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Expression of Antisense Polygalacturonase Gene in Transgenic Tomato
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A truncated Polygalacturonase (PG) cDNA was fused in reverse orientation to the CaMV 35S promoter of the binary
vector pGA643, and introduced into tomato cells by Agrobacterium - mediated transformation. Transformed cells were
selected using kanamycin as select agent then regenerated into plants. After selfed, one transgenic line (T9), was
germinated and grown on MS medium containing 1 mg/mL of kanamycin. Genomic Southern analysis of a T9 progeny

with labelled PG2 ¢cDNA probe showed a single antisense PG fragment as well as the endogenous PG2 gene, suggesting
that PG antisense gene was integrated into tomato genome. Northern blot analysis demonstrated that the antisense RNA
was produced from the transgene at much higer level than the endogenous PG2 gene. Polygalacturonase activity analysis
of the fruit from transgenic plants demonstrated that the antisense transgene expression caused 4 to 60% reduction of

endogenous PG activity.
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Polygalacturonase (PG): EulE 3pAlo] 7] Azl of
depen 2ase] AZHe) 242 peting Folshed
Tolal= EA F0) shio|n) Pectin £allof uhE A EH 9
FxAQ Wil As HA9 d3Hsoftening) 2 o] o] At
(Huber, 1983). 7k EvlE duje] FH344 &3
polygalacturonase E4¢] PG FAAE @Y FAA}bol 28}
of Fe)Ee] 9] 3(Bird et al, 1988; Giovannoi et al, 1989),
of iAol wae o] £4d(ripening) 7 & #A 7}
otk PG mRNAE KA EvlEd A e AEEHA 41, 97
Akshe 27k517) Alasled e oL olelAE A
poly(A)TRNAZ] 1% o|At7tA] &4 %o} (DellaPenna et al,
1986; Sheehy et al,, 1987).

Antisense RNAZ o] -£38}e] polygalacturonase -f-4 2} &
& AfgoEn EvtE ) d3E AAEE A7V w
o] o] ¢ (Smith et al, 1988; Watson et al, 1994), Al
A 2y Ayt QA ErpEst AEFHHVE s
(Charles et al, 1993; Kramer and Redenbaugh, 1994). Pectin

& Basl= A444A% 5 antisense RNAo] ¢ 8 1 %)
7} 1% $-Ax}l= polygalacturonase -5 A} 2] o = pectin
methylesterase (PME) %2} So| ¢iv}(Tieman et al,
1992). o| & antisense A A= EvlBEUE 35 ErlE
Ao} WA 5}=(endogenous) PG i PME -F#H A}
mRNAS} Z3dteto 24 duplex RNAES 84 3d}ed translation
S b, Rk wale] AR Ee] T Al A 5~
50%2 APt Aol THSmith et al, 1983; 1990). Smith
ol 9)3) endogenous PG gene?] W-& A sgiviy B ¥
antisense PG-§-%Ah= full-length?} obd & &2z HE 730
bpell #Fsh= Aol o] F antisense ube] offz}
truncate® 730 bpe] PG AR} =AY sense constructE o]
£-3}o] © endogenous PG -F3 22l mRNA 54L& el 3}ed
e Aagdvs A7t AAEH A Smith et al, 1990).
128)al chalecone synthase (CHS) -f-#1zle] 7A$-¢]% CHS
L7 21e] 3 29] sense W antisensee| ¢]#}A]: endogenous

CHS A} wrao] A3JE A9 Van der Krol et al, 1990),
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5 %29] antisense geneol| ]34 endogenous CHS &
o] 2 o33kS mlxA] %gkrH(Van der Krol et al, 1990).
o]5 ZA2HE antisense RNAS #87]F7} d¢3)
RNA-RNA duplex 8 &5ko] ofi}g} Eo] mRNA 23] AR
o] fAA Ld A HeAE A[E £ Ut

£ dFE PG A4 AA £x 5 & antisense RNAZ
T wE Ade gl ofd BiE ul g 3
antisense RNA2| PG $-4#F 8 A& &35 s
S Aol antisense RNA 714§ 245 =3l Aq2¢ 8
Ao #HE xx &5 4o AF Vs FlsaA At
M3 BEulgEz XE 23 PG FAAHKim et al, 1995)2]
Z2] antisense PG 428 EvtBd] A3t FA

BN

£0tE H3H

roe

Antisense PG RNA9] EntEY &L 95l AlEd
PG 47 BamHI 91738 $4 2E7HN] %9 bpst
T4 FE olFe Iupld <49 171 bpE EFTT
Polygalacturonase ¢cDNA (Kim et al, 1995)2] BamH] -
EcoR] 32 oF 11 kbe] At oz pUCLIZY 2L A
a4 9 x o) AFEedch Pwul & Awsle] PG cDNAY
pUCY] multicloning siteZ %33t 14 kb =7]2] DNAE
binary vectorq] pGA643¢] CaMV 35S promoter 3}Fof 14
st Hpal Awt F9ujel] Atslst F AgEa e A2
2 PG 34 #}7} antisense #3F 2.2 AHE AL Fal, AW
slod pPGlS #)2-slede). pPGLE Holster 5(1978)2] vhy
o w}e} Agrobacterium tumefaciens LBA44Mol| =413+ -2,
pPGle A A3 A tumefaciens LBAYUME Ev}E2] uf
Fal A9 A9 273} 5CA 4B AT BEU L
24 3] A 3+519] o Robert et al, 1988). HAA3H Ew}
E Al z2xozHE A shootd GE87] $she 4
mg/L kinetin, 0.5 mg/L IAA, 50 mg/L kanamycine] A7}
MSul 2]ol| A 7t wjokslolaL, FAAGE AHEsRA L A
vh-S 2]8}ed kanamycin 50 mg/LE A7FsF MS wjX|of|A F
AEHE AFAAS A AEA(T)e 2AA
AMufstel BHEAA TIHHE S48 F4E 1 mg/L
kanamycine] AH7pgl wiA oA weprlA E{FHAA EHf
HA (TI9F F2 Adstsda.

Genomic Southern Blot &=A

Genomic DNAY: &} 23] o2 3 e Shure 2| ¥y (1983)
o W gsle] Halaledy, o 25 g DNAZ EcoRV 2 Agt

8t 3 08% agarose gelol] 7] 353 )&, vaccum transfer
unit (Hoefer, TES0)Z nylon membranes] blot 3}¢ich o]
membranes 50% formamide, 5x SSC, 0.1% SDS, 5x
Denhart £% 92 prehybridizest ©}-&, %P2 F A A7
pPGl2] EcoRY ¥ (PG cDNA)(Boehringer Mannheim
Random Primed DNA labelling Kit)E probe® hybridize 3}
it} 1x SSC, 01% SDSZ 42°ColA A|H & F Xoray fim
of =2kt

RNA 22| 2! Northern Blot &4

RNAX: EvulE pericarp 73 22 HE Smith 2| =5
(1986)-& wWHale] Basldd, oF 10 e total RNAE
formaldehyde #-f- 1% agarose gele|A] #H7] 3E3 oL
nylon membranee]| blot 3}93t}. Hybridization2 Southern
blot #A el o] 88 PG-specific probeE o|4, TR,
membrane AN H & 42°CoA 01x SSC, 01% SDS& o=
A% F Xeray flmol] 347

Protein == 2! Polygalacturonase &M =4

Protein> Ev}E pericarp £%] 2.2 5-E| Pressy| H1H(1986)
of Mt FE3Ar EvLE pericarp £3 5 g& HA A Lo
A a8l 3 5 mLe Y4 homogenizedt T}, 0.25M HCI
2 pH 3022 ZA4slx 2CoA A Re (8000 g 20%)3}
o soluble componentS- A A3tk pH 308 W4 7.5 mL
2 t}A] homogenized}o] ARt 2, IM NaCl £
2 2311 pH 6571 H 2 4£°ColA 3087t mulele] PG
g4& 3)|EA7] ¥ Whatmann filter No. 12 of3}a}e]
Smith 5(1985)2] & 712 o8 3 BCA protein assay
kit (Sigma)2 AL AFsidn. PG 4L 1%
polygalacturonic acid2 7]A=Z 3}e] 1 M NaCl, 02 M
sodium acetate HFZ 4F MO 2 37°Cofl A 1587 8F-&-5led
275}9].21, a-D-galacturonic acidZ AF&3F ZEIFA
o A= BLFY 2= AASIH T Tucker et al,
1980).

e g -

riot

Antisense PG SMAIe| EOIELY AN

antisense PG RNAZ EvlEU|2 =9]317] ¢ste] Ajztet
binary vector pPG19] 24 %% Figure 13} 7t} pPGle] &=
A9 A tumefaciens LBAMMZE En}E ) AujEel A
o] 2k Mgl P97, ANEHE FEFET o)d 3§
AR NS Adshed 90 mg/Le] kanamycing AH-
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Figure 1. Construction of pPGL. A 1.1kb BamH] -EcoR] fragment of the 3'end of the PG ¢DNA was isolated and cloned into the same sites of
a pUCL18 multiple cloning site (mcs). The 1.4kb Pvull fragment from a clone containing the truncated PG cDNA fragment was introduced into
the Hpal site of the pGA643, under the control of the cauliflower mosaic virus (CaMV) 35S promoter. The antisense construct (pPGl) was
confirmed by Hind[l restriction analysis. B, BamH]; Bg, Bgllk; HI, Hindll; Hp, Hpal; P, Pwul; H, EcoRl; RV, EcoRYV.

Figure 2. Genomic Southern analysis
of normal and transgenic T9 selfed
progeny. 25 g genomic DNA digested
with EcoRY was probed with the PG

~8.0kb  (DNA clone (pPGI -EcoRV
fragment). Lane 1, untransformed
plant; lane 2, pPGl transformed T19
plant. The 1.7 kb fragment for the T9
selfed progeny (lane 2) was not found
in untransformed tomato (lane 1).

sl a, A AEA(TYHZFEH dA4d FA
kanamycin 1 mg/mL E-f3l= MS wx]ol] welrl7l F
AMZ Eute TI9E d9doh of HAAM AF T9
genomic Southern analysisZ antisense PG -3 219] AHg
gl 519 ch(Figure 2). EnkE o DNAS EcoRV 2 Aghat
% pPG1e] EcoRV-DNAE probeZ &}e] DNA-gel blotting
S 39g W ZidEE NEE pPGlY o3 =44
antisense PG A} 14 kb%} 35S promoter ¥ 0.3 kbr}
zgd L7 kbep e dAA A HAHE dx
(endogenous) PG §-A#}9] i =o|c}. Blotting 23}, 8|34
A8 EntE 9] DNAJ|+ endogenous PG -F-% AL Wi=nt o}
v vl HAAZ EnlE T19 DNAJE= =4d
antisense PG §-A 2} w1 =41 17 kb&} endogenous PG -4 =}
izzh ok 8 kb Ao Jebgde} o] 24 Ti9S antisense
PG FA27F AR AYEA o] EAHAR T2l
DNA dot blottingg o] &3}ed AN =4 FAHA AT-E
zAslei vl EntE polygalacturonase: =t A Aol 23]
code® 2 9l A2 Aol &d(Bird et al, 1983 Rose
et al, 1988), T19 DNA9] dot blot 7= v]32 A3 DNA
B} 2aj7heE 7FebA vehd @709 antisense PG 54 A7)
AdEASS AR AAFHA ). o8 ¢
kanamycin 3 ¥ R|el| A& FaPdto} Alg ZAsfel 3o 19

tlo mle o2t min

1 2 Figure 3. Northern analysis of total RNA
from untransformed and pPGl
transformed fruit (Ted). 10 wg of total
RNA was hybridized to a 1.6 kb PG
¢DNA probe. Lane 1, ripe untransformed
fruit; lane 2, ripe T fruit. Ripe fruit
was harvested 7 days after the first
colour change.

=

Antisense PG SXIA}e| dsd 2l pg SXA} 2h&0]|

Izl

Antisense PG 425 §AA{E Fo] AE3 EriE
Ti9e]| A antisense PG Trx*x} o iy AxE Falslr] Y3}
of 1| 232 (pericarp tissue)ol|A] 2] RNAZ Northern
blot BAL 23519tk PG2 (DNAZ probe 3S )
g A8 Eul®e endogenous PG A LR} antisense
PG 4478 A4 W=7k 2Aue) A5z A v
ol Figure 3). Endogencus PG RNA¢9} antisense PG RNA
9 QAz77 FUdEEE T9 RNA wl=e= endogenous
PG RNA:Z Eg=e] gilovt v5d43 RNA =9
7452 7hetelelel e T antisense PG RNAZ} S g
22 AAs 9ok

Ti9 A% AEA 107439 EntEr} HA o2 104 F
o 9] zxv PG 4 S ST A, B3AA
3 EviE PG 49 39%~%%=Z 32 o] antisense PG
RNAdl| 9Js 21 60%717] PG &3 o] Asg& Felsad
t}(Table 1). Figure 394 antisense PG RNA W&oz A
Ab 7F58t PG mRNAS| $H 3o Ftase] AR 22 PG
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Table 1. Polygalacturonase (PG) activity in ripe fruit of T9 (pPG1
transformant) progeny.

PG activity?
Plant (ug GAP/min/ug protein) Mean % normal PG activity
T19-1 0.66 76.7
Tig-2 0.63 733
T19-3 0.72 8.3
T9-4 0.34 395
Ti9-5 0.70 814
T19-6 0.55 64.0
T19-7 0.66 76.7
T19-8 0.55 64.0
T19-9 0.83 %5
Ti9-10 0.57 6.3
control 0.86 100

aP(; activity is the mean from 2 fruits per plant harvested 10 days
after the first colour change.
bGA, galacturonic acid.

o) 7k g ole]x PG B4 FA o] AdfHNUEE
A gl PG A SX%3 PG B4 %“3:%
¥ 3 BA18L3 strand-specific PG probeE o] £3}o] antisense
PG RNAS} PG mRNA FAFS A4 3 #4349,
antisense PG RNAo]| 2)§ PG &4 A& AAZE o] A3}
Al spete 4 glegjet AlRHC 9, PG AHA FA A
t)sh antisense RNAe| ojsjMe PG &4 34 Adgeol
70%~90% 9 1.(Sheehy et al, 1988), PG F+F F#5#e) 5 &
760 basesl] =3} antisense RNA EX sense RNAT 2%
A2 PG §% 29 antisense RNAS} T3 PG 84 &4
Hﬂ%%iﬂbﬂﬁwmmamﬁww,%ﬁ¥qq4%
3 PG F& A7k 32 11 kbol] o3 antisense RNAd|
olgk PG E4 B4 Ad&L 5~60%2 A ek o
23t A= o Fe} antisense CHS cDNAS] E8lel &jsh
P (fhfn) 34 A& A vlssch Van der Krol 5
(1990) )l &3l 372 Aubell 3 antisense CHS RNA:=
A CHS fA Aol i3t antisense RNA®} o3 7E19)
ke Bo F¢l3, 52 Ayl %3 antisense CHS RNA
= fefae] 943 mAA gk olF A2 HE antisense
RNAS 238 % ¥ wlg} endogenous FA 2 mRNA 94|
A7} Zebd 5 9Ly antisense RNAY 248 7]%}
o] ©h43] RNA-RNA duplex 3Alo] 23 A9t ol &
A3 ¢ 9Qx, w3 EF RNA 23 Ao % #3A
W A3 7hed s A4 4 ok ‘

H 2

T AwME EwE MG FFozyy g
polygalacturonase A 2HPG2)2] 3 &

AE HAARE PN o) antisense W2 AFYIe 5 A
A4S o] fsle] EnlEd =zt PAAG EnlEE S
sk ¥AA EviE(TVE BMAA 2 FAE 1
mg/mL X9 kanamycin &-§ MS w)z| o A wo}r)A B
g Ad Fojx] T19 AEAZ dgch Ti199 genomic
Southern blot ¥ 73}, antisense PG 412} 17]7F 94 A
W2 AY4EUES Festda RNA gel blot $A22
endogenous PG mRNA Xt} antisense PG RNA7} 7balA] &
HES sl TI9 A% 100449 Hs Evfe 3y
2299 PG &a X 4~60%7HA] A s H o

o]
—_ o

FD
rar

Bird CR, Smith CJS, Ray JA, Moureau F, Beven MW, Bird AS, Hughers
S, Morris PC, Grierson P, Schuch W (1988) The tomato
polygalacturonase gene and ripening-specific expression in transgenic
plants. Plant Mol Biol 11: 651-662

Charles IB, Thomas U (1993) Biotechnology in the food industry.
BIO/TECHNOLOGY 11: 895-902

DellaPenna D, Kates DS, Bennett AB (1986) Molecular cloning of
tomato fruit polygalacturonase: analysis of polygalacturonase mRNA
levels during ripening. Proc Natl Acad Sci USA 83: 6420-6424

Giovannoi JJ, DellaPenna D, Bennett AB, Fischer RL (1989) Expression
of chimeric polygalacturonase gene in transgenic rin (ripening
inhibitor) tomato fruit results in polyuronide degradation but not fruit
softening. Plant Cell 1: 53-63

Holster M, De Waele D, Depicker A, Messens E, Van Montague M,
Shell J (1978) Transfection and transformation of A. tumefacieus. Mol
Gen Genet 163: 181-187

Huber DJ (1983) Polyuronide degradation and hemicellulose
modifications in ripening tomato fruit. ] Am Soc Hot Sci 108: 405409

Kim YM, Lee SK, Kim YH, Hwang YS (1995) Isolation and
characterization of polygalacturonase cDNA from tomato. RDA | Agri
Sci 37:199-203

Kramer MG, Redenbaugh K (1994) Commercialization of a tomato with
an antisense polygalacturonase gene: the Flavr savrtm tomato story.
Euphytica 79: 293-297

Pressy R (1986) Extraction and assay of tomato polygalacturonase. Hort
Sci 21: 490-492

Robert BH, Joyce E Nancy H, Jeanne N, Stephen GR, Robert TF (1988)
Leaf disc transformation. In BG Stanton and AS Robert, eds, Plant
Molecular Biology Mannual, Kluwer Academic Publishers, Dordrecht,
the Netherlands PMAN A5/1-9

Rose RE, Houck CM, Monson EK, De Jesus CE, Sheehy RE, Hiatt WR
(1988) The nucleotide sequence of the 5' flanking region of a tomato
polygalacturonase gene. Nudleic Acids Res 16: 7191



Sheehy RE, Pearson J, Brady CJ, Hiatt WR (1987) Molecular
characterization of tomato fruit polygalacturonase. Mol Gen Genet
208: 30-36

Shure M, Wessler S, Federoff N (1983) Molecular identification of the
waxy locus in maize. Cell 35: 225-233

Smith PK, Krohn RI, Hermanson GT, Mollia AK, Gartner FH,
Provenzano MD, Fujimoto EK, Goeke NM, Olson Bj, Klenk DC
(1985) Measurement of protein using bicinchoninic acid. Anal
Biochem 150: 76-85

Smith CJS, Slater A, Grierson D (1986) Rapid appearance of a mRNA
correlated with ethylene synthesis encoding a protein MW 35,000.
Planta 168: 94-100

Smith CJ, Watson CE Ray J, Bird CR, Morris PC, Schuch W, Grierson
D (1988) Antisense RNA inhibition of polygalacturonase gene
expression in transgenic tomatoes. Plant Mol Biol 14: 369-379

Smith CJ, Watson CE Morris PC, Bird CR, Seymour GB, Gray JE,
Arnold C, Tucker GA, Schuch W, Harding S, Grierson D (1990)

Tnheritance and effect on ripening of antisense polygalacturonase

Antisense Polygalacturonase Gene 355

genes in transgenic tomatoes. Plant Mol Biol 14: 369-379

Tieman DM, Harriman RW, Ramamohan G, Handa AK (1992) An
antisense pectin methylesterase gene alters pectin chemistry and
soluble solids in tomato fruits. Plant Cell 4: 667679

Tucker GA, Robertson NG, Grierson D (1980) Changes in
polygalacturonase isoenzymes during the ripening of normal and
mutant tomato fruit. Eur | Biochem 112: 119-124

Van der Krol AR, Mur LA, Beld M, Mol JMN, Stuitje AR (1990)
Flavonoid genes in petunia: addition of a limited number of gene
copies may lead to a suppression of gene expression. Plant Cell 2: 291-
299

Van der Krol AR, Mur LA, De Lange F, Mol JMN, Stuitje AR (1990)
Plant Mol Biol 14: 457-466

Watson CE Zheng LS, Dellapenna D (1994) Reduction of tomato
polygalacturonase beta subunit expression effects pectin solubilization
and degradation during fruit ripening, Plant Cell 6: 1623-1634

(1995 129 27 AH4)



