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WE: RHTIEKFERBENEN, AP E SR A 2%, DL ACC 55 (ACS) BB T HE R 524K, %) Double
Mariachi Pink V4545 ( Eustoma grandiflorum) B 7 AMERHAT T4k, G0 A 27 0O 0RE G G 5 5% 7 & 8RB
R Km(15 mg/L) FiAER I EERT 3 520 T 46 MRpidhly , Hd 11 #k2: GFP 3R PCR %@ NIHME, gib—4
i) GFP &K RT-PCR %52 ,3 #RRA N B, I H I 2 #k: CFP ZOGKIN R P, IREGOEIH AR RNA | iFE
SJE AT T ACS Y6 i PCR, 255, 5 R FE SN MR HL , S5 3E B VR ACS AR Rk P NI T
63. 17% ., {EMGITEERER  ACS TR RMAFE AL P AS B AL B L A5 L PR R BRAE K T 17 d,

KB . FEEAE; ACC &HE; RNA THL; 161
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Inhibition of ACC synthase gene expression in Eustoma grandiflorum using
RNA interference technology

ZHANG Qian, SUN Jing, LIAO Jing, CHEN Chong-shun
( College of Life Sciences, Nanjing Normal University / Jiangsu Key Laboratory of Biodiversity and Biotechnology, Nanjing 210023, China)

Abstract: To prolong the life of cut flower of Eustoma grandiflorum, leaf explants of Double Mariachi Pink were
transformed with the ACC synthase (ACS) gene interference expression vector by Agrobacterium tumefaciens-mediated meth-
od. Forty six resistant regenerated plantlets rooted in the culture medium containing kanamycin (15 mg/L), 11 of which
were identified as positive by PCR of GFP gene. RT-PCR revealed that, three plantlets were positive for expression, and
two of them were positive by GFP fluorescence detection. The ACS fluorescence quantitative PCR was performed after the
fluorescence-positive plant RNA was exiracted and the RNA was reversely transcribed. The results showed that the ACS rel-
ative expression in the transformed lines was decreased by an average of 63.17%, compared with the untransformed control.
The flowering time for the transformed plant was also markedly prolonged (17 days longer).

Key words: Fustoma grandiflorum; ACC synthase; RNA interference; flowering time
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FDIAEFEARS N 06 1 USRI 2 B0, PR A A 1
() IR BEE AL RN, FEARS R DIAEXS M3
TR, B T 3 WL, — RO 5 A 5~6 d'Y

Bl XF 2 DI RERIE G 2 MR, RIS T
FET7 AN 29756 5, 1 28 R 50 A S AL TR = 2 B
BCA AT IE B I . MR ACC Al (ACS) A&
SR W A R ) BB R, il 2 B R RO
5 BRI L I TR RN E B R T
B R, Kosugi %' & B E LS T R (AOIB) Al 1]
il ACS F1 ACC 84k (ACO) BYTEYE , NI H0 I 24
(A5 G, K BRE T 28 AR S . Nakajima 25177 ()
WFoTas R, S ACS S SCHRED] AT 4 w8 T
ZRAMBES) AR R A S AN O A i,
BRERAESES MR T RE A B AR RE5H B ACO &
K1) RNA $ﬁﬁﬁ1¢,§§%ﬂiﬁ5%nfﬁ% Northern
blotting 437 LA K Jif 0% 4 12X 96 25 SR AIF S 9 TR 3 PR i)
FIRZHN T I,

RNA T4t ( RNAi ) J& 4 P 6 P 5000 I 7k BURE
RNA (dsRNA) /3 A9 40 2 9 mRNA & A= 4 5 P %
i, FECISE P A F IR TTER, 7= A FH . A Ty i 28 AL Bk
el K BFSERL LA Double Mariachi Pink PEASAE o
I AR, FIH RNAL BOR | #EATPERS IR ACS JEP 1)
RNAi BIF5Y, DA = PERS AR )46 T i, B B A 8K
R E I B A R

1 ARSIk

1.1+

FTEPIRPRL 5502 30 d A2 47 Double Maria-
chi Pink VERSBEA 5 W T 2E T 2 ~ 3 Xt 5 A S
(%NS

EAREFN R, © 5 A T2 4& pCAMBIA1301-
GFP-( GUS+ACS) i-NPT I ( AR SE56 5 ARAF ) (AR AR
FFE Bk LBA4404') . pCAMBIA1301-GFP-( GUS+
ACS)i-NPT II Tk K2 14 000 bp, T-DNA [X £ k£
PRic &R NPT 1T TR 228 GFP i T ist AR e AL A
AL AT R I8 AR R P O R e iR, 41 137 bp 1Y
ACC AT R BEAL T 8L 7 8l F CaMV 35 S

WA ZE LR (NAA) 6-F & FEEM (6-BA) K
Sanland International Inc 2\ @] F2 §, £ Bt T 7 W
(AS) W H b T A TR ARARAF, FANE
F (Km) 24 BBL A H] 77 i, 1 A B 385 BHE A R

NHE] RN E R R (Cb) 4 Japan 3%, Bk b vy BE
K o3, Y A e s R A B IR 7] R
(Rif) }y Scigene 23 A 77 i, FHP) B ZH DNA \RNA
PRGN G AT DNA i [0 0] 65 0 T R o A8
Y1\ 7, DNA 43 T 5 bR 7. DL15000 DNA Marker .
dNTPs ,10x Buffer ,MgCl, . Tag DNA & B | 5 F5 5%
R &40 TaKaRa 28 w6 77 i, W T K% A Y2
H] ,Marker 3 I T AR AR EFHEA BRA 6, 208 7
WA &N Vazyme 288 7=, TS 90 H LA T4
Y TR ARNRSS A RAFA

1.2 FHik

12,1 RAFHHARGH & % pCAMBIAL301-
GFP-(GUS+ACS) i-NPT II UL B9 A% FT 18 5 14 7% 4%
1T 40 ml LB+50 mg/L Km +50 mg/L Rif Wi{&K; 53
Kt 28 °C 200 v/mindEFE 18 h 247, i 0D, 5%
0.8~1.0,4 000 r/minE.0> 5 min, JUEF A, HKE
TR 1/2MS(pH =5. 8) M AR K Fr L2 7 55 5%,
1/2MS AR B FR TR ZE 0D 294 0.5, I ALK
W R 100 mol/LEY ASH

1.2.2 wH&RHAFEAR ERUEREA R
At B SR =18 g R O R T
MS+6-BA 1.00 mg/Li%E 573 I, T 24 C GRS
THIREFE 3 U ISR A R B TR G B
JNEEFRIILA 18] 1% 35 0L o480 AR B i BT, IR T
AN B0 TR M 5 TR AR A 4 ik (R 2 10
min) HUH A E T R IEAR LR 2 2 R
A A CIRTEE = o R e B O Y I S L O N
F 4 d, ¥ A MS+1.00 mg/L 6-BA +30.00
mg/L Km +200. 00 mg/L Cb §;355E, F 24 «C LM
ST IR W AR ZEYI T % A O 28 3 5l 1 5% 5
MS+0.10 mg/L 6-BA +0.05 mg/L NAA + 30.00
mg/L Km +100. 00 mg/L Cb 7,30 d ¥t 1 s
EE SR AL TR IR 2 10,

1.2.3 ey ARk en BESER £k
R (BTt 2k 1, 6 AEAR S 3R 5L 1/2MS +0. 10
mg/L NAA +15.00 mg/L Km HEAR"

1.2.4 b PCR 4@ GFP FIH] DNA K7 &4
SIEEEHT Km 2B A 04 7 7 48 0 R 57 A0 P A A (X
HE) BYFE 4] DNA R PCR L4800 GFP, AR¥E
GFP(X83959) M IA~FF 4, it | XS54, =
51 ¥ GFP-P1; 5 -ATGGTGAGCAAGGGCGAGGA-
3", Fii#51% GFP-P2.5' -TTACTTGTACAGCTCGTC-
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CAT-3', DIJCH ddH,0 R7s XTI | R 56 R Y 7
FA% DNA Sk BH P %) R pCAMBIA1301-GFP-( GUS +
ACS)i-NPT I JFUR: R FH A% X BRI AR R 4. 94 °C
AR 3 min;94 °C7AEME: 40 5,53 C&E M50 5,72 C
FEAH 1 min, GR35 ¥, 72 °C #E{H 7 min,4 °CAfiE,
PCR HLIKG R & T 5 F%E JFid i uvp
MR R G R ENUR

1.2.5 3K RT-PCR 4l GFP A4 RNA
()4 BRI G P B RS A b 8 RNA, 1% Bl b
HEME F DK TN 5E e M FI ] TaKaRa 2 5% 512 5
BT RNA [R5 K453 801 ¢DNA F-20 CF
{#FE. RT-PCR 514 K4 Ha 414 1R) PCR Kl , 19355
W ERE I FEL VR

1.2.6 WKW GFP & Xt HATHBIA
pCAMBIA1301-GFP-( GUS+ACS) i-NPT II 1 748 A5
R TEEAMNE K (365 nm) BETR T, & k5,
FIHZRR S K RT-PCR A 52 BH 4 i 7 3 [ 50 4
R TR A B DR ) 39 A A e A e, T e 58 AT
HRG, UG

1.2.7 SEF3% B2 % PCR 4 ACS & B 6 R ik
FIHIAEY RNA B 520 & 82 GFP 5% PRV AR
TR R A 2 TR G A TP B RN, 1% B0 i A 058 e v
VIR I 5 B, AR AR T4 404K pCAMBIA1301-
GFP-( GUS+ACS)i-NPT 11 T ACS 3R (4557 JF 51
Wit 1 XRS5 LES 9. ACSi-P1.5'-CACGT-
TCGCTCCAAGCTG-3', I i 51 ). ACSi-P2. 5'-GT-
TACCAGTGGCGTTGCTG-3", F| i TaKaRa JZ #% 5 i
B HAT RNA BYREE 5% 15 3HY ¢DNA T-20 °C
TERLE . LA cDNA AR AR PG EARE AR Actin FEH P
WNZ5|Y) ACT-F.5'-CCCATGCAATTCTTCGTCTA-
3"F1 ACT-R:5'-TTGCCATACAAATCCTTCCT-3', #t47
26 1 PCR R, J2 WK R &% AceQ QPCR
SYBR Green Master Mix 5.0 pl,cDNA 2.0 ul, 10
pmol/L = FHE5I ¥4 0.2 pl, 47K & AT 10.0
wlo FUNFERFEN 95 °C 5 min;95 °C 105,60 °C 60 s,
40 MIFER IR 3 AN EE A 2RI E
F R B A ek

1.2.8 AR EHRM G BRARLHR
it BEERTE 4 B DR AR R BSR4
A2 15, S fE (25 1) CL Ot BE 60
pmol/ (m® - s) JEJHM 16 h/8 h JZJE H70% ~ 80%
PRI E AT S HAE R SR A TE R K

AR FREEL 1 em B 3 d. BURZLEE R IO K
PR, B AR 2 20 v IR K B AL B R A R I (
bl + : Yt s WA =54 1 B T, AR
TR, 4K 30 d JRGETTH S i s A,

2 RS0

2.1 HUEERY AR IEG N

TS A AR XS Km A Y U 20 35 1 4 45 3]
15 mg/L Km 2B AR$E IR ADERE] Km XA
WA B BRI RIER] . A Tk n 851, i
THRRH PAHT Km @YX Km A — € IPLHE,
B LA AR TE S Km BB FRIE AR RAF R 2 I
Km §ii 8 J5 BT A3 65 PRBTTE B 5 A% 31 A A % 1
FrAkr 30 d WS AE RSO0, A 19 PRV B A RE
AR ATHAZEM IR RE ARG S A 2R B O T B A B
(B1) B JathiZmst, gak Mk, 1155 46
RIE W A AR BTIERT AR 70. 8% .

A B: %4 Km Fii i /5 AREAARMPIIER ; C D2 £ Km Fi L5 E2E
HRBPTER

B 1 Km#itEd

Fig.1 Km-resistant plantlets

2.2 #i%E PCR #&i0ll GFP

XF 46 BRAMBPTPE T PCR A, DA 11 A4~
U Km FERSHERE R P 1 oFP B 19 R BE (700
bp) , 5Bk DNA § 34 H (09 - BE R/ INVETA], S BHAE
PRZR . PCR 473 FHVE T i AEARBUPE B B9 23.9%, M
X REAEEASBED 1S HAH R RS R B (L 2) . HE it
AT HIWT  ACS ZE T4 BLE i A 11 AT A
7
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PCR A6 HBEUE W e AL A PR A7 72 A IR A 5
P BL, ML T PCR 973+ 70 R, A 2 3

M 1 2 3 4 5 6 7 8

4500 bp

3000 bp
2000 bp

1 200 bp
800 bp
500 bp

200 bp

ECBEYE , Br A IR 2 75 5 b Bl T 38 75 22 — 20 i
RT-PCR 4347

10 11

12 13 14 15 16 17 18 19 20

M : 73T EE bR iE Marker 3;51: %5 0T B 2 BAMEXS HE 3 0 BEAPEXS B 4~ 20 AR ARPLIER
B2 #HiEEr PCR &N (E9)
Fig.2 PCR identification of resistant plantlets

2.3 HMEA RT-PCR ¥ I2 LT

Ak T I 3 1& pCAMBIA1301-GFP-( GUS +
ACS)i — NPT II TEREAS L RNA R RR S 3 s
cDNA, UL GFP (519 4T PCR ¥ 3%, 255 3
R, EEER 11 Bk PCR TR R, A 3 bk
Bt 700 bp K/INE T S S BH M 0 % 5 DR A
PR, EERAWIE R I GFP B4 S A TR 15 8] %
ik, (B 8 KRB T 1Y WU 2547, S B 1
FEPRRE MR , ARG 5 ERTTRR

M1 2 3 4 5 6 7 8

9 10 11 12 13

4500 bp
3000 bp
2000 bp

1 200 bp
800 bp
500 bp

200 bp

M. 43T bR iE Marker 35125 FAXF IR (7K) 52 BAPEXS B (AR 55 3
PP AE ) 3~ 13, PCR 22 FHM: A RS AR AR

3 PCR ZPEMHFH51ER GFP RT-PCR #ill

Fig.3 RT-PCR analysis of GFP

2.4 HUMEER GFP RAME

3 ¥k RT-PCR £ FHPEAE PR 455 20 22 4T B 55
T AR AR MR AR A S (Lt 4, Hor 2
PR IIZOE (B 4B 4C) 1 BRI BLZEOE (K 4D)

KW GFP n] DIAEFE I IR FERS B Jr rh ik

A RFE I I PERSREABLAR ; B L C B BE I 1 VRS MABL R GFP 3

FiE ;D LN M TERSREAE R GFP BRI R R %

B4 HEREREELE 365 nm ZIME TR KNI

Fig.4 The transgenic Eustoma grandiflorum ( with GFP) under
UV-light at 365 nm

2.5 SR NEERE PCR & ACS ERHIRIE

P ER PCR 4558 (K 5) B/~ ,2 #REL I
FEAS M  ACS 1) 3R 8 AR T R EE L I A A, B
RIEAR 57.27% , C BRBEAR 69. 07% , F-3¥ R FE T
63.17% , W ACS THIEFFEFERS T d & 2
ik,
2.6 HERAEENEH

g A Bt e IR R Bt DR VA A A 2L 5 1 R i
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K L
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< 02r
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PERE R

A B IR R ORI IEDIPERG WA IR ) 5 B L C o B I PR PERS AR R
5 ACS BERERENRIEE
Fig.5 Relative expression of ACS gene in E. grandiflorum

FFAR,30 d JGREAR I 4 A FEIL R RS AR T A 3
PRALHE , B AR B A0 B IG 2R 3K 75. 0% , Hod 1 AR FFAE,
HIRACIAEII N 10 d, 3 #REFE LRSI P A 2 4
B B AR I RLTE Fak 66. 7% , Horb 1 BRI AE, B
AACIIAEI R 27 d(E6)

A AR RL IR PERE AR B 5 ACS TSRS 2R Bt
6 L ACS THERFBEHEHNFEBER
Fig.6 The blossom of the plantlets transformed with ACS-in-

terfering gene

3 17 i

TS AL, B BEDAARL R (9 A6 D00 A 4 A
TR RIA ARG R IR IS T T A S UK Y
TSRS , R AT PR A R A AL IR o PR 6
RIWD TAR, BRSO, th IR A ik
9 J R S A =5 I - — S A MR AP AR MG A 2
JRFR AR5 AR 15 IR B TR A4 i s R R R S
PR EORIR , SUSR AL A o 200 s = 25 fk
PREGICHE= W 577 T ARFRAL IR, AR T A PR 20 g
TE—EREEE b Al LA 32 R HE

Fi5e 514 PCR AN HAT SO R SRR AT P
AR AL 2 e e DA R A I F) B TS H AR, DR X
FRAL T HEATHI 20 2 5E | 6 /Nt — A0 i 0 RGN P 3

Fil, {HHF PCR A5y 1 ) Fes Rk, 5 AR
FHPEFRMB A MES . 25 PCR 9 584 5 9 11 Bk FH
PEFLAERE AR, RT-PCR IESE 8RR B BH P, 48 I
I (1) T-DNA iE A0 5 FF 3% A 38 4 31 52 R 3
PR b T LA B RS A AR, 30 PCR R 45 4R 2
BHPERC R 5 (2) FESE R BARINMA R T HEHR,
{EARHT B FR AL TR A T AR SO, RAF B Y
FEAE ST & I ok A T R IR 3 bR i 5
K NPT 1T Thiffi AN A b 77 28 ) BBl R 33 3 v R I8
B F AR, DT R AR T BT 1 0 55 28 0 1B 1Y)
SR X2 R L (3) M IR A 22 L
Ui VAR B A DR R R 2E
AL e w O T AR K SO SR R
i A AR IR ZE LR R R TRk

RT-PCR 4% A [ 3 2 vk, mT DRI 4 20 i 3
DR FEL W 600 2H U0 AS ]3RS 2 AR TR B 3k R A T S
IS BRI T RT-PCR K 7 325 16 s R R A
H R AR R Tz P 5 RRE AR 3 R
£ Northern blot A1 H, RT-PCR ELA i f BRAE A1
R, ARWFSE RT-PCR R4l SR e 3 ASkk & B SN
R E LA BIEAS A I AL | IR 7R TR A 41 20
(el

PGB T PCR 4 A 7 200 it 35 R 26 308 19 28 R A
TN PR 278 43T 2 A5 TR 3R 32 SR
PCR AR, 207 ¥ Tl PR | i, ek 1
ARSI 2 A A7 A B 75 e FAS R v 52 e Y
B, AR A FIZ AR T L AR ACS
FEIR AR X ik i, 45 SRIE R RNA T80T LA &
ACS UUERZLR , (145 ACS ik A,

RNAi F| XU RNA A9 51 {5 B 20 RNA
T E A RRE R E 19 mRNA | 3 H B X5 45 5 30
i RNA A7 [RIE I 1 S RRAVE T, X —HARTE BN
VRSEPRITOBR 1A 4 o JE R e S S A SR A X —
FOR X AE Yy R B L AF AT R, AR AR A DR
B, RNAL HARS % HUE o E, 00 #pE AL
FEIAE T HRAEIL DR (14 70 B R 2 AR R ok 1, X
FA 2 R A ekt B a4 ) Lin 2507 LA
ghsAD-1 F ghsAD-2 £ 2y H A%, FI IR SC RNA Fl
SAEE RNA AR 535 e AL A Coker315 52
PTGS il HFRFER B T AR AL R i AR R 55 7h
PR A EA] RIS 45 SE A, R RNAG 375 & 3 R DL
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