIFHY&IIK (mock) » B TREIFR » M HERETR 54 d HETTIR)R F06 -

Fig. 5. The symptoms of Fusarium oxysporum f. sp. cubense (Foc) inoculation in different banana lines. Non-trans-
genic ‘Gros Michel” and transgenic lines MVES-3, MVES-4, MVES-7, MVCS-6, MVCS-20, MCPER-3-3, and
MCPER-3-4 were inoculated with Foc free water (mock) or Foc spore suspension in greenhouse condition. Images of
cross-section were recorded at 54 d post inoculation.
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Improving Resistance to Fusarium Wilt Disease in
PFLP Transgenic Bananas

Cheng-Ping Kuan', Po-Heng Chen’, Han-Wei Chen"", Teng-Yung Feng’, and Tso-Chi Yang'

Abstract

Kuan, C. P, P. H. Chen, H. W. Chen, T. Y. Feng, and T. C. Yang. 2018. Improving resistance
to Fusarium wilt disease in PFLP transgenic bananas. J. Taiwan Agric. Res. 67(2):209-217.

Fusarium wilt disease of banana (Panama disease), caused by Fusarium oxysporium f. sp.
cubense (Foc), is considered as one of the most important banana diseases in the world and no chem-
ical control or fungicides are available so far. To decrease the damages of Fusarium wilt on banana
industry, planting resistant cultivars and breeding the transgenic bananas expressing resistant genes
against pathogens are best strategy in the Foc-infected field. Here, we developed a foliar rating system
to assess the disease-development of Fusarium wilt in several transgenic banana plants expressing
the ferredoxin-like protein (PFLP) gene. The responses of the PFLP transgenic and non-transgenic
banana cultivars were evaluated on their susceptibility or tolerance against the pathogen in pots in the
greenhouse. The PFLP gene in transgenic bananas were monitored by PCR to confirm its existence.
Several transgenic lines of plantlets were challenged by the infection with the conidia suspension of
Foc. Leaves yellowing or wilting symptoms of banana seedlings appeared over 8 weeks after Foc-in-
oculation. The results showed that the ‘MCPER3-4" was the more resistant line among seven trans-
genic lines. This fast and space-effective bioassay may be used to evaluate as screening of Musa spp.
against the disease.
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