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EH ACC S FLEE cDNA 7 [& R EL X R A FAEI R X HH] -

AMERY BHENZ hek! K OB o# A
B wm' xlFE ERE’
(PEASRMHBHFRF LF  100003)]
(PEMERMEHHRAF JLFE  100080)°

W E FHRIPCREARKEMT ACCHRMEEEIFKM AL - LE-ACC2 HiFFK 4
1.7kb § DNA, 2BEHE A FHAHEERRE, REEAIEY ZERE pBina3? &,
MR T #EACCEREE X RNAH _AEif. SRTFEARYLERWE MG, BT
PCREMARERBEF LR PHED 6 BBEEEMHK, Southern XX WIE T SMEEE B
A AT BMEAG S I REZHBRMISHERBHERRB AT HER
BACHXM A 0% AEH, EERTHERNENRELRERT 60 d L LR EHARL k.
LESREPHRE Y RNAERERFMTHRSEFIOLNH 280 £ %5 8 A T LR
RERD, ZNE B FOHRMRSEFE, MHFERERT -R(THMDTERE-- SR
BEXACCERBER AN ERFFRERFA. Al F R FEN S LR
MR EREA AR E RS S R,

348 ACC (1-aminocyclopropane-1-carboxylate) S B, 5 X RNA, #EH %
FERAES Q784

BHNRELRBRRATHTRTNREWER, IR ABELE KA EBELE R,
EIEEFE R R AR, BRREM TR VIR S M AR
EREXRBEENERZWER, MZHERTEAREMBAE P AN —FHF R
i B H RS ERR B SHEREFHLAER, FIHX mRNA FIE G R RER
B, AT B SRS B, 80 FRW) Yang HEMB T 28 W & A RN, Hd
SAM [R) ACC ¥4kl ACC S B REME N 2B ED SRR EE. HITCOHNERH
FHBELH 9 MRBEAD), HPFHA O RERNBRIESR S, HREARESE (Ripen-
ing fruit-inducible gene, R-type). #TJLEXI ACC ERBH T TEYFHRRETEKXR
R FLSDHEEFLRENFRAPREMGAT ACC & BB DNA FIA NV HFHF
;,',J[Llo]o

HTFZRRELEZRBARENERN, NTELEH A AR EFSHERR
AT R HRERR LR B - EEE S EERNTRREZ —, HILERRBERY
RYXBRBAERSERZEE AWK, BEEEEEEHERNE ST CAERERBR
sht), Fu M R X RNA B AR H ACC & BB E i R M T IH &40 & RE—%

FWH R FEE AR BHEBOEHEIR E, FwHE3 2 B a5 4.0 (1CSCH Ay i 7 3 8 B 1 ¥R 4 ¥E 8.
W4 A A . 1997-06-28, {8 [E] H #1:1997-11-20.
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WEATHREREEFHERZFHOE AR, #EN, FoBSUYERK ACC R X E
¥ ARMIEE THERER, ENHEREHEE RO TRy BB ES S0
RAMHIE. _ '

RIVBFBE DY ACC BEFMNU HH RT-PCR AR RE T —4 ACC 4 1B
cDNA, Hil i RAT E R R L FMIMELERFE T RIX ACC R X RNA B ERBMHE
B, TR T RS EEEMASK R, AXHERTFTEN — B EEERE,

1 MREFE

1.1 %%

HFAEH 28" (L . esculentum ov.Jiafen 2) REMBE L ENERH &, AR
T TE" ( Lycopersicon esculentum cv. Lichun)®T- B8 P E LB

TR pSP71 B B Promega 22 @l ; pBind37 AP R BREBEDHE A F R ETREY
72115 BRI B 2 4P DNA 154588 % Boehringer Mannheim 5 Promega 23] 2 6. cDNA
A RGRT & HEAL S 4 DNA #3712 FI & B Boehringer Mannheim %3 7. T7 DNA Se-
guencing Kit #§ § Pharmacia 22 8], Taq DNA E&BME FRIREAET, A #E S
dATP, - P-dCTP H 3 E NEN 4 7] 7 fio Zeta-probe 22X B W B Bio-Rad 248l X
RNase ) DNase I B Promega 4}, PCR 5|# bR AE Y FHE RE R L Sangon
EYTERATER.
1.2 ACCEEMDNANTRREET

¥ Straeton % H LiCl S B 1 RE ACC & MBS, 2 Vries =T Rl (AR
B ER B EMREOC E AR TIRIUE RNA, ¥ 8 RNA i Oligo(dT) F 4 £4E 5B
mRNAM, 4245 cDNA & BRI AR £ 4R 200 S RIE R P A M DNA 55— K4,
AR 201 I0F] 500 PCR RV K2 PHATH 8, KA &M H:94C Lmin, 56C 1min, 72T
2min, 3£#FT 30 PME3HF. PCR =L 0.8% MR d ik 2 &5, ¥ LA 2 pBlue-
script SK #1 EcoRV {i 55, 235 (b 7k 8 ACC & LB# cDNA Wk pTACC, *f pTACC BT
W 407 TO R 75 B F DU ki 8 SRR P 3R A9 ¥ 3. #% pTACC l Sma 1 /Cla ] B4 88
B, HU 1.76b ACC A RBEN A B, 5 Pvull /Cla I SE & EERENY AR pSP71 BB 1L
DH5q Bif88) pSPACC k. |
1.3 ik ACC S REIF X RNA B E# 4 roiE

H Bl Il #t Xho I ¥ pSPACC B2 8], Bik/G B 1.7kb B, 5 BamH [ 1 Sal T
TEEHN pBind37 EEFHAEBARERIE pBACC, 2% An S8 FHE#BE
pBACC W R E LT
1.4 FHBVFRAFHBKINTLE

Fl pBACC/LBA4404 #4k, 7~8d EMME T EEFHBEN MSIEFE LR
BT REEERY,
1.5 FEKEHE#%L PCR N & Southern blot Zx3F
1.5.1 PCR#M: B CTAB ™ BERF £ F DNA, 32 I 5 84k (27 100ng
DNA)7E 20ul R4 % H3#1T PCR KLY,
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1.5.2 Southern blot 47 #7: 10ug FHiM DNA LEFES, 7F 0.8 % FAFEE R - vk &
B, A Hybaid 22 @ E TR B B 1% DNA $# 3] Zeta-probe IR L, A5 45%P $Ri2H ACC
EH#FEH (1. 7kb Xhol-Bel [ WEFWIH pSPACC A BH)65C 7K o
1.6 ACC 4B RNA xR

A shmeel iR B A R I AR B A RNA, £ RNase 8 DNase £ B8 JE & DNA, #%
Gibeo BRL 4 7] SuperScript™ cDNA £ BIAN S HEF 01 &4 L ACCL A 314, T 20ul R
Rk B4 AL cDNA 85— %4, 2 RNase H 4bH S B 201 7€ 50pl 2 4% & L ACCI,
ACC2 Z51%# 4T PCR ¥, Y &4 :94TC 1min, 55C 1min, 72C 1min, 3t 30 4%
#. RT-PCR =¥ & TR bk 0 B, REATL 1.5.2 Ff B k5 ACC ZEHE B4
HATHR.
1.7 HEEFHRLTHTHENE R K ERTERNE

AT B RE R R T/ CEESNE A 3g A=A, VB EEHAED, BT
25C TARIE 1h ERHESSIEAER 1ml 54, BA 103 ASHA BN (SRS
BRNZBER, FSTELBITHITBEHZBRNE, L W/g-h R

HEREMEHRE TARKERZESN SIS LT SR R RaE, W
BEKRRITEE, f£— @B EREUS 5T 8RB A B8R L3 T r I .

2 BRE5H®

2.1 ACC & HEE cDNA MFERFEE

RS REMERFFU Y LE-ACCZ 2R 5 E4BEM 3 FRBE 4 ME
HTEFERESY, EN2RE:

Primer ACC1 {P1):5 -TAAAGCACTTGTGAGTTGTG-3

Primer ACC2 (P2):5-CCAGTTGTCAATACATACGCT-3’

RS TR 1.2 PIrRER T HFRER 2 57 R LD cDNA, PA cDNA HHHR
A LR ACC ZR RIS (#iliid PCR ¥ HBEI T 1.7kb £/ DNA F &, Bl BT
k¥ A pBluescript SK #J EcoRV i A 318 T A RE pTACC( LA 1), DNA ¥ it
A RET R IE 400bp (9 FF], 5 Vander Straeten 4 R F i LE-ACC2 F 50 N ET 4
TeE—H. REtBEMTRIEERINTREROERREAH(FHE)., 8BTS
B2 R AEEERT R X RNA B3] £/ B re A BB, BT AR TR A% cDNA 347 2 #8
EHBEFEIHME., AT ETH ACC 5 HEF DNA RAEAFEGFAEE S, XHEH
W T pSP71 R B pSPACC(ILE 1),
2.2 pBACC B {L— i ErHR

MpSPACC 4B 1.7kb 8 BY )5 5 BamHI fl Sall T 2R LB E
pBind37 B EIFE ACC § REFR L RNA M =584 pBACC(E 1),

¥ pBACC [F 8 H 1285k & 7 8 LBA4404, Ll EcoRI #1 Hind I & ¥ %5 1k F 1 i
pBACC FUHL, 198 T Bi#6T 6 ™ B (Brkheg ), iER ACC B EF BB AR Z T8k
pBind37 1, 3 B 5 35S R FHI A MEMEEN .
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PCR product from cDNA

e
-]

pBluseripifl SK

pvull/Clal

Ligation

ACC aynthoie gene

L A Sa é

&
=

pBind37
binary vector

Sm/pvull H
BamHMi/Soll Xhal /Bgl
Ligation
oo pBACC
RB X o Sl LB
——{ neri >‘1 353 >J—< anti-ACC }-LUI—MOS >4—
P4 P2 P3 Pl P5

B 1 ACC& HUNEF Y sk R ik ik pBACC f iy gt
Fig.1 Cloning of ACC synthase gene and the construction of its antisense binary
vector pBACC
The abbreviations used for restriction endonucleases were:
A, Acc 13B, BamHI; C, Clal; E, EcoRI; EV, EcoRV; H, Hind [[ ; P, Pstl; Sa, Sacl; Sl, Sall;
Sm, Smal. The numbers of 1 ~ 5 with arrows indicate 5 primers and their direction in the

vector: ACCL, ACC2, ACC3, 35S and Nos 3” sequence respectively.
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2.3 EBHMEANEEREDHEE
W ARATHE S B EAEAF, 3E
BE A EHE, FH PCR HRER NI #E
BobRA SN ACC & B & F il A 0045
HE#E, BT ACC A HENZEE
Kk, &R A ZEFRFEHERE, &WE
LR R A RINFAA Primer
ACCl, Primer ACC2 8¢ 355 Al Nos - : e
Primer $J7R 47 80 th 82— B94F R PCR ™ pmo igh #6400 45 55 10 6k PCR Rl o 3K 15 1
W, BERIERF Y ). SR Fig.2 Electrophoresis of PCR products of regenerat-
HRRHET I A PE, & B =451 ed tomato plants
#  ACC3. S5 -TCTAACTCTTCCTC- M: Lkb DNA ladder, Lanes 3~ 10: PCR products from 8 dif-
CTCTTG-3", B ACC3 Ml Nos Primer % ferent trans!’onnefi plants; Lane 1:From pBACC as a positive
E’rl%iﬁﬂ' PCR J}ilﬁﬁ’]??{ﬂ%ﬁ E‘E (Fig. 2) control; Lane 2: From non-transflormed plant
PAFE LA Bk DNA BRI LA pBACC M4 A Fr 5 sh 38t 600bp &9 1 BL, T 3R £ ZE X
BRAT B AT 3 AT B, W00 R A B bR 1 (3 8 ~ 18 ) B HME ACC [ M.

HT BRAEFER X ACC & B EH AF M ROE T ES, WK R EHE DNA
HIT T Southern #238, &5 30 (W[ 3) & A HE BRI 4 #k DNA (1) EcoRI BR#G ™45 ACC &
F il A R B BT P 4 0.4kb, 3.5kb Bt R
T 12kb = JR 287, 1T AR e 2 1A 35 B
M =4 — % 3. 5kb HF, 6EH 3.5kb X —
ZHAEYI IR ACC & REERE 515
FHIRAEFEHE Y, T 0.4kb 5K T 12kb 4F
W4 B0 R B ACC EE S Hi Y 0.4kb
EcoRI J1 Bt R K& # 4> ACC #[H, NPT
0 2 EH #4140 4 6 0k DNA TE i
FEr. #EE M DNA 4 Xbal B82S
5 ACC BHFEH L= RHTHF(HE 3,
WiE D), BRSO TEWAERRT2MH
R B4R DNA, W 53 P 4 B 405 R

. M ACC Z:E A 9 FME ACC EH

3 T ACCEILIBE LARMAE DNA FEr. it R ISR X ACC

Fig.3 Southern blot analysis of genomic DNA from EHMERNCESAEMRAK L, W
tomato plant transformed with antisense ACC ~ H B RE —TEDNHIE A

synthase gene 2.4 ACC &HBEER Y RNA TR ERAF

Lane 1.DNA from transgenic plant Al-[-15(T2 progeny) di- .

gested with Xbal and hybridized with P labled ACC syn- FeEyRIA

thase gene probe as described in the text. j'l‘J T i&:%fl)‘{ ACC %E‘Em%lﬁ E’f?
Lane 2. As in lanel bur digested with EcoRI; Elﬂﬁﬁﬁ’#%%i R@%KE@}EH‘:E‘]

J.ane 3. DNA from control plant digested with EcaRI.
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RNA 1T T RT-PCR K H =¥ Southern blot 2435, 3[4 ACC1 3/ ACC & MBS & H &9
SURIESET, B UAEFIPTIE ACC mRNA RS2 868, AL EFEEHE D-
NA; X ERE RS ACCL BEEMIE ACC §REERFE M 5 I IEH3H, XEMER
M ACC & REHEEHE G 3 M A 514, HAE K ACC & B # R =40y Bk RNA 4
ALl e, R E A RNA B cDNA. B AT RUHEER IR ACC & ailE RNA
%7 RT-PCR 83T, #iEH X ¥ RNA FEEEEFE M ERE, RT-PCR & (WLHE)EE
T8, B A5 2 E & H RNA 4864 RT-PCR ¥ LAY 1.7%b BHE A B (E 4
A A), W BRI R BE (& 4 £ B). -

Bl 4 SHEEEE MR S RNA # RT-PCR 437

Fig.4 RT-PCR analysis of RNAs [rom transgenic tomato leaves
teft part of the picture is the electrophoresis pattern of the RT-PCR produets, while the right
part is the Scuthern blot analysis result pattern of the RT-PCR products on the left.
A.5pl of RT-PCR products of transgenic plant RNA; B. 5ul of RT-PCR products of nen-
transgenic control plant RNA;C. As in A, but withoul reverse transeriptase; 1. 1p] of RT-
PCR products of iransgenic plant RNA

RNA #5490 RNase #9 DNase 403 227 o BE 7 72 69 DNA 5 5% ; 2R I 5 5 R BR A
RT-PCR #5358 (1 4 /= C)IEB RNA #£ R #i%F DNA 754, X RT-PCR #3#17 South-
ern 35 (H 4 G), G REHM MR XFRE X RNA, FHR X ACC & Hiis B H
EFHFRKT EMFRENBREER MR L TR I AR 45 E
2.5 HEHFBHOZHER KRR

BARAMERREETHTHLERERNESREIRERREZFRERN EHE
B B 27% o £ 1000ppm IS FLLIE 10d S5 E N Bty 2 BB & th (0051
AR B R AR SRR R R AR PR R 45% A1 39% (LA 5), BBBELZRWSERTE
B(25~30C )& 4T, EREFREFE 7~ 10d HELAHABER, MEEFARTER
40d LL E{BARFFLAAK, HH 1000ppm 245 F 238 (1) $5 2 E R 10d FRIFEEH
e, HATEth FABART S E £ (MR E, LA S) TRER, FrolEE R Eqn
REEERZ EIEMELE, EAHACKALENEE THRERREZRER FERE
i (8], (TR ¥ H & i — 0Tk 60d, BEEFEM 60d A AW R L HMEH NIRRT
B, K5, BREESWE 10d ERHSBRMREL LA B ER (FEE), XWEREHBEF
FIREF LA P E HEE ACC I R F LRl B mE, NS EE R
TR BZM, REEFE T HF R AT,

3 F—RERE AR LTRSS AR I, L PCR SR S FHHE A48 4 EL SR S0 &R
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Ethylene production/pd-g~'-h ™t

D E

S5 HEXACCEHBEASENREERZBHBERKT
Fig.5 Ethylene production in fruits of transgenic romato
A, B and C represent the ethylene production of fruits from non-transformed, transformed, with empty vector and
transgenic tomato plants 10 days post ethylene treatment respectively. D and E represent the ehtylene production

of fruits from non-transformed and transgenic plants repectively, without ethylene treatment.

HIER R AR B R XL BHAREN 3% (R 1), B—%R 5 South-
ern blot 747 & PCR Rl 45 % — 5, #F—H1EH ACC R X EFE B EEIIFA,
1 HEEFHRET-AOHBEIN
Table 1 Genetic analysis of T1 progenies from a transgenic tomato plant

Number of PCR positive/ £ Plants with {ruits stored for more 2
Line No. P(1} P{1}
total plant numbers (3:1) than 60 days/total plant number (3:1)
A-1-1 74/105 1.15 (.25 33/45 0.067 0.75
CK 0/5 - - 0/12 - -

35 AF— R RN FA(T2) MBRETT PCR i R LW ERERAOMELRR
AR RN RREASAG R (PR, FRERFAG RN REH T KT
R BEFAREESTFHERESTHHHAERE ALK,

g £ x
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Cloning of ACC Synthase cDNA and Its Inhibition of Fruit
Ripening by Its Antisense RNA in Transgenic Tomato Plants

Liu Chuangyin' Tian Yingchuan® Shen Quanguang'! Jiang Hao®
JuRong' Yan Tian' Liu Cunde’ Mang Keqiang?®
( Institute of Botany, The Chinese Academy of Sciences, Beijing 100093 )"
{ Institute of Microbiology, The Chinese Academy of Sciences, Beijing 100080)%

Abstract A 1.7kb fragment of ACC synthase cDNA, one of the ACC synthase multigene family,
was amplified from total tomato cDNA through Polymerase Chain Reaction (PCR) and cloned. The
cloned ACC synthase gene was then inserted into a binary vector, pBin437, in an inverted orientation
between the CaMV 358 promoter and the Nos 37 termination sequence, to construct an expressing
vector. Transgenic tomato plants were obtained by Agrobacterium-mediated transformation of cotyle-
dons. PCR detection and Southern blot analysis confirmed the integration of the antisense ACC gene
in transformed tomato genome. The results from RT-PCR of RNAs isolated from transgenic tomato
leaves confirmed that antisense ACC RNA was synthesized in these transgenic plants. The amount of
ethylene released from transgenic tomato fruits was reduced significantly to about 30% of that re-
leased by non-transformed controls. The inhibition effect of antisense ACC RNA on fruit ripening
was observed in the transgenic plants and their progenies { T1). The shelflife of transgenic tomato
fruits was at least 60 days at room temperature without significant change in hardness and color. Up-
on 15~20days treatment of the transgenic fruits with ethylene, most of them could reach the ripe
stage, turning red as that of the controls. The antisense ACC synthase gene was inherited as a single
gene in the T1 progeny as determined by T1 progeny analysis, consistant with the results of Southern
blot analysis. Transgenic homozygotes showing prolonged shelflife have been selected by genetic anal-

ysis of T2 progenies.

Key words ACC (1-aminocyclopropane-1-carboxylate) synthase, gene, antisense RNA, transgenic

tomato plants
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