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Abstract

Banana (Musa spp.) is a climacteric fruits. Mh-ACO1 and Mh-ACO?2
genes isolated from banana (Musa spp., AAA group) encode fruit ripening
related ACC oxidase (ACO), the last enzyme in the ethylene biosynthetic
pathway. Agrobacterium-mediated method and RNA interference (RNAI) were
used as a strategy of Mh-ACO1 and Mh-ACO2 gene inhibition to clarify their
function in banana. In the Agrobacterium-mediated method, banana (Musa ‘Pei
Chiao’, AAA group) suspens_ioﬁ cglls were co-cultivated with Agrobacterium
and selected with 25 mg/L ‘G418. I'r—1.~:§:"th‘ionths, the embryos developed roots.
Southern blot analysis indicated that th; Mhy‘-ACOZ silenced transgenic banana
lines were divided into three typesvand the transformed fragments were high
copy insertion. The Mh-ACO2 was decreased in different lines and different
organs in transgenic bananas. The siRNAs were only expressed in petal.
Mh-ACO1 was increased in wounded leaves but Mh-ACO2 was not. When
compared with wild type banana, the change of peel color, ethylene production
and respiration rate in MAO2 silenced transgenic banana fruits was delayed.
The Mh-ACO1 and Mh-ACO2 gene expression pattern in peel and pulp were

different.
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Apwme #E 2V ELE S A EEY 24 BRI e > I B
it Mh-ACOL # S5 &8 pBI121-1AnS (k> 2004) it {7 4 78 355 » ¥
v Mh-ACOL ehi Btk P & adrz % o ¥ ¢ > #bpm i
Mh-ACO2 # 3% &% pB|121-2Ans }fw Eggﬁ% (+k > 2004 ; % > 2006) it
TR A1 H AR Faﬁpg:#»r%.:,; wzz 71 ﬂ? $ K2 &\,F’* RNAI #r#]

"Fi-»‘" ‘ |
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ZoeEiE* AR L% Mh- ACO2 AT {5 $R P ACC § it pF
F72% 7 Mh-ACOL A F14 R B 5 IR B ALt & 53 - 4]
Bisend E > 7 fER 1Y Mh-ACO2 15 44 Fend P50 o

B gd gt ¥k 2450 38 - 9 & Mh-ACOL & Mh-ACO2 A 7] &
fOES e A 1 fEa AT e A ke SRk d o B
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e - HEZmE e HLENG CHy o ey Y g il
AN H A B - BREFOAHEAF  E S E (0.01-0.1 ppm) FTE B
FLeaES 4 B E J (Burg, 1962) 0 F T B H @ a5 A LR R
PEVLF S P F] S 02 NS d TR 0 B 0 AR R A
fate 4~ = # % (Lieberman, 1979) -
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e Ay BT AR ERLELY ¥
WS4 RS TR A IEr o o iEeik@ P 8T 3 5 (Egley and Dale,
1970) ~ BiE# T 422 25 (Zimmermah and-Dale, 1970) ~ £4m et B2
£ (Abeles, 1973) ~ v - 257y ’faj F (Neljubav, 1993) - 1&_i? B e
$ B (Abeles, 1973) - ‘%%}wﬁt“gfw 7 % (Rudlch etal., 1972) ~ 5 & &
L 48 47 s 2 7 4 (Abeles, 1973) { & H%’ﬁ (53~ E2 KhmE i 8
k A 4 % (Yang and Hoffman, 1984) - ﬁ%“ RSB R B Aot
BHGIT ~mikES R FkE T A4 (Yang and Hoffman, 1984;
Bleeker, 2001; Johnson and Ecker, 1998; O’Neill et al., 1993; Wang et al.,
2002) -
(=) e friipad b
R EfEF2Y e Hd k- o 57 FiEpL (methionine) 5
¢ SAM £ = f& (S-adenosyl-L-methionine synthetase) # i* 2 2 SAM
(S-adenosyl-L-methionine) - # & SAM {£ % 4 ACC & = f=
(1-aminocyclopropane-1-carboxylic acid synthase, ACS) #i*- 2 4 1 & &
ACC fr=t & #  MTA (methylthioradenosine) - . {s » ACC sd ACC % i*
fi* (ACC oxidase, ACO) feit g5 = 2 % o 534 ACC § # % + MACC
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(N-malonyl ACC) B+ tetid-dp > @ MTA ¢ 54 ¥ — Bk €478 %
= 7 riteft (Yang and Hoffman, 1984) (Bl - ) ©

i ? fpefleapEis = SAM ¢ s ACC ¢ =% ~
ACC§ itfs > m # ¢ 1 & F e -’:ﬁ;{ a4 Eh> A8 5 ACC & 25
¥ ACC § *f5 » SAM £ =& IR G T e f 4 £ BT
(Picton, et al., 1995) -
(2) EFe el ERL SR

BRI REARY R iT > € R RS FE A 0 BRI
R i A4 Mz iR SAEE A S F R RBRIFE R
Tr g&@dent 2> 2 F P R PR LFHS LA A
(climacteric rise) » @ & 7 ¢ gedvkBafiz 5 { £ %F (climacteric
fruit; Kidd and West, 1930) &rﬁ{;ﬂ <%z % B4 (Burg and Burg, 1965) ;
PO o2 ok % RS2 EREE \(honclimacteric fruit; Biale,
1960) « { &2 % 9 s\;m@ﬁ_ﬂ ,,f j viv;xrw f,;_' A ppEet A AR L
‘TF chd &AL G R e (McMurch|e~ ~1972)

McMurchie % (1972) ™3 ' (propylene) )L R - S KRR NS S o 3
R G e AR R S B O - RN B O

AL ERORFEFT O RREY AL AR RTRF IR o R

R N2 Jﬁ 94 4 o F]gt > McMurchie % (1972) #& M e 88 7

BECHEE S FRDBER O RAEF L EFTERY 0§ AL K- A
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0-0OH >
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Ade CH3S CH§S CHz CHy &n-coo®
C
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i AdoMet  (SAM),
S-adenosylmethionine; KMB 2— ] t'_\‘yl:’jcﬁidbutyrate' Met, methionine;
MTA, 5’-methylthio- adenosme ’/ MIE‘; > 5’ -methylthioribose; MTR-1-P,
5’-methylthioribose-1-phosphate. ( Modified from Yang and Holffman, 1984;

Bleecker and Kende, 2000 )



Py k- AT A 4 g 4T JTF AR 2 o € R kA ehiER
AL AEHT G PRGSO b 2 RF BRI ILHFN o kM
ATl gt e AL (B - L e g pdiRitTd > g4 1 F
USRI (RS I R I R e e
etk ifehe 3 '*,f Bl RK )’@ﬂ* ¢ izt (McMurchie et al., 1972) - Yang
{- Hoffman (1984) % Bufler (1984) 45 i >k ¥o= ek R 3538 ACC £
FOL AR PR o ks 4 A e R bR e eng -
iz @R A o
{4 2% F P

3 g & et 2 A5 (Aharoni et al., 1979; Gepstein and Thimann,

Btk R ARG e T L hg 4

1981; Riov and Yang, 1982; M(_)rgan'et al.; 1992; Katz et al., 2005) - Riov %

Yang (1982) fI* #{4f cag i o T“F'rmg!_x B AT g

IPTTETRPEEY ey Bt ol g p wissn L

!

Fedd ek dg o MG RS
2E

AE R »—‘Eﬁxﬁ'”iﬂi"bﬁm'*s\ﬂg‘”"ua»fdswﬂp‘j &R

2 bkl R AR R PR e Y

| i

ép«;l

Ao Fr s e A £ TR IT % (Aharoni etal., 1979) - Katz

(2005) » 1% 4§ S R EFE B E - BT 2 LG AIL > B % AT
LA A A A K RAR AR L RBESAR L kR
S A B g r 2 e s o ML EHL 1 ARG -
Ak sizd o A REpFIe A R aa AT oo de kS TR
2 5| CSACS2 ~ CSERS1 2 CSETR1 % s F]#£ .4 3L CSACOL | % £ 3> @

SR CA S S N KL 22 J:ﬁ i g 2 & ¢ i1 CsACS1 2 CsACO1 (4

v

Mo L RERETFAE Y he s A - 2 2 AR AL A £
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A E: ¥ Ef (Musaceae) e B/ (Musa) &k A > I # % 2 ~ Al H
FEES O BRR Al L ER kR He s A0 4 BELER
ok Bi- 2k sio 28k BLiEE (Burg and Burg, 1965) o

Liu % (1999) #=% ¥ &1 > 4 & (Musa ‘Cavendish subgroup’, AAA
group) % ¥ ¢ > MA-ACSL & F|#7 30 ch ACC & 2 fiF > 2130 p AR 1S 3 ik
Ao oA AL ERF AR AR EA Ao pe it A
£ B % B e B NEF MA-ACSL £ Jersif 4e 0 @ 2 {5 2 %
MA-ACO1 e JL8 RISEF 16 BB AT Jbrbr k ff A8 % > & At 8 & ;ibr
Boptohs AR 24 ACCF MEreE € < B F 2 BRI RS o
%ﬁég%ﬁﬁﬁummiﬂa%ﬁm~fum;wamtfﬁg,ﬁ%

57 MA-ACOL &% 0 /1.2 "Pﬂﬁpz\ T 2 fe Rl £k A ACC

F g Rl b 1 % R A R N 1R SRR 25 6
%éiim&i%m’aMAMBlMd%l*%EW%%m°ﬁ”’°
5% ACC & é’é?i m%ﬂ}v}mLA’,?ﬁG%%ifﬁR%

¥_4 . (Liuetal, 1999) -

ACC § i preni®® Z & #iik i ik (ascorbate) % 48 % # 24 %]+
(cofactors) = F ¥ % (Ververidis and John, 1991) - Liu % (1999) 4% 4 E
BREFEFNEL HRIZ ERA J ik ph (free ascorbate) % ¥ 3
{48 (soluble iron) 73 £ o 5 % AEom o Fufl Fe 4B S BB AP IR £
H4e o 2 {8 8 3 23 (full-ripe stage) - ¢ 40T AR AR 4
W FUR o fE R R i o Aok P FUR L BB E W TS o B R R
7 invivo (h ACC § it fisiaf » € 43 % # (Liuetal, 1999)

Huang % (2006) |* % # 9§ 4= (Van Der Straeten et al., 1990) ~ &

= /& (Nakajima et al., 1990) % # % (Dong et al., 1991)% ACC & = fi= 3



0ORRT R RS KPS RERHRS S (primer) ACS-1 2 ACS-2
g EAT e DNA 44 » & 7R &4 F & (polymerase chain
reaction ,PCR) » £ #-£& & J12 A F] ¥ BBl (TR 340 o J] % L iF 474 E
(Musa spp., “Hsien Jin Chiao”, AAA group) % § CDNA E ené:E > {8 3]
ACC & 2 cDNAE % o d A7 25857 > 4 B¢ ACC & 24
Fla P AFIRE L5 4 B ACC & = ps A F> » W 5 MACSL 3] MACS9

o l’li"l § %53 A T Jﬁ@mwmﬁ,&'r ’ ,Eff’vi‘ |l} ACC A%\ﬁ“ﬁ_’\qz\

KR

74p0F o 2P MACSL ¢ &isREF P AR > X 24 2D se
FHE-MACSL 22 F 5 F o8 AE (RS ApEI -T2 %) T 208
UARESTIELRS b - @R ALAR; A i ACC £ 2 AT
Pl S F S REARY o A AP AR RS s Bl b e RIE % g
¥ Bt o RJZ 10 ppm gt “rv? ;;31,%; MACSl A T 44 3 (Huang et
al., 2006) - . (=]

Inaba % (2007) 4 % érL’ﬁé s (Musa spp, “Cavendish subgroup”,
AAAQYOUP)%‘m%iii%F‘ *‘"‘Ef‘ﬁ""f?a -7 A% 7§
(1-methylcyclopropene, 1-MCP) & £ 2 ik » 2% 87 ok A B 5 ¢
Booe g &S AR E AR 0o 3 LM% F &I 500 ppm {4 18 o] pF
2 {50 BARJL 1-MCP 2 B %87 0 b p ¥ > 2 ifchd A EH 40 £
ACC & S fserisber ACC chz 4 ¢4 % @ MA-ACSL # Fleh# L] &

1

S0 @ MA-ACOL AR < BB A e @ ik 4@ o AL

Rl

A gy gt 2hk AL ¢ I MA-ACSL 2 MA-ACOL £ Flén4 TR 40
T E = 3 }imi\gﬁmi‘g%t » ACC & == ACC ¥ i‘frernim b B 3 o Bom
PR EET Y o FPT A TR o &g e B i e R

% AP PE_T w2 i (Inaba et al., 2007) -



Z~ACC§ itpe2 a7z 2%
(-)ACC § sz 352

ACC § “fsdi 4 + 5 ¢ % 7= 5 (ethylene-forming enzyme)
(Yang and Hoffman, 1984) > #= 37 4= » 3¥ 3 %‘ﬂ’* fed i B jE > -

et

EE G N EF a2 F-d 0 2 3 Ververidis £ John (1991) &
F 4 (FE™) 2 Pl fein vitro chiR ™ » BT L A2 ho o FEE
P PR e h ACC § M FiEE#r2 %15 > ¥ Kao 2 Yang (1982) #=
T EAws RG] o g2 ACC e ek 53t 5 (Dong et
al., 1992) :

Fe’* + CO
ACC + O, + ascorbate v »C,H; + HCN + dehydro-ascorbate + 2H,0
ACC oxidase :

ACC § - prehaie® B 5 3404 2 '14 (sfereospecificity) » TS (U 2R (g
AYF - st e (Hoffman etfals, (1982) - k45 7% % # 424 57 » ACC
§ it @@ &> non-heme iron (II)‘depgnde‘nt oxygenase/OX|dase 2 o i
ACC 3§ *frdrle R B3 0V ag ﬁ*‘% £ isopenicillin N synthase (IPNS) £
2-oxoglutarate Fe?* dependent dioxygenase & 7| » %7 = HeEp - R
% vefs (aspartate, Asp) 2 ACC § it fF + £ = B2 = B 2=
(histidine, His) # e B » A5 7| F E B2 4pifd > 52 BIrefAp =3 7
w5 Fe® ¢hi &% (Zhangetal, 1997) -

¥ g Ol FBURPF > ACC § MpRE g e 4 > Bk
AR FIed] o Fliks ACC § psE kihx By M (Imaseki and
Watanabe, 1978; Yang and Hoffman, 1984) - % i ACC ¥ i* e i L ik & 7|
24 A Hmi o % (o-helix) 5 2 A4 0 & ARkl 3 G F S ey
ieft (leucine, Leu) » @ f® 4veh ACC ¥ i*fs® mELETD| < 5 &5 v iep

a5 (leucine zipper) 2= 2 B4 % > FltdaR] ACC 3 1“5+ i 5 48
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#v (Kende, 1993) -

!
(w,

f1* ACC A2zt # i b b7 BT Fiehd 4 - & r ACC

¥ f“ﬁﬁé%‘%ﬁ%iimiﬁﬁ > Flptdaie] ACC & v Ho s &g
L Zeniv* g% (Yang and Hoffman, 1984) - ACC § it fis i 42
3o Bk RAR G AR 0 XY ¢ X DRF S nF]F il o Tl B S b
AIE B2 0 ARG AMEEDTEY fE R o deB 2 0 0 R PR el
$o Bkl ACC § MEsAFILMEBAFE v 5t 240

- & (Woodson etal., 1992) - ¥ *t 4e¥7 % (Dong etal., 1992) ~ p& 4| (Sitrit et

., 1986) ~ i 4 A (Ververidis and John, 1991) % » 357 gL T & e %4 & =
R

AR M B2 ¢ P ACC § IEfseiid P B cidk § 0 Bom d1 2 e
£ ACC § terpe s o |
(=)ACC § oA Fl2 sﬁ»’**%’»‘?}'i ;

e ACC F i fis fhF|z “’f;:lﬁ;ﬂr o f 0¥ 27 > Grierson %
(1985) j&_ts 3 & a0 % F 2 mRNA $§’¥ vl qm 0 P %

polygalacturonase » H 4 #5 5% #\«ﬁr > B0 = ged oo 3 5 35kDas ﬂ iz

P

71 cDNA & ¢ 5 pTOM13 (Slater et al., 1985) » 2 {4 Hamilton % (1991)
#- pTOM13 cDNA #7ie » fE* F4 I » A % A Ef 451 ACC #
%% 4 -Spanu ® (1991) #-# pTOMI3 ik pHTOMS f§ 7 7t

Rl

A mfz (Xenopus laevis oocytes) - = # H#- ACC it = 2 3 o r b &
5% pTOMI3 ##f248 4 ¢hdev JF T 5 ACC § it % o

4 ACC § s %15 5 A ¥ 32% (multiplegene family) » € ** % I
e Rk~ #F T A £ (Doetal., 2005) > FR ¢F A A e i (Barry et al,
1996) @ A4 £ B M ehi > ? A a4 ACC 5§ AT 4 3 -
P2 R AFFESARPRASABRE | FAELEHE - (Do et al,
2005; Hudgins et al., 2006) - ™ %305 & » H# 2 = i3 ACC % i fs L 7] :
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LE-ACO1 ~ LE-ACO2 {r LE-ACO3 » ** - A= pr » LE-ACO1l A ¥ ¢ %
o o fLEf A fodr > LE-ACO2 20 =% &R > @ LE-ACO3 A %A%
TEF g Ay WEY L (Barryetal, 1996) o

(2) % E (Musaspp., AAAQgroup) ACC § i v & Fl2 iE s &2 & 4

A ESNACC §F FATAFIE KIS %P CDNA R & FF 5 > £ o g
% B ACC ¥ it fi# 28 ¥] Mh-ACO1 (Do et al., 2005) 4= Mh-ACO2 (Huang et
al., 1997) o +t #i = —‘ﬁiﬁ&ﬂéﬁ&?-‘r » Mh-ACO1 A F1 £ & i = w jp e 45
B2>a 3% 5 = @i+ (exons) &4 BE+ (introns) - @ Mh-ACO2
AIE 5 o et g3 &= B'EF (Huangetal, 1997; Do et al., 2005) -

WA EEHE A RES iR A AR P E LR 2 ACC
FOUREATISH SR 50 28 = BES R Y 4 E2 Mh-ACOL
#2174 Cm-ACO2 e & m iR 2 B iffl fe 243 %—1 m# /A Cm-ACO3 » £ i
pPEF o E EE A AR F’:Ew i ACC 3 "L F]» ¢ £ 4 E
Mh-ACO2-# & Cm-ACOL< A ‘Cp Xcoi 3 Pp-ACO1- % 3= Le-ACO1-3+

# % Md-ACO1-3 322 5 = B (=% 7_}5 72 m',—:f,—k (Do et al., 2005) -

Mh-ACO1 #4aipl a4 E* 5 5L A% > a Mh-ACO2 % ¥ - #©
AF oA EI 2 Ay P BT 0 Mh-ACOL A4 ~ & % ~ o8~ 2280
PP ERERY YT OMRNA AR A H G225~ F 5 ~SREF 0 A
Mh-ACO2 ¥ 3 fefé# % F ¥ 3 ~ 2 &R - F < MRNA DR fF e 3
REDELEEE mMRNA 231 > Mh-ACOL ¥ 3 & eh 4
Mh-ACO2 PI*E¥ A $ A s+cm A4+ & MRNA> ¥ BT & F ke 2
z ’fp ¥ % E Mh-ACO2 £ 3> F]pt 4B Mh-ACO2 & it 4 E% 7 18 ®
F Rt Ap B (35, 1994) o

B ACC § M"FFATFPAESTY 2 R S8 (REAES F4
- 31-8) HEREFHET % 4 ¢ > Mh-ACOL &2 Mh-ACO2 25 % 3. »
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MARPFTIHERES S A FH¥A 7 > Mh-ACO2 ~ % % »+ Mh-ACO1 »

Ak p Y ’Mh-AC01‘,ﬁE”J Er-BHALPRELARS REYPBERSD

\“‘\‘3
=1

g ehdk o m Mh-ACO2 4p#>t Mh-ACOL1 2 E Pl % > H P %

\H
[

L IE 55 F (Doetal., 2005) -
FI* e 3 ik ~ 47 Mh-ACO1 2 Mh-ACO2 & L F]2_fxds+ 4 o
©GUS ER g B A E s BN FERRIEE 2 R AJET o faf

A
AT

o:J.\-

R

S eni®* A5 2 5% Bt > Mh-ACOL fxd» + > & & »

K

E

HE - & &SRR IOT LR GUS B HAREFRE ORI 22 L8
T AR A Mh-ACO2 pads 33t imim2 R TIFEIOE A0 e
HuE L% 0 IAA-NAA -~ BA - GA3 - ABA - JA - SA ~ NaCl ~ ¢
ook ok R S G T R RS 387 i Mh-ACOL ks 2
% IR ’thACOZ}e:cﬁv—+xﬁ‘%"JA£pr Mﬂfggﬁ%%;m IS

ip 41 Mh-ACO1 2 Mh-ACQ2 r“izgﬁ}\}éﬂ‘h—r FIEL F EREE & TR

|
| R

- (%,2006) - "] =
(£) 4 EACC § v St

i (1997) f1* ~ 4 F (E coli) ~ = &R % E ACC § v 3v
Mh-ACO1 % Mh-ACO2 > r1 A 78 4 f 344 » Lixs ACC § I Fr¥t A F
ACCz Km i » 2 ¢ Mh-ACO1 2. Km i& = 65.8 mM » Mh-ACO2 3 38.2
mM > gt 5% £ 55 31 Mh-AOC2 # ACC eiilqr 4 <3 Mh-ACO1 - ¥ ¢ >
el d F-v ¥ NaHCO; e Km & 0 ¥ % 3. Mh-ACO2 #& Mh-ACO1 < = & >
PR E N ER R SRV F Y 2R A BEEE chiEr
PR MR REEFAD e F 95 30 3 45 mg/CO/kglhr » 5 ife
1000 ppm e FaJRis o g F R gE At o - F PRhAd V2
] 140 mg/COy/kglhr » vt F 4 X 2 m fp ene B > 2% 25 f2 2 4
NaHCO; i Km & Z Bpfrod 10 F &% dap> 29 v M Bz 5 L

13



¥ #% Mh-ACOL it 4 & % Si— prfpene f » §E s guipr 3 &
- F pE X Mh-ACO2 Bt kst fhe 4 & (8f, 1997) -

s d B #iEar Mh-ACOl & Mh-ACO2 3-¥ 4 > B+
Mh-ACO1l #“titi® LI ME ? f£% > m Mh-ACO2 3-v P % F S
A < B A (F], 1995) - S5 L sk g o %3] Mh-ACOL

EEREFPARESS LI RBFF I E LR A Mh-ACO2 £ € 5%

N

r_rs-k-“:
Q-
?-Hﬂ

e RIS EIEENE SN RS L VAR R S SRR A IR e o
A A g 2B e FESCRERITAL > Fr pRFA R
A2 e (%,1996) - F]m &R Mh-ACOL ¥ ¢ afith T # 2 & % F o

.#

WA m Mh-ACO2 Rl @ (8 (v% » a4 E% % 43 (4,1997) -

oo ARMATIRL LBHE AR
(-) EEEFHREE (=5
| f

FORUELE r*%ﬁmféﬁi e ﬂ"'hm'ﬁ ] R R S

-
1

AR IR ) %\%’.’P#Jf‘fﬂ G SR T SR - R
(aminoethoxyvinyl glycine, AVG) ~ %<3 ¢ B (aminioxyacetic acid, AOA) %
(Yuetal, 1979)> £ ¢ % ¥ * |4 - 4= norbornadiene (NBD) (Lincoln et al.,
1987) ~ 4ayp 3+ (Saltveit et al., 1978; Hobson et al., 1984; Davis et al., 1988) -

1-MCP % = £ o

T G Avhe A X E M 09% T aEE T R F NS HES o Ayub
¥ (1996) #7 ACC § itfsFr RWATFEr ALY - 5 ET 7 ¢
A S FE M % 99% - Klee ¥ (1991) 4 Pseudomonas sp.z. ¥ - iE 7@ !
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ACC 2 "=fis (ACC deaminase) # %] > ACC 2 *xfis ¥ 124 ACC 3= 5
a-ketobutyrate » #-pt AL FldE A&~ fiv2 P FE AE T E MG 90 3 97%
1L ~’:T“p;4_ ™ E o
(= )RNAI 2 & #
1. L F]gk i+ (gene silencing)

AFIRM g # R FEOA T Y > XD HE F RS0 &
EER A-AAEFE S TR EAEED A ] o A FB I dhde
Fla s A4 B EF A AT MRNA A faord & 0 58 4 aidikz

A
2

fo » &7V OHL G Bis A F] B it (Post-transcriptional gene silencing,
PTGS) ; @ 4o% & DNA A&7 A i &2y ok > PIfE S e i
F]ge it (Transcriptional gene silencing, TGS) ook F]Be it IR G $HE b kA
12 SIS RN ﬁ&—ﬁﬁﬁﬂ&xtﬁsK DNA 5" &
ok ok gk EE RIS e 8 g ) el e Ak T L g d i
PE R r;rl&:}?;:?; ﬂe?’fc‘zﬁ;@lwq\ v (Vance et al., 2001;
Waterhouse et al., 2001) -
2. RNAI 2. R 12

Fire % (1998) % 2% % # 2 R A M A Fl g% RNA
(double-strand RNA, dsRNA) # » s #p » v 244 253 &- By Vi id
3t Reni FBR A > IR R A2 5 RANI o RNAI E U g 4515 28 71
e FEe > B 4]% gk RNA 22 mRNA % f22 4] > 54 7
Beit 2 2%k o B RNA g 44— fafi = Dicer - RNase Il #xf&p 7 s #1
7¥:% (Duxbury et al., 2004) » F]@ #-g3% RNA > 20 37 =58 5 & B3
fakdiz. 21 3 25 B g & e 2B RNA » 3 » 7 5 small interfering
RNA (siRNA) (Bernstein et al., 2001) » SiRNAs = ¢ £ F—v &3 %47 & 48
RNA-induced silencing complex (RISC) » RISC ¢ & % P 1= mRNAs i *% iz

15



2.0 igm B pEA F)2 4 (Matzke et al., 2001; Waterhouse et al.,

tfr g i 2 @ o Dicer f£z = DCL (Dicer-like) > p w33 2 &
DCL -5 » A %% DCL1~DCL2-DCL3 2 DCL4 > ¥ £ § £ 4 % I et
i 0 A2 % ] ¥ B RNA(small RNAs) - p v e &> DCLL ¢ f F A& 2

—>m)

-+ w fa 1 b crmicroRNAs (Park et al., 2002) » & DCL1 A ] ¢ % 3R &7 38

&4 Je sk (apical meristems) ~ =% 4 2 ks (floral meristem) ~ =38 EF >

&4 # (cauline leaf) % % (Jacobsenetal., 1999) - DCL2 &7 i » P &_%#2
¥

SEELE S =1 L[?&% 1 RNA 2k it |7 i 5 Jg(Borsani et al., 2005) - m DCL2 £
F1¢ -5 (inflorescence) * £ 3 i ¥ % ¢ pla (Meinsetal., 2005) -
DCL3 ¢ 2 2 24nt «’»JfrﬁsiRNA’ gk B DNA h? it 2 B4
(heterochromatin) 2 = 5 fi# (X|e et aI 2004) oom DCL3 £ #]#2 DCL2 A&
FAR I o fRE LR R R i p) A 5 (Meins et al., 2005) - @
DCL4 P ¢ t»25 & 2 trans- actlng SIRI\;A T \Z 3|RNA > RNA it F 4
enni®*  (Dunoyer et al., 2005; Kobayashl and Zambryski, 2007) -

RNAI g»z& i3 » R & 5 & % RNA )I&.? F DI PR A TS
% % o Nishikura (2001) 4p &1 > RNAI #84]4ck PCR > § SiRNAs g 7]
H- TOLER 218 ] P B siRNAS 7 22 p 42 F]2. mRNA & {7 7 48 5
& i¥% 513 & 5 d RNA dependent RNA polymerase (RARP) it #* » &
= e RNA > @ ¢t RNA * 4 Dicer *7 =/ B e SIRNAS » dopt 12 i

Tl it p & mMRNAs h# iy o d i RNAI eni® * 42 0 7 5ooh R g
RNA 4 Dicer 4 f%7; = 4= % SIRNAs > { i% i RARP ~ Dicer si® % a2 {
2 472 =t % SIRNAS o 47 % SIRNAs o=t & SIRNAs ¥ 1 #§ $H &2
HAp i B 7l mRNA 25 RNAI 8% ;5 2 %W 5 primary RNAI e
transitive RNAi > #] ¢ transitive RNAI ¢ % 3w 4> primary RNAI 7 5
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| El R 2% > @ At ¢ transitive RNA silencing 4 B 15 41
3 & A% fc (Nishikura, 2001) -

SIRNA % RNAI iT#* #4]¢ » ¥ &2 53 25> % -5 5 213 22nt +
e B SIRNA > 3 & 587 mRNA a5 f218% > w72 €5 & sfdeanfs
B 5 ¥ - #FE A0 243 2TntehE P ECSIRNAS AR fiarz @ > 4 & %
DCL4 iz#g Dicer #7244 > # ¢ %27 ki infs e > £ 2 22 DNA h? it
3 B (Hamilton et al., 2002; Dunoyer et al., 2005) -

3. RNAI sz g #

RNAI Hiiep B4R 2" G fBiEF ZAFH i adia e b oo &
FlE it ey 4 T iEd 3R a3 T (Fire et al, 1998) > ¥ ¥ E 3 A
Bl V- me i D He Jm e v (Waterhouse et al., 2001; Dunoyer et
al., 2005) -

BPanatiEded > L0 318 RNA‘r"’%ﬁ: &"‘#?’Té?*_'rﬁ; = BE% RNA 3

\

AR F R A ;_i 4 ‘*—*%W% (stem andloop) 2 1 H¥ooR B
2 ERI| B2 %%f&ﬂﬁﬂﬁ" e »f#wllk (spacer) 7 715 "&
3 (intron) B 7| F 4% 55 2 HAF A2 A FlEad S R T o B
# Flg sl 42 eh RNAI »2% 5 & i (Wesley etal., 2001) -

b opd 2 AFev CHRNER RNA & B¢ 5 4 S ajpdpd
L H e RNAS § 54 B9 RNA &~ fi 4 fme p¥ > fm#s |\ ¢5 RARP %
v ikghd RNA S & S % RNA 2@ ¢ & RNAI 2 4] > @ *F 12
#r:},%:i 7 RNA>» iE 1) a"‘rw}%i rrik o % AL S Virus-induced gene silencing
(VIGS) (Lindbo et al., 1993; Kumagai et al., 1995) -

RNAI s+t v o 5™ S5Ba (1) rmap 4% Q) &%
RNAi A 71;(3) RNAI % i § 48 4% 3 5 (4) RNAI 4 £ § 4 ¢4 7% 5 (5) RNAI
T % »x % e B (Wu and Hou, 2006) -
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4, B* RNAi #prd) ACCH WA FIZES
(1) &ir

Xiong % (2005) #-# 7 %35 ACC § it v fh 7] ¥ 5.2 (7% RNA» -1
{78 38 ~ § s (Lycopersicon esculentum Mill) z_ ¢ » #7185 e 78 & & PR ¥4
ACC § s fh FlenZe it 2 % > 122 SIRNA £ LR - 7 #9878 A %
full-RNAI ~ semi-RANi 2 non-RNAI = % » H ¢ full-RNAI =i 78 $k - (k97
7 AR k¢ 9 9.6% > semi-RNAI i+ 18.1% » @ non-RNAi @7 72.3% o
Bk W (breaker) B 4pis % = X chfull-RNAI #72 § 4ok F - 2 2 b
A EFERT K09% X P G HES > B AZE 120X o T A
EFepl %y o» B B a2 X 18 full-RNAI # 78 § soenf
#o A 4 R 1 99.5% (Xiong et aI‘., 2005) ¢

1k (2004) i * éEACC 'r‘?‘ﬁaﬁ.‘kr] MhACOl - BrESFITS
RNAI ﬁ_;ﬁt *f#f‘ £ Spacer % CaMV 2x 35S g e fcd + ﬁ;:zi RNAi %
FlEk b 2 i * B‘F\W pRNAI » & 2 4B Mh -ACO1 2 Mh-ACO2 z. cDNA
PLHRAE 7] 1% 3 B FIRAp R B MR 0 RS pRNAT 44 > 4 5
AU F R F o o A PHESEET LR FS LBA404
i E (Musa spp. cv. Pei-Chiao, AAA group) & ¥ imve 2 #s8 (+k,
2004) - ¥ 3|2 it Mh-ACO2 2. 4 Ef#E Aotk » 5 GUS Fitesmi- § 4

g ¥

Eh

B 7 AR AT FERRE ER (3, 2006) -
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$ s

- ~ 4 £ Mh-ACOL & FI® i* 3
(- )ttt
% E# E&48 (Musa spp. cv. Pei Chiao, AAA group) *73 ¥ 2 7 &

i
W
et
dfr\
(v
<\

% e & EHRBATEL YCP AL MRS
WA R YCP & TB5 3% A1 25C 1201pm RFH % 0 1 E
TR R IF e o
(=) B+

% * pBI121-1AnS 8 (k, 2004) » #-H 4l » B 5 F& 4
LBA4404 2. ¢ » 1l b o
(Z)B %4
LfElF AR ¥z

ﬁ%anﬂéﬁﬁbi_,p{ﬁYCP#%ES%AAwa% YCP

| A

H'

2 TBS 3 & A& 0 L35 % BAUGRE & SH 35 % Bg (Schenk and Hildebrandt,
1971) > _El.—\:/»\ L isz Mkl % f“ 1/2.BG i%.%* 7 - TB5 -~ YCP 22 BG £ %
XA dod - AT o
2. PR FR A

B A YEBR & 4 > #pe> 5 59/L Beef extract » 1 g/L Yeast
extract » 5 g/L Peptone - 5 g/L Mannitol - 0.5 g/L MgSO, > pH 7.4 -
(z) R EFFHDNA 2z | 4%

WREEFARATIAAEHREIL FLHE YEB 2 28Cr A % 0 P
FH - FEBE PR E £2 50mL ki YEBs £ A ¢ 2t 28C

2240 mm %jfi% 5 X o F O.D.600:0.8— 1l j&_ﬁ/fé %i%_ /k+P 53 154
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Table 1. Media for culture of banana tissues

Components (mg/L)

Medium

TB5

YCP

BG

MS salt*
thiamine-HCl
Nicotinic acid
pyridoxine
glycine
myo-inositol
glutamine
biotin

proline

2,4-D

IAA

NAA
picloram

BA

GA

malt extract
sucrose (g/L)
pH

Agar (g/L)

Full strength
1
0.5
)
5
100
100

230/

= ‘E‘ |

500
45
5.6
7

Full strength
1
0.5
3)
5
100

e S

30
5,7
7

Full strength
1
0.5
05
2
100

0.1

30
5.6
7

Supplement : 2,4-D, 2,4-diclorophenoxyacetic acid; IAA, indole-3-acetic acid,;

NAA, naphthaleneactic acid; BA, benzyladenine; GA, gibberellic acid.

* . Murashige and Skoog, 1972.
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4818 0 3% 4°C 2 3700 rpm s 20 A 48 0 2 %_} i o der ACeH1ImLTE
(10 mM Tris-HCI> 1 mM EDTA-Na,> pH 8.0)» £ ATl 5 /¥ > £ # 1 1.5mL
SRR B g ¢ oo 3T IR 4 13200 rpm s 1 A48 2 f it o e~ 200
uL = Solution | (50 mM glucose > 25 mM Tris-HCI > 10 mM EDTA-Na, » 25
mg/mL  Lysozyme): R &R 3 5~ 4 okt 4 » 400 pL Solution 11 (0.2N
NaOH > 1% SDS) » iR 3 fe**/k F# ¥ 9 4 43 o ekt 4c » 300 uL Solution
11 (3 M KOAC > 11.5% acetic acid » pH5.2) » >tk PR 3 (58 % 13 4 45 -
¥ 4°C 2 13200 rpm s 5 4 48 > BB 2 AT 15 mL e B e
® oo 4vx 500 b k4 errisopropanal R £ 353 o 3t 4°C > 13200 rpm s 5
A ESR RIS K$J 7t o 4v » 135 uL TE (pH 8.0) 7% % DNA » 4c » 100 pL
PCI (phenol : chloroform : isoamyl alcohol =25:24:1) > ® 3 s>+ %8 13200
rpm g 2 2 4 e 1k fk&'ﬁ mﬁfta_éﬁ»? FER S T
¥ 3o 13 K* 0 A *f H o 4\: A 400 uL Cl, (chloroform : isoamyl alcohol
= 24:1) > 7 3 15> % 8 13200 fpm éﬁ«u 2088 R B b KRR D AT E
s g o 4o~ 100 pl 4M & NH4OAc 23 400 ul-100% i > B *+-80C 1
A48k DNA » 3 4°C gt 13200 M L07A 4 » 4 % 1 iR o 4er 200 pl
70% iyt » »+ 4°C 3 13200 rom 5 4 4815 » 2 %J #i% o4 » 200 pl 100%
EPE 0 2T 4C e 13200 rpm S A 41 0 2k F iR o b JEiR A o Ae 2
£ TE (PH8.0) & & ki3 f# DNA » % +5-20C %5 % * o

(T)RtBEFAS2Ha

K3 FERADTHEAZ RBFARB AT I AHRERE Z2 AL
YEB %41 > 28C4a % > R N H- Ak - &BAH - FE b
AP F 7 OIREELE 22 YEB iR g3 & A 20mL > »+ 28°C > 240 rpm & iF
45 X 143 OD.go=1°#Fir# 1 50 mL &< 3gr2 4200 rpm
20 45 A% b R B ER L TEMLSHBAGR E SHE % 47 1
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mM Bantain 2 0.1 mM Acetosyringone) & 37/ iF4 * o %4 ERFE R o
e Poimi? e SmL I 15mL & A E R E ¢ oo B ATRIET SHBA hfk 5
AFR S mL4e r e ? > R EMAFENS 10 mLo T odmiEds k(S
125 mL 2 = &35 > ®FEL R F 60 rpm > Hwmre Z R AL B L 2 PF o B
EBRRDIG R IV RAL EFFFHA I E X AmLe R F ke
BEFApAZERAr > MWLM 8w 25CHEFERRZZ X - B2

Z & &> 11 g 200mg/L #2244 Cefotaxime 2 /% & SH 33 % A » % ki Ay

BrREF FEA B AmLe iR 0 & FiRinds 0 MRAH I
7 #14 % G41850 mg/L % Cefotaxime 100 mg/L 2. F it SH & &+ » 3%

DCr4z?BFHZEREL > F 21 3FHA- o F bz mel 34
o B-Hd R B I 7 50.mo/L G418 Fud % 2. 1/2 BMS Hit i & A

£ EHER. LY

}Tl flsva‘ )

+ 4 £ Mh-ACO2 gmwg 5 A

()t

7 B it Mh-ACO2 # 3% 48 pBI121-2AnS 4 E (Musa spp. cv. Pei
Chiao, AAA group) & 7tk (% > 2004 ; % > 2006) - pBI121-2AnS 4% +
7 NPT 112 GUS & B A FIEHFEZ * - BAKRDBRE IR S8~ 5
FES ARz o RE 3 -2t (wildtype) #» EFRE2 & F
~ EFE LSS
(Z)GUS Elr it F 4 d &y

B de 44 0 B o~ Triton ¥ % (50 mM NaPO4 » 1% Trinton
X-100 » 0.1% 2-mercaptoethanol) » »* 37°C i g2 B /) PF - %-i Triton % fi

& o 4v ~ X-Gluc ¥ #% (1 mM 5-bromo-4-chloro-3-indolyl-g-D-glucuronic
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acid > 50 mM NaPOy, > pH 7.0) » »* 37 C a2 @ % - # 3 X-Gluc ¥ =% > 4¢
» % d g (95% I Lk EE R = T:3) i d 2 ik (Jefferson, 1987
Becker et al.,2000) -
(=) £+ & 7.2 DNA 2_ 4 B~

R 2 32 p Dellaporta % (1983) T Bfe 4 Hkl % » 2 i § % 4
Moo B s AR A ~ 15 mL Extraction buffer (100 mM Tris-HCI, pH 8.0 »
500 mM NaCl > 10 mM 2-mercaptoethanol) 2. 50 mL &< & @ > 327k b 4
»1mL20%SDS > BF R & 10 4484 =018 » 3 65°C 4 % 10 » 45 ° 4 »
5 mL potassium acetate (KOAC) » & £ 393 » 2 {43k % 20 2 4810+ o
Hroo fo ¥ F kg 0 4~ -20°C <0 10 ml isopropanol < F foiR £323 > 3
20°C# % 304400 o sl Kf iRegc b 09 30 A die e » 4C
e70.7 mL High-TE » #c & 4°C 15 /’a\éﬁ 4 J‘ 0 %2 DNA - B3 % # 1
15 mLficg g @ o g 19:1%4 é;,, e » AT lS mLikd s g P oo
4v ~ 75 puL 3M sodium acetate (pH o 2)5 500 L -20°C isopropanol 323 ;&
& o % 4°C 4 7k DNA s 4 Kf_} i Ve X 200 L -20°C £ 70% EtOH
B W ACH I % RS 45200 L -20°C 2 100% ETOH ** 4°C
Yo i53 % 3 ik o b g2 DNA « 4 » 100 pl TE (pH 8.0) i% 2 DNA « 4
»~ 3 puL RNase A (10mg/ml) ** 37°CF & 30 A~ 4 > 11 2 ‘# RNA - Bl
O.D.ygo T_F DNA o z_ {4 3 DNA %% 3-20C & * o
(z) 54 & e RNA 24 B~

P LR T E SV Bk Ak o # ~ 7 20 mL 65°CExtraction
buffer (2 M NaCl » 25 mM EDTA > pH 8.0, 100 mM Tris-HCI > spermidine 0.5
g/L > 3% Hexadecyl trimethyl-ammonium bromide > 3% polxviuyl-

pyrrolidone-40 > 0.4% 2-mercaptoethanol) 2 &4 ¢ > MIDF LSS -
RIDF (S 2 B A5~ B0mL 2 s F o 3T 65 CrdZ 10 4 48 0 H 5
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3RE3 X FE I B ANR ot r 22 Clo TR g 10 A4
oo fs - FiR S L ATh50mL e o R r 2R 2 Clo P TR eiR 5
10 A2 48 s (390 R A 2 B aEe ¢ o 4o 13 B A2 8MLICI
£ 2 LICI #5553 A T ey Bl 5378 > % ACkiB e o 1 4CH 42
iR o MRt RNAGE o3t 500 ul 2 05% SDS ¢ > # 2 15
ML 2 8 dfre § o 4o~ B2 Cl RFR £ dicf) o 1 ACHLs (380 3
A I AT L5 mL AR AR H o Fder 2 B2 100% 0 B0
-20°C 02 P e 0 ACHL 154 b ik o 4o~ 500 ul 2 TO%ERE 5 0 3+ 4°C
Brosis 3 bFiE o 4o 500 pL 2 100%:Fp 18 0 3t 4CHEe 182 FiFin
b 52 RNA Tk o % RNA ;2> i £2 DEPC k¥ o 27k R 2815 % 5
*w-80CH * o

(

XY

)RR AT |

%- P& Southern (1978) m“s %n+x uﬁfﬁ B\ﬁq" 2_ 45 Flle DNA » 112
| fEpE e 15 0 3 70°C a2 b U # Ses 110#8452- 4 M NaCl > 2 25
i A A 2 100%;Fp » ++-80°C :w‘;ﬁ; 30w S, 1% = 12 70%FpH ~ 100%;F)
BB R 570 11 25 uL TE (pH 7 5)1;1 %18 > 4~ 3 pulL 10X tracking dye >
& 0.7%2. agarose "HFHEE TR A A H o AL {5 2 0.25 N HCI ~ g%
# (L5MNaCl>0.5N NaOH) ¢ {ri =% (1.5 M NaCl> 0.5 M Tris-HCI)
Lomied 2 0 & 15 A 4B o R AN AT AT 5 % > Hybond N R #% s
(Amersham) » #-#& 7% %4 T 60°C 5 X SSPE (1X SSPE % 0.18 M NaCl -
10 mM NaH,PO, > 1 mM EDTA-Na,  pH 7.4) 225 ~» 4 > # I h d7 o %
# 3% 502 UV 120 md/em?® & cross-linker (Spectrolinker XL-1500) it =
crosslink ¢ » £ 12 80°CE Zsz% 1| P » B Z_DNA -
PiiadF 4% W e =2 4 2 4B Feinberg £2 \ogelstein (1983) #1%

& errandom primer labeling = ;2 » P~ 40 © 60 ng 2 %1+ DNA % 4 -
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dATP~dGTP~dTTP % 20 pM>400 pg/mL BSA 50 uCi 333 nM [a-**P] dCTP
£ 5 units Klenow DNA polymerase » * &% 2884 5 50 pb - *> 37°C ™ &
LS 1 ppFis > 4er 2 ub 05 M EDTA-Na, %1k F Jis o £ 4e ~ 8 ul
tracking dye (50% glycerol » 0.25% bromopheno blue) » #-F & % i i&
Sephdex-50 k& 45 ¢ +1> 12 TE (pH 7.6)# 7% > i &~ g < f - & ¢ 5 180 uL >

Jo b T ARG S 0k o Rl PP BB R TR T F P AR i

?,ﬂg L ot mAF RS B R EKIER o
SDS - 5 X BFP (100 X BFP 5 2% BSA » 2% Ficoll-40000 - 2%
PVP-360000) - 50 ug/mL % {4 7 salmon sperm DNA » 1095 dextran sulfate] »
B 6SCTE B A B A~ g PR AR IR E R LB R
(hybridization solution) (6 X SS.PE » 0.5% SDS » 5 X BFP > 50 pg/mL % 4.
salmon sperm DNA > 10%’d‘extrré>n-\§%l‘féte) 3 65°C'r F R 16 R
2 Wash | solution (2 X SSPE » Ol%ﬁls\DSl) R TR IS A4S 0 |
1 Wash 11 solution (1 X SSPE »/0.1964SDS)3: 65°C T i 15 4 455 = » & {4
4)% X % % (Kodak XAR film) #5-80'Ce % -
()] ¥ B RNA #* = 322 4 45

%P Patterson % (1987)% Hamilton % (1999) » = jx 4c 12 i3 45 » B4
2 & Fle RNA > 4~ 10 pL Urea loading dye (8 M urea > 20 mM
EDTA-Na, » 2= 5 mM Tris-HCI pH 7.5 » 0.5% bromphenol blue){s » ** 100°C
v 10 248080 BT AR B * o2 7 8 Murea 2. 15% polyacryamide ¥ 48 »
M 3E#v 2. 65°C 1 X TBE (10 X TBE % 0.9 M Tris » 0.9 M boric acid - 20 mM
EDTA ) % TR » /B 250V 7 A3 BRI &85 T AH
(Tanan VE-186) #- RNA # % >t Hybond N £ %% (Amersham) > ##& 3 7

At s OBXTBE @ B 50V % — ) pF o Bg d W Ik 570 12 UV
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120 mJ/cm2 = cross-linker (Spectrolinker XL-1500) i& = crosslink s » £ 12
80CEZic% 1> HZRNA PRFLHFHER - FHRZZ ks
- ; ﬂﬁc‘ hl—rﬁ °
#-i 7 s  Tp R %k (5 X SSPE » 50% formamide - 0.5% SDS 5 X
BFP» % 42°CT F BX >3 B ] P 4v » 35 oS TR 6 it A R
(5 X SSPE » 0.59% SDS + 5 X BFP » 200 pg/mL % ¢ salmon sperm DNA
1096 dextran sulfate) » >+ %8 * & J& 16 -] B2+ » 2 Wash | solution (2 X
SSPE » 0.19% SDS) > *+z® T % 15 ~ 48+ =t » £ 12 Wash Il solution (1 X
SSPE>0.19 SDS)*t 42°C 72 15 » 48 =t & sl * X %k 7 (Kodak XAR
film) >+-80°CH % -

(- )F #B4&F & pei &) & J& (reverse transcription-polymerase chain reaction,

RT-PCR)

12k Bl RNA 5§ TE R &) ¥ Gﬁe Step RT-PCR Kit (GeneMark) i& 7
FRRF 9 e 301 ],tg/uL fs_%ﬁ RNA 50 ng/ul 513 > 1X Reaction
Mix - 1 X Enhancer » 2% Enzyme Mix . JE8 B 5 50°C 30 4 4% > 94°C 2
A4 215 94°C 30 45 1 59°C 3045 0 72°C 1 A 4ie (7 35 B Ik o Bt i
FRET2C10 ~ 48> 53 4°C H * o

Ko org* 2513 ¢ 5 ¢
Mh-ACO1 £ %] : MAOI13RT (5’ -GAATCCCATGGTTCACCAGCTG- 3°)

MAOI15RT (5’ -ATGGCGATTCCGGTCATCGATTTCT- 3%)
Mh-ACO2 # %] : MAO2-3RT (5’ -ATTCCTTCATCGCCTTCCTA- 3%)

MAOZ25RT (5’-ATGGATTCCTTTCCGGTTATCGACA-3’)
% E actin &£ ¥] : BACT3 (5’ -GTAAGCAAGCTTCTCCTTGAT- 37)

BACTS (5 -TAGCGGACGTACCACAGGTAT- 37)
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(M)A EE T EIG %

% PB Lopez-Gomez % (1997) 2 = 2 4e 1 i3 4F » #-1U § EITEE &+
F1E 3 2% A w3 0.4 M mannitol - 1% 2-mercaptoethanol
#1mMACC 2 flmp® 15 2415 » B30 4a SR BB R A
W 2BCHWERR R TN ARFEFL BFREE R o« ZBIMAE Y
#4L » kIZ 1% (v/v) Fluorescein Diacetate (FDA) 3 4 451 » ™ &g ek ™ B

BT A ESF O ASHMBREALSAE R "3‘3};1 i pE R -SRI PR S B
(vaseling) % 3k*» v » p R R §oie e AT S RBH - A BFHFEPp REEH
R e J:fj, B A 24 oIf R 15 R S Wk K dp R 25°C 0 R H g
RisH o hame TF (R VA 25c—r ,\ %'ﬁi{i‘@&mifiﬂiﬂxﬁkﬂ ’

MEida e 3 k& 500 ppm 2 1? fﬂ?@— 24 P REIE BN ERT
g bR 2 “,fﬁi‘?# o %23 %gfﬁ"v? 25@1% ik 3
(+)% :a:%?%éémwﬁﬁug& '

AEFFURIAEA - HF 25 DRRSAES e
25 % ¢ ipdkc (color index) & {74 = (CSIRO, 1972) » #-% A ppd d %4
IA4mmIR o, B AR 8% % 1ai > @l green) ¥ 25 5% F
s (green — trace of yellow) » % 3% 5 %4 % 3t% ¢ (more green than
yellow) » % 4% 5§ ¢ %3t % 4 (more yellow than green) » % 7 & % & =3
% (greentip)’ % 6% 5 > (all yellow)> % 7% 5 4 @orgh i (yellow —
flecked with brown) » % 8 & % s 2L3% ~  (yellow with large brown areas) -
(F-) AESF IR

CEE ERETHE - S SEPEE o B IL 2 RdteEaad
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W 25C #E LS R ImLeraand 2 F M g mETR [P A
b2 o @ GC-8AIT » 5 fe 4t % ¥ 4 p| B (Thermal conductivity detector,
TCD)] > & fm= § ARl %> A 3EEd s U8 x 6 ftond dhdwg 4o > 3
. o Porpark Q - 80-100 mesh » ¢ 8 & = 5 40C » A5 T B A
WAL 80T A F A EF M B w A Lkglom’ -
EFAERigReTEZ - F PRBELR FEAESFT IR
&
v e & (ml CO,/g/hr) =

[ 5% -5 d % 5] ey y
T - HE 0§ Ok B (%) - 17100 - 884 (ml)

o) A %-i(g) o 7 ()

(“L:)?%E%‘*C‘{’TF*ﬁvﬁzPli |

ARy ﬁg_é gr_%:vaﬁ %‘#Fl ’ “r#}f_@f- 18 %_%’\]_L 7 @ j‘(—'i\'l;\ﬁ'l_t’ ’
 25C #% 1 JF‘*‘&?’VAB& 1 ML Fivxﬁ,lq“i:p%“’"la}#ﬁ/é]%’?&q
[CHROMPACK CP9001 - :}g ﬁo.\ G e 2 2 (Flame ionization detector,
FID)] > &7 e % chipl 2> ~ g3 e 1/87 % 6 ft 207 Gdh p AL F AL A
& F 1448 (activated alumina) » 80-100 mesh ? SRR T 5 90C o
Asr g RK LS 150C > MRIBRAKRLI0C » i F 2751
B4R T 20kPae EF ML A FETF o

FAAR RigRE L FRELR FEAERT G2

3 5 < L ORE B (ppm) ¢ 8 (ml)

g 2(g) - AR (hr)
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B3z & YC ALER A A R S e kRS R B
§ 2 piv ks o Mg &R S 248 (B ASB{-C) 5 - 4 (P1) %
FhoimEk o BEP KSR B

% ¥ 28 (P2) AEAdidt o SRR Bk SRR B BF G I
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)

wre s RACRAFC 0 Y e Y o DRFRABRORE > 2

A%ﬂ@%~£$mm:%%%%ﬁ%%%T%ﬁ@%%%ﬂ’$5K

=

% g 45X N TR m%ﬁmﬁﬁ#@’lf4$%§m%1£$%
N2 = ki (Bl- F)o
() SREFAEN @A M Elwre Ul §:E

B ERFR AW > JIY ERFASIZEFERE > GBI

Mh-ACO1 f ¥ it £ L4 pBI121-1AnS 2. B F> £ B AL % = X £
EHIFENF L 2 SHEGEEA A > 241 22 F G418 i (7 &iE -
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Bl= -~ 4 E (Musa ‘Pei Chiao’, AAA group) T £l i i &

Fig. 2. Banana (Musa ‘Pei Chiao’, AAA group) callus and suspension culture
cells. A. Morphology of type 1 banana callus (P1). B. Morphology of type 2
banana callus (P2). C. Morphology of type 3 banana callus (P3). D to E. Type
1 to 3 banana suspension cells were cultured in YC or TB5 medium. Bar = 5

mm.

= ‘E‘ |
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éhiE kR A 5 25mg/L 2 50 mg/L - % % &+ 0 > 50 mg/L G418 2 % ik
RTEET; EREAwE > &3 P TAFEEFRZHS &= R ¥ &
EegEng 4 (Bl= A a2 %3 kR 25 mg/l 2 G418 w2 % it B
W mie > FEw S VEIRANS me RILT ARG - ko oA H Y
BRSO A o d L F BT 5 Ap T 50 mo/L 0 G418 2 &k
B> 25mg/lL ek B > T OEFIR AR A Elwie 0 P R e Tt
GEERTHS LI PREEHE RS I FEIEER wE e {5
2= %2 (B = B) -
(Z) BB ARA s A w4 £ A1

M ER e {1 R4 F4 A2 R0 Mh-ACOL A FlEe it & syt
1 pBI121-1AnS & » 33 % *¢ 20k & 25 mg/L'G418 #2 % +n SH Ffi s 4 A

s TUEERR AT A o M E‘m"e 5‘“@%‘3};5 ;t,;, v R gE A 32 dmbe g
RIS 7= %ﬁ%fﬁ_me ﬁ/ ’a;’ %” %‘%‘a% (Rlz A{rB)- 5
- Bt T RS Eﬁﬁiﬁfﬁwmk&ﬁ@ 3 50 mg/L > &4
@ﬁ%%o%%ﬁi%gQ‘@%Fiﬁrﬂmﬁ'%ﬁé%*(ﬁw

C)e &£ KT B 15 HWrTrv s Jaﬁa_ﬁﬂ;gu (Blz D) -
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2= LK NP2 1 ; %
{7 &F 33 . ==

4 p &

Fig. 2. The transformed béhg_ana» 'q(;ij:AAA group) cells kept on

G418 selecting medium. A- S& ditim:c ntaiy,}ing 50 mg/L of G418. B. SH
- ; )

R (| Wi

medium containing 25 mg/L of g Y.
" / I.I .'-)
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Bz ~ w4 £ (Musa ‘Pei Chiao’, AAA group) ‘m¥ 4 £ 4 i 2
Fig. 2. Growth pattern of the transformed banana (Musa ‘Pei Chiao’, AAA

group) cells. A. Small embryo. B. Dead cell. C. Embryo with root-like structure.

D. Embryo with developed root. Bar = 1 mm.
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= ~ % E Mh-ACO2 # F]% i f 7 $k 4 49

(- )GUS Bt msk it B 4 & A5

i 78 2 it Mh-ACO2 % L 48 pBI121-2AnS chat Ef i 7 th » BoaTHE
T GUS BlHER 8L A4 SRS LEFERERES F R

ke ﬁ‘;

WL TEAES R SRTES MR ERY » FF 1 ¥ AR GUS
WEAF > F2dei@az dlem o MAs 5 F R (BD)-

AV )

—~
Iy
-
Hr-

i
‘-\¢P

PRI RE TS S VR AT HRR 0 B eh T REE R EE O 2
FLHE =B LB > 1% Xho | i 7k A %l DNA & FpFr > 12
GUS (1872 bp, Bl= A) 2 Mh-ACO2 (156 bp, Bl= A) & F] % ¥ (748

&0 3p % R B~ 3t 4346.bp ér‘%@—‘r  RRIENTETLR VR

EAIRT & G ZF o Eop ﬁ\ %3%{ 2AS 6 Z02AS-80 i - ¥ 0 M3l 2AS-1~
2AS-49 2 2AS-79 5 % = ﬁn’%f{ Z.AS 33 2AS 82 2 2AS-87 5 % = ¥ »

ifﬁ?%%ﬁbé¢%ﬁm@H@¢BﬁﬁfB%;fépéaxﬁ
55 o 3 -:‘ 1
(=) Mh-ACO2 2 f* i 5 Efﬁﬁki £ Ly
BT R e A B4 phipt c Mh-ACO2 Bk iv A B stk A ke ?%U—;‘-.%ﬁpfgﬁ .
Tl EDHRBHYLE S m s AR FVEARAHBRSDEP AR
(B~ A-H) o #F4£83297 B (6287132 97&17) AAHME
A LI HRBIO M o@EHGI0 Y L@ RKEHTG25 2
Ao E RS R 0 g 5 10 B E (B A | e ) e 385 R S5 2AS-79
+ 97 THA (BN 1 23p 8 RS- 5L FRRBLER T

e
fmt.
=
=
.

AN IR R EER R 4B R L5301 %4 (B
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1T R - M-ACO2 & v
AAA group) %&ﬁif*%%#w
Fig. 5. Histochemical GUS s i
Chiao’, AAA group) Ieavesf } rmesl control banana leaf. B.
Transformed line 2AS-1. C Tnag_sformedf Ime éAS 6. D. Transformed line

Aoy S

2AS-79. E. Transformed line 2AS-80. F. Transformed line 2AS-87. Bars = 1

mm.
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intron
NOS-pro antisense = sense NOS-ter ,LB

GUS fragment (1872 bp)

Marker P WT 33 49 79 80 82 87 1 6
(bp) -

21246 —r
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B+ -4 72 it Mh-ACO2 % I % 4 pBI121-2AnS 114 E (Musa ‘Pei Chiao’,

-

AAAgroup) #iEE R A FIA Flie 2 GUS AT 2 42 5 > N A 78

R

5

Fig. 6. Genomic Southern analysis of putative transformed banana (Musa ‘Pei
Chiao’, AAA group) plants. A. The T-DNA region in the plasmid construct
pB1121-2AnS used for plant transformation. The position of hybridization
probe and the expected hybridization fragment are also shown. LB, Left border.
RB, Right border. Pro., Promoter. Ter., Terminator. B. Genomic Southern map.
Hybridization signal of southern analysis genomic DNA was digested with
Xhol, and hybridized with *P-labelled GUS gene (1872 bp) was used as probe.
WT, non-transformed control plant: P, -plasmid DNA of pBI121-2AnS as
positive control. 1, transformed line 2AS-1: 6 transformed line 2AS-6. 33,
transformed line 2AS-33. 49, trangfd_rji]éd line 2AS-49. 79, transformed line
2AS-79. 80, transformed -line 2A880 82, transformed line 2AS-82. 87,

transformed line 2AS-87.
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intron
NOS-pro antisense | sense NOS-ter B
) \

Xho l[ digested fragment > 4346 bp g

Probe([] Fragment of Mh-AOC2 (156 bp )

Marker P WT 33 49 79 80 82 87 1 6
(bp)

21246

5148
4973

4268
3512

2029
1904
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Bl- -7 2 i© Mh-ACO2 4 3.5 & pBI121-2AnS % & (Musa ‘Pei Chiao’,
AAAgroup) #EiE7e $R 8 FI1 A Fliet Mh-ACO2 £ %] 5 4542 3 & 32 &
7%

Fig. 7. Genomic Southern analysis of putative transformed banana (Musa ‘Pei
Chiao’, AAA group) plants. A. The T-DNA region in the plasmid construct
pB1121-2AnS used for plant transformation. The position of hybridization
probe and the expected hybridization fragment are also shown. LB, Left border.
RB, Right border. Pro., Promoter. Ter., Terminator. B. Genomic Southern map.
Hybridization signal of southern analysis genomic DNA was digested with
Xhol, and hybridized with *P-labelled Mh-ACO2 gene (156 bp) was used as
probe. WT, non-transformed control plant.-P, plasmid DNA of pBI121-2AnS as
positive control. 1, transformed line 2AS-1: 6 transformed line 2AS-6. 33,
transformed line 2AS-33. 49, trangfd_rji]éd line 2AS-49. 79, transformed line
2AS-79. 80, transformed -line 2A880 82, transformed line 2AS-82. 87,

transformed line 2AS-87.
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Bl ~ -4 75 2k it Mh-ACO2 # IR 5 %8 pBI1121-2AnS 4 E (Musa ‘Pei Chiao’,
AAAgroup) # 7 k2 £ 3

Fig. 8. Growth pattern oftransgenic banana (Musa ‘Pei Chiao’, AAA group)
plants. A,C, E, G, and | are non-transformed control banana plants. B, D, F, H,

and J are transgenic banana plants. K, Non-transformed control banana fruits. L.

Transgenic banana fruits.
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(2) # FH#% 5 F Mh-ACO2 & 74 7

f1* RT-PCR 7 I 478 th® Mh-ACO2 # FLHH) » v ATH =8
Fa RNAE 7% - 2% 47 > 24w § EFEL RNAA Y >
t? e Mh-ACO2 % B F RS2 750 2 4 @tk o B 1 2k % 5
ARz Z3 (B4)e 2 AEaird e Mh-ACO2 # L€ % 17100 % »
Otk % 2AS-1 0 Mh-ACO2 4 14 T 4 79.3 % » 2AS-6
"% 14 96.0 % » 2AS-78 * 86.3 % » 2AS-79 "% 54.4 % » 2AS-80 * 1% 89.2 % -
2AS-82 " 1% 96.0 % » 2AS-87 * i 37.8 % -
(Z ) SIRNA % 1.3+ Mh-ACO2 £ 72t it # 7 &

f% RNA T 34> B P4 7> ¢ 44 21 1 27nt * -] sARNA

PR I A2 2R AT R ] T BORNA 0 e RNA 3R A TR

A5 o 12 Yol 2AS-79 i 7 ﬁ-& m, VERRN TR 3 52 PR s B
@ RNA > £ 9]1* RNA %"ri%{ﬁ ’fﬁﬁyfi‘-‘% R (denatured polyacrylamide gel)
7 A A 100 Nt 1L B R;{T@f £ 41# Mh-ACO2 2. cDNA § iF4F
iRl R R (B ﬁ_zAs-?g‘ﬁg B Phe 1oERn (s 1 8] 7] SIRNA
S AT RE A5 25— 27Nt s @i RNA 4 6 B o
ﬁﬁ*ﬁﬁﬁiﬁoaﬁmw\ﬁ~\4§£?¥f?’WiﬁﬂJWﬁ

SIRNA Z 35 » - 5% 35 &1 > RNAI enie* &2 siRNA chd 2 € - 2 3

*v-;u

FRaOLBLAR -
() A EACC 3 e AT Al 582 20

et P e € LTI G HBRAEEAS > YGRS BE
AEES ARG - KBRS B ACC § i fr %] Mh-AOC1 £
Mh-ACO2: & Mh-ACO2 B: it g7tk ® » 22 £ P B 5 3 L B P ehim o

BB EER LTS 00 2 (84 E e 7 0.4M mannitol & 1%

B -Mercaptoethanol & = —‘gi’a*ﬁ MR Y 0 B2 15 s 4Efs 0 BB A



A.

wr 1 6 78 79 80 82 87

Mh-ACO2

Gene Expression Level

100

80

“ | 1

20 - — l R e
0 = = { —
WT 1 6 78 79 80 82 87
Transgeniclines

4 e - Mh-ACO2 % AV AT pBIT21-2AnS 2 & (Musa “Pei Chiao’,

T

-

~
.

4

!

AAA group) # 7 % Mh-ACORr 1. /1
Fig. 9. Mh-ACO2 gene expreésio_ﬁ‘in transff'or_med pB1121-2AnS banana lines
(Musa ‘Pei Chiao’, AAA group). Tofal RNA were extracted from young leaves
of banana. A. RT-PCR electrophoresis map of Mh-ACO2 expression. B.
Mh-ACO2 expression vertical bar chart. Bars indicate the gene expression
levels in different transgenic lives relative to the wild type control. WT, wild
type (non-transformed control). 1, transgenic line 2AS-1. 6, transgenic line
2AS-6. 78, transgenic line 2AS-78. 79, transgenic line 2AS-79. 80, transgenic

line 2AS-80. 82, transgenic line 2AS-82. 87, transgenic line 2AS-87.
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P WT-O 79-Pi 79-S 79-Pe 79-O0 79-B
17 nt

B+ -~ 2i Mh-ACO2 2z 4 E (Musa ‘Pei Chiao’, AAA group) # 7 %

2AS-79 siRNA # L3
Fig. 10. The siRNA expression of Mh-ACO2 silenced transgenic banana (Musa
‘Pei Chiao’, AAA group) line 2AS-79. **P-labelled Mh-ACO2 cDNA (1267 bp)

& gt 101Gy o

was used as probe. Hybridization temperature:was room temperature. P, 25 nt
& =T 9

& X— N .
and 17nt oIigonucleotidesa'(gpt{'ﬁrwnggene) as positive control.

ol banana, 79-f‘E>i, Pistil of 2AS-79. 79-S,

:0, Ovary of 2AS-79. 79-B,

‘( A
ordoading control.

44



FOAEIRS Y R AL R AP AIE L R R T R B
R (BL-)- BE4ndr g K2 A & g2 0.4 M mannitol 2
T Al E Rl 30 ) FF AR T R A A dete i)
AR PRI E Y L 1 Bl BN TR AR o % g kAL
ek f 18 PR T At 2 B HG I AR E BB R o 8
%% 1 % [-Mercaptoethanol 2. EJZ e 7= 4p 12 4 I > fe ik i 2k f 5
Wk T 24 P PES G P A2 Ao BAlBINEHITL w0 T H R
a4 2 3 1 % B-Mercaptoethanol 2 :sk ¢ » 3aha > 15 0| P2

T AR A, o I FDA R ¢ 2874 ¢ o R MAER R 30 ) BF

3

—

A B IR It e Ak R (B 2 ) 0 a2 0.4 M mannitol g

IR R R TR R E e SRR I e L A o

i

7 1% [ -Mercaptoethanal 1)@21'_T s S '—;‘-fs“f:%:%’_ F30)ES ARG
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: == || '

4] * RT-PCR L% MHACOZ2lE: & % 7 % % * ¢ Mh-ACOL &
Mh-ACO2 » & 41 i1 5 T &4 2 Heafe .;%i‘% &ET P B p B ARIET 0 R Y
Ptk & 8 5%tk > Mh-ACO1 fagz‘;éz g (BL =) © 412 | B4
BB o T Rt Bt Mh-ACO2 # 7+ 7 Mh-ACOL £ L8 » & i A7 4
£ om Mh-ACO2 2+ (BI+2) HBRHREEAIRY > HFRHE
PETER AR A kY 9 Mh-ACO2 4 JE 5913 H Bk o
(= )ACC § i fix £ 1> Mh-ACO2 2 { 75 4k 2. % b B ¥ %

{1* RT-PCR #% Mh-ACO2 2 i f stk 2AS-79 # > Mh-ACO1 ¢
Mh-ACO2 3 ~ 5L~ BpEL o9~ 3 52 F 2 2o send MAF) o %
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filter : '
No ‘
1% filter 1 ‘
B-Me Wet |
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No I
0.4M | filter -
mannitol Wet |
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Ve | e B ]
B-Me | filter __BE
and = N g
0.4M | Wet
mannitol | filter B

}AAﬁg

Fig. 11. Wounding treatment of banana

B+ - - % ¥ (Musa ‘Pei :C{h_IA
qsa Pel Chiao’ , AAA group) leaves.
Each leaf disc was cut from banana young Iea\}es to 1 cm diameter, treated with
H20, 1 % [ -Mercaptoethanol, 0.4 M mannitol or 1 % /5 -Mercaptoethanol
plus 0.4 M mannitol buffer for 15 minutes, and then incubated for 0, 1, 6, 18,

24 or 30 hours at 25C.
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0.4 M mannitol
1% B-Me (30hr)

Fresh Leaf 0.4 M mannitol (30hr)

Nature
Light

A

~F

B~ - <% E (Musa ‘Pei Chiaoy AAA grotip).3 * 41 % Aum 2 FDA % ¢ 4
. | 5 € o -

A " P D -
J \</ Y
17 & - B
e N -
)

Fig. 12. FDA stain of wounding treament banana (Musa ‘Pei Chiao’, AAA

anana young leaves to 1 cm

diameter and treated by 04’M mannitel okl %; ?.vMercaptoethanol and 0.4 M

Y

mannitol for 15 minutes, then'iﬁcabétgd.fbn 30 hours at 25°C. Each wounded

leaf disc was stained by 1% (v/v) FDA for 3 minutes.
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B+ = ACC 3 i* p& A 7>t 4] i B i+ Mh-ACO2 # 52 4 E 2AS-6 (Musa ‘Pei
Chiao’, AAA group) & # ¢ 2 %31

Fig. 12. ACC oxidase gene expression in wounded leaves of Mh-ACO2
silenced transgenic banana (Musa ‘Pei Chiao’, AAA group) line 2AS-6. Total
RNA were extracted from wounded young leaves of banana. A. RT-PCR
electrophoresis map of Mh-ACO1 and Mh-ACO2 expression. B. Mh-ACO1
expression vertical bar chart. C. Mh-ACO2 expression vertical bar chart. WT,
non-transformed control. 2AS-6, transgenic Mh-ACO2 silenced transgenic
banana line 2AS-6. Bars indicate the expression levels in different wounding
time relative to the O hr in WT. Bars indicate the expression levels in different

wounding time relative to the O.hr in-wild type:

=l
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Fig. 14. Differential accumuiqtjonﬁ I\}I'(fi-A.l(%Ol:g-é'ne in different organs of the
Mh-ACO2 gene silencing transgefni‘c, bqnané i"ines 2AS-79 (Musa ‘Pei Chiao’,
AAA group). A. RT-PCR electrophoresis map of Mh-ACO1 expression in
different organs. B. Mh-ACO1 expression vertical bar chart. WT,
non-transformed control. 2AS-79, transgenic Mh-ACO?2 silenced transgenic

banana line 2AS-79. Bars indicate the expression levels in different organs

relative to the leaf in wild type.
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Fig. 15. Differential accumulatlon df Mh- AEOZ gene in different organs of the
Mh-ACO2 gene silencing transgenlc banana lines 2AS-79 (Musa ‘Pei Chiao’,
AAA group). A. RT-PCR electrophoresis map of Mh-ACO2 expression in
different organs. B. Mh-ACO2 expression vertical bar chart. WT,
non-transformed control. 2AS-79, transgenic Mh-ACO?2 silenced transgenic
banana line 2AS-79. Bars indicate the expression levels in different organs

relative to the leaf in wild type.
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Peel Color Green ’

of yellow than yellow than green
Color Index
Number 1 2 3 4
Peel Color  Green tip Allyellow  Yellow —flecked Yellow with large
with brown brown areas
Color Index 5 6 .

Number
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Fig. 16. Standard color index.humbers for 6"anana (Musa ‘Pei Chiao’, AAA

group) ripening. (Modified from Csiro, 1972)
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B+ - ~ Mh-ACO2 z Flgk i 2 E (Musa ‘Pei Chiao’, AAA group) % 7
EREAEI

Fig. 17. Changes in peel color during ripening of Mh-ACO2 silenced transgenic
banana (Musa ‘Pei Chiao’, AAA group). WT, non-transformed control. 2AS-79,
transgenic Mh-ACQO2 silenced transgenic line 2AS-79. A. Changes in peel color
during ripening of banana fruits. B. Changes pattern in peel color during

ripening of banana fruits. Bars =5 cm.
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T ELE T

Fig. 18. Changes in respiration rate of Mh-ACO?2 silenced transgenic banana
(Musa ‘Pei Chiao’, AAA group): WT, non-transformed control. 2AS-79,

transgenic Mh-ACO?2 silenced transgenic banana line 2AS-79.
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Ethylene Production (pl C;H,/g/hr)
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Fig. 19. Changes in ethylene production rate of Mh-ACO2 silenced transgenic

banana (Musa ‘Pei Chiao’, AAA group). WT, non-transformed control. 2AS-79,

transgenic Mh-ACO2 silenced; transgenic banana line 2AS-79.
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Bl=- -+ ~ Mh-ACO2 # #]gk it 2 # & (Musa ‘Pei Chiao’, AAA group) % §
BT (e 2 % AL )

Fig. 20. Changes in peel color during ripening of Mh-ACO2 silenced transgenic
banana (Musa ‘Pei Chiao’, AAA group) after 24 hours treatment with 500 ppm
C,H,4 at 25°C. WT, non-transformed control. 2AS-79, transgenic Mh-ACQO2
silenced transgenic line 2AS-79. A. Changes in peel color during ripening of
banana fruits. B. Changes pattern in peel color during ripening of banana fruits.

Bars =5 cm.
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Fig. 21. Changes in respiration rate of Mh-ACO2 silenced transgenic banana
(Musa ‘Pei Chiao’, AAA group) after. 24 hours treatment with 500 ppm C,H, at
25°C. WT, non- transformed control 2AS 79 transgenlc Mh-ACO2 silenced

\ \
transgenic banana line 2AS- 79 e .-’,;:T
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Fig. 22. Changes in ethylene production rate of Mh-ACO2 silenced transgenic
banana(Musa ‘Pei Chiao’, AAA group)after 24 hours treatment with 500 ppm
C,H, at 25°C. WT, non-transforme’d' cohtrol.,;2A8-79, transgenic Mh-ACO2

silenced transgenic banana Iiﬁ‘é‘2AS-_7<9, )
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Bl- += ~ACC § i+ s fL F]>t 2 i* Mh-ACO2 ## 78 4 & 2AS-79 (Musa Pei
Chiao’, AAAgroup) % & ¥ 2. £ 31

Fig. 23. ACC oxidase gene expression of Mh-ACO2 silenced transgenic banana
(Musa ‘Pei Chiao’, AAA group) line 2AS-79 peel. A. RT-PCR electrophoresis
map of Mh-ACO1 and Mh-ACO2 expression. B. Mh-ACO1 expression vertical
bar chart. C. Mh-ACQO2 expression vertical bar chart. Total RNA were extracted
from peels of banana fruits after 24 hours treatment with 500 ppm C,H, at 25°C.
WT, non-transformed control. 2AS-79, transgenic Mh-ACO2 silenced
transgenic banana line 2AS-79. Bars indicate the expression levels in different

fruit ripening stage relative to the stage 1 in WT.
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Bl=- Lt w» -~ ACC § it fis L F]3t 2 i+ Mh-ACO2 # 78 4 & 2AS-79 (Musa ‘Pei
Chiao’, AAA group) % p » 2 £ IR

Fig. 24. ACC oxidase genes expression of Mh-ACO2 silenced transgenic
banana (Musa ‘Pei Chiao’, AAA group) line 2AS-79 pulp. A. RT-PCR
electrophoresis map of Mh-ACO1 and Mh-ACO2 expression. B. Mh-ACO1
expression vertical bar chart (each line folded to stage 1 in WT). C. Mh-ACO2
expression vertical bar chart (each line folded to stage 1 in WT). Total RNA
were extracted from pulps of banana fruits after 24 hours treatment with 500
ppm C,H, at 25°C . WT, non-transformed control. 2AS-79, transgenic
Mh-ACO2 silenced transgenic banana line 2AS-79. Bars indicate the

expression levels in different fruit ripening:stage.relative to the stage 1 in WT.
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4 HLE5BO60P bR BRisz M Ewieii g NG ERR A 60 P 12
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+ (1994) 12 Robusta (Musa spp., 'Robusta’, AAA group) im#z 33 % >t
SHEAALY > B%i4pd 60 P 1T iz < 5 20 2 82 ik 48 > ¥
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X Fd S REESFLSIIEP2ZE 0 L g5 01leme AREKBEEL
BRI EAS LM B > BE SHREE A 3 23187 Hahd
o BAAFEF 9 ] A BEQZ B BT FRG 4P Rk

MAE a4 - w2 £ A s $ (1994) 23 (2006) 2 3 % 4p it o

= ~ 4 E Mh-ACO2  FIBk {48 x 2147
(-) # v or d E e 4afle ~ T
T R FEA é?# Hﬁﬁfm ’ﬁ%% TR R AT T
A% T-DNA z F#@ #-%»‘3 7 rzuw T3t w4k b T-DNA 1 Ti
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Pmred > TdE~fEd A F N Héi'urtfg\’* % 7 Flehr i (An et al.,
1985; Bevan, 1984) - A @B B R B FEc 1218 > J1* a3 e A4 o
BARATES A EATE Y B0 B 5T 0 BRE N R DL
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FZH L AT EAT Y T BRI LN o @ S D
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—

BxPF-
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DB - e B Y B 5 G f B TR
B BER S ¥ afE 4~ (van Loon et al., 2006) o o gt % dr
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- FH LB K 430 50%3 80 % 2AS-1 2 2AS-79 5 % = F LB
71



P % o] 2t 50 %1t 2AS-87 0 pr BRI R R chia H g% 0 ¥ &2 RNAIT A T &
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Arydaso m o #-EL RNA 7 = 21 3 27 # B+ -] eisiRNA (Matzke et al., 2001;
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