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Inheritance and Expression of Antisense Polygalacturonase Gene in Transgenic Tomato
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Ts progeny of one transgenic tomato line (To9) carrying antisense polygalacturonase (PG) cDNA was generated by selfing,
Five Ts plants were used to analyse in detail. The PG antisense gene was stably inherited through fifth generations. In all
five Ts plants, expression of the antisense transcripts were detected. In consequence, it led to a reduction of the PG enzyme
activity in ripe fruit to between 37% and 65% that of normal. In two plants the expression of endogenous PG gene was

inhibited in ripe fruit.
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Polygalacturonase (PG)= EnlE Aol A ge] ulel
23] T FAHEQ pecting Fa)5hsd] Ho3)
¥ 54 F9 sljo|r). Pectino] Balg oz AxEHe T
2 Wit 2AHT 27 HA9 o shsoftening) 2 o]
oz} (Huber, 1983). #]% EvulEeA= PG mRNA7L 7%
Hal dAT 7] AlEgH FAlel FAHLz Friste
f57)e) et A3 poly(A)* RNAY 147t 499
(DellaPenna et al, 1986: Sheehv et al, 1987). Antisense
RNAE o|43}ed polygalacturonase 5% #}e] &S A sig
c24 EotE el dAfE AAA AMEE QA
EolEs} AA AEHE7E 849 cH(Chares et al, 1993:
Kramer and Redenbaugh, 194: Watson et al, 1934). PG
27 SJ9IE antisense RNAE ol8319} 4718 431
A8 AP E pectin ¥-8)ol] Fod s} pectin methylesterase
(PME) - aHTieman et al, 1992), Jl€ddl gAJe) Aeds}
+ ACC synthase, ACC oxidase -§-Az Teo] ¢lti(
Hamilton et al, 1990)

EulE9] endogenous PG gene W& e] 70-90% oA} A s
o3 B3¥ antisense RNA: PG §-94b9] full-length2
o8-8t 14 Kbs} 5%2] 730 baseolw] (Smith et al, 1988:
1990), 3%2] L1 kbe] antisense RNAo]| &]sted:= 4-60% A

#AEE 7 HAAA B8 cHKim et al, 1995). of <} ¥]
223} ¢} & chalcone synthase (CHS) %218 ZA$oix 32
o} antisense RNAe}l 2]8}od= endogenous CHS -§-H z}2] wt
Hol A& (Van der Krol et al. 1990), 5%2] antisense
RNAo} ¢]3led: endogenous CHS %= 29 A 37} o}
efr}A] ektH(Van der Krol et al, 1990). o|& A2 4¥
antisense RNA®2] #}f-o] @43 RNA-RNA duplex 34 &
ato] ofuet A s mRNAS| 3 AbEel & f-da @
g Asl ASAE MAG £ gdoh =9 PG HH7 5%
730 bp®} antisense gened =¥ AN EviEe] I
(T1) e A3 ZA3, antisense PG §-Z A7} single
copyE =1¥ HAHY EvfE FojoA PG Eh HA
5-50%2 wofit A B S e, 1 F uldAHR B
slE2e] 10%% PG EAVE A#|d line] AR LA
antisense gene®] 3§ (homozygous)E ZA|8 74
Bool 4 Ha BAol A AEAE FUAH H(Smith
et al, 1990). £ QT 3I%2] 11kbe] antisense geneo]
FAPEY ErEY T5 AdelA antisense geneo] A
22 $HEL AT 2 PY 9 PG B4 A BA
< A4,
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PG #32t9] 3% 11 kb2] antisense gene®] E3lo] <)
% A8 EntE AZ(Kim et al, 1995) Tv 9 line2] =z}
£ 1 mg/L kanamycino] M7} wizjoj A WolAlA £
Azl B WAE Rel Awstn 2A6M Auistd HlE
A7 G, el FaE 2o weg Ts AlY7tA &4
gtk o] £ T 9-4-Bi-1-2 (o]} Ts 4B1Z ¢}§}), T 94-
Bi-1-B:-U(Ts 4B2), T 9-5-B1-3-2 (T5 5), T 9-6-B1-2-8-6
(Ts 6), T 9-10-B1-2-B2-8 (Ts 10)8} 7o] S-A1& SApA|S
A g 8E EYoj o] L3}

Genomic Southern Blot A4

Genomic DNA¥E 9! 2223 X¢ Shure S-9] v (1963)
& Wgsled Balaledy, o 10 ;g DNAS EcoRVE Mot
g ¥ 08% agarose gelo] A7) °3%5% o} nylon membrane
o] blotslsdt}. ¢] membraned 0% formamide, 5xSSC,
0.1%6 SDS, 5xDenhart 849 2 prehybridizationt o}, ®p
2 A7 pPG1e] EcoRV 3 (PG c¢DNA)(Kim et al,
1995)-% probe& hybridizationd}eir}. 1xSSC, 01% SDSZ
42°Coll A MM F X-ray filmol] xZ3}eidh

RNA E2| 2 Northern Blot £44

RNA: EnlE 93} 34A41e] pericarp 2% 0.2 BE] Smith
9 WHH(1986)S wgste] Felsledx, oF 10 w9l total
RNAZE formaldehyde - 1% agarose gelo| Al A>) ¢} 53
o}-& nylon membranee] blot3}9]c}. Hybridization-&
Southern blot ¥M ol o]-&3} PG-specific probed o] &, 43}
&l 3, membraneg- 42°Cell 4] 0.1x8SC, 0.1% SDS&) o2
A Mg F Xoray fiimel k&7

Protein & % Polygalacturonase E4d &X

Protein® Evo}lE pericarp A 2% Pressy?] 4y
(1986)e) ate} 3=&3llc). Evl¥ pericarp 274 5 g& A
Ao olfgt ¥ 5 mLe F{<% homogenizedt oHg,
025 M HCIZ pH 3023 ZAFHI 2°ColA 944%s
(8000xg, 20%-)3}led soluble component® A3y} pH
309 ¥4 75 w2 o}A] homogenizeste] A1) o,
IM NaCl 422 22353 pH 657} HEE £CoA D
¥ Tulsled PG AL 3]¥-A17) & Whatmann filter
No. 122 o#}3s}o] Smith $2] uh(1985)& 7|Le2 3
BCA protein assay kit (Sigma)2. proteing & &3} PG

242 1% polygalacturonic acid2 7} &« 1 M NaCl,
02 M sodium acetate 4H-g k3ol (pH 45)2.2 37°CollA] 15
27 whgete ZA89] 2, a-D-galacturonic acidE AM-
% EE24o] oo 449 BUYe pez Axbsiolct
(Tucker et al, 1980).

Antisense PG FTXI2| oHHX RM

Antisense PG 42} #AAg Eol®E F single copy2
FAA Arddol #ld To 9 lineo] o =4 Ts A 5
AAZHE Helgl o DNAEZ EcoRVE AHohsl 3, PG2
cDNAE probeZ 3}ed DNA-gel blotting 3}ej-L o] 7)d5
+ band¥ antisense PG §-&- 2} 1.1 kb#} cauliflower mosaic
virus (CaMV) 35S promoter Y ¥-9} T7 terminator Y¥-Z
Eget 17 kb e BvkE GAlA Aol WAL Qe
{endogenous) PG -+ #t2] wi =o]c}. Blotting A3}, u]& A
A2 EvlE ¢} DNAoj+= endogenous PG A} vl =ul o}
b= ubg, T5 4By, T5 4Bz, T5 5,.Ts 6, Ts 109) 5720419
DNAol+= 2% =4% antisense PG §- =} wi=el 17 kb
2} endogenous PG &A=&} wi=7} oF 8 kbe] ¢)x|e] Yely
cH(Figure 1). o] 24 Ts M e] 57A A antisense PG &
AR HBAHLZ fA gl BalH

Antisense PG F&XI2] 81 3 endogenous PG XA}
uisiof oj& H&t

PG frAzte BEul® A%57)9] ffoat Sojxos w3yl
Ho] odelx ¢loH(DellaPenna et al, 1986: Sheehy et al,
1987). Antisense PG $Az}9] HAA &L s oj &3t
promotery= constitutive promoter® Z32] ujEo|He] wHdl &
A& M A2e oejal CaMV 35S promoterolv}. uwhe}
A antisense PG #827F T5 Aol b doz wasw
ALAE HED] Aok +4 - gARPA Yozye
RNAE #gjsld PG cDNAZ probeE 38}y northem blot-2
et v AAE SulE o] A E antisense PG RNA
WME7E JehdA] ¢= uid, Ts 4Bi-l, Ts 4Bi-2, Ts 4Be-l,
Ts 4B2-2, T5 5 T5 6, T5 109} Yo M% antisense PG RNA
WE7E debdo 2 Ts AldolAE antisense PG F-3 A7}
dAHo2 HAHT &S ¢ F AHFigure 2).

Antisense RNAd] 23} endogenous PG §A#1e] wd A

3 FEE ZA] A8 A4S EvtE 23] 24| (pericarp

tissue) & 2 ¥-8] RNAE 25l PG cDNAE probeZ
rorthem blotd T3}t 2 2, Ts 4By Ts 6olME
PG mRNA £Heo|- ¥A 3 z4ge HAdsii, o:
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Figure 1. Genomic DNA blot(panel B) ol transgenic T% plant
containing antisense PG construct(panel A). 10ug genomic DNA
was digested with EcoRY and probed with the EcoRV fragment
of pPG [ (PG c¢DNA). Lane 1, pPGl digested with EcoRV: lane
~. untransformed plant: lane 3, T, 4B1 plant: lane 4, Ts 4B2: lane
A T 50 lane 6, Ts 6: lane 7, T% 10. In addition to the endogenous
pands lanes 3-7 each contained a single additional 1.7 kb DNA
ragment.

antisense RNAe| 2]3} endogenous PG -2 a}e] whéglo] 3
HEE AlAbgtch &g, Ts 4B Ts 59 A%, delMe
antisense RNAS] whalo| #olxe] golle 23aty sta) =
3ol A endogenous PG HAl#} wha AaE fAd £ oAl
“HFigure 3). o] endogenous £-&zke] RNASIS] duplex
A olg fxx dd Mz dyse 9wbdg
antisense RNAS) 287|322 Mg 4 gomz Al
sirand-specific probe 52 o] &3}of & oAl MAF
antisense PG RNA % PG mRNASH} A4y 4%
RNAYE #43] 2Asly antisense PG RNAo| &3 PG
FAzte] 1y e [AE o AUsA et & 9l
g Al €

Antisense PG FEME S01E(Ts MiH)2] PG &4

Ts A g3} shado) $7) «47) Aztsiel 109 77
A A5 EviEs) wiganig EviEe) 4% wAd 33
Ao PG B4 4L 2 45, vgAng 4%
EolEe PG A4 AL 10422 3192 o antisense
PG 3#AX& A5 EnlEe PG AL 7-656%2 7H2st
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Table 1. PG activity in ripe fruit of T5 tomato plant.

plant PG activity Mean % normal

(g GAYmin/ig protein) PG activity
T 4B1 067 5
T 4B2 078 439
) 1.14 (3.7
T LI6 (4.8
T5 10 0.5 S8
Control (mature) 1.7% 100
«  (turing) 078 439
#  (immature) 006 {4

aPG activity is the mean from 2 fuits per plant harvested 10 davs after the
first colour change
b GA, galacturonic acid
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Figure 2. Expression of antisense PG gene in T3 plant. Total leaf
RNA(10ug) from 5 T planis was hybridized to a PG ¢cDNA probe
(upper panel). Lower panel, EtBr-stained 1% agarose gel. Lane 1,
untransformed plant: lane 2, T5 4B1-1 plant: lane 3, T> 4B1-2:
lane 4, T5 4B2-1: lane 5, T5 4B2-2: lane 6, TO 3! lane 7, T3 60
lane 8, To 1(L

Figoe 3. Antisense

RNA and PG

m R N A
~accumulation in

ripe fruits from the

18Kb T> plant. Total
fruit RNA(10ug)

was analyzed by

northern blot with

258 a PG ¢DNA probe.
Lane 1, red

188 untransformed
fruit: lane 2, T5

4Bl plant: lane 3 T5 4B2: lane 4, T5 5: lane 5 T5 6 Ripe fruit was
harvested 7 days after the first colour change.
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& ZAe] Aad PAMY EulEE ¥ Figuwe 2004
antisense PG RNA2] wWalo] #Hol¥ ¢l o v 2 antisense
RNAej| 2J3lef Azldoz faizl wilo] JAHULEL
¥ 4 9loy, Figure 30 A+ antisense RNA2] &l a}o|
endogenous A2} mRNA A ol Jgg njxx] ¢4
< AABLE gl wheld A3} EviEe] PG #A4- A
8}7} ©4=%] antisense PG RNA7} endogenous PG mRNAS}
RNA-RNA duplexE 3]4is}ed translatable PG mRNA¢] &
Mg Zhael] fE A2 2 5 glon, Axyd &3
® RNAc)ol 28t 43 4, oA @sled co-supression}
2 A e 24 s E 448 4 g

H 2

Antisense PG 42 8 Ax 8 EvfE2 YE QHAA o

%% kanamycin Wl4d-§ o] &8l SAld7tA] B, &
3ted antisense PG -4 %17} A2 3 AEAES
23t ol 5 AEAe)E genomic DNA gel blot ¥-A02
antisense PG f-#4 =7} ot o= -rr’ﬂilmi northemn blot
¥ME E3l] antisense RNA7L 39S sy, =3
antisense RNAol| ]38} endogenous PG #-Zz}e] Wl A4
£ FA5l9c) Antisense PG #-1% #4488 A% EnlE
W PG B4 ZAo] u|gAdds A& EolEo] ulsle 37-
5% £ELE Asl=Eoh
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