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Abstract: Based on the previous transcriptome sequencing results of cultivar ‘ Navaho’ of blackberry
(Rubus spp.) fruits, two 1-aminocyclopropane-1-carboxylic acid oxidase ( ACO) genes were cloned via
reverse transcription PCR and named as RuACOla and RuACO1b. The results show that the open reading
frames (ORFs) of RuACOla and RuACOI1b are 939 and 918 bp, respectively, and contain 4 and 3
exons, respectively. The phylogenetic analysis result shows that RuACOla and RuACO1b both have close
relationships with ACO1 proteins from Rosa chinensis Jacq., Argentina anserina ( Linn.) Rydb., and
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Fragaria vesca Linn., and they belong to two categories of ACO1 proteins of Rosaceae plants. RuACOla
responds to ethephon induction at 28 d after fruit coloring, its relative expression increases sharply, while
RuACO1b responds to ethephon induction at 21 d after fruit coloring, which is earlier than RuACOla.
After abscisic acid treatment, the relative expression of RuACOIa and RuACO1b is higher at 14 and 28 d
after fruit coloring. RuACOla and RuACO1b exhibit tissue-specific expression patterns, and the relative
expression of RuACOla is relatively high in young fruits, flower buds, and flowers, while those of
RuACO1b are relatively high in young fruits and young roots. Compared with the wild type, transgenic
Arabidopsis thaliana ( Linn.) Heynh. plants overexpressing RuACOla and RuACOIb exhibit increased
chlorophyll relative content and nitrogen content in leaves, flowering and silique maturation in advance,
and increased ACO content. In conclusion, both RuACOla and RuACO1b genes from blackberry promote

the early maturation of A. thaliana siliques.

Key words: blackberry ( Rubus spp.); 1-aminocyclopropane-1-carboxylic acid oxidase ( ACO) ; fruit
ripening ; ethylene; abscisic acid; cloning; functional identification
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98 CA-: 10 s .55 CIE k5 .72 CHEfH 15 5,35 Ik
B3 ;72 CHEA# 3 min, PCR #3724 2 it i AR By
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Table 1 Primer sequences used for cloning and functional identification of ACOI genes from blackberry ( Rubus spp.)

5% Primer JFH1(5'—3") D Sequence (5'—3") 1V

& Application

cDNA Fl gDNA K53 Full-length
amplification of ¢cDNA and gDNA

TG E 5 PCR Real-time
fluorescence quantitative PCR

BRARFYEE Vector construction

RuACOla-F ATGGAGAATTTCCCGGTTGTGA

RuACOla—R AACAGTTGCAATGGATTCCATG

RuACO1b-F ATGGAGATCCCTGTGATCGACTTT

RuACOIb—-R GGTAAGGAAACCATTGTTCCCACT

RuACOla—qF ATCTGTCCAGCACCAGCAATG

RuACOla—qR CCTCGGCTCCTTGGCTTGAA

RuACO1b-qF TGTGAGAGGACTTCGAGAGCAT

RuACOI1b-qR GGTGTTGTTCTTGGATGGTGGA

Actin—qF AGGCCGTTCTTTCGCTGT

Actin—qR GCCAGGTCCAAACGAAGGA

AtUBC-F CTGCGACTCAGGGAATCTTCTAA

AtUBC-R TTGTGCCATTGAATTGAACCC

RuACOla-Z7ZF CATTTCATTTGGAGAGGACAGGGTACCATGGAGAATTTCCCGGTTGTGA
RuACOla-7ZR CGCATATCTCATTAAAGCAGGGAATTCAACAGTTGCAATGGATTCCATG
RuACO1b-7F CATTTCATTTGGAGAGGACAGCCCGGGATGGAGATCCCTGTGATCGACTTT
RuACOI1b-ZR CGCATATCTCATTAAAGCAGGACTAGTGGTAAGGAAACCATTGTTCCCACT

DR RILE/REELI7 15 The underlines indicate restriction enzyme cutting sites.

pbil. ibep. fr/cgi-bin/npsa _ automat. pl? page = npsa _
sopma. html ) T &5 (i — 9% 45 44, A F SWISS -
MODEL 7£2E T. B ( https : // swissmodel. expasy. org ) 4
A BT e R MEGA 7.0 #0F R 4R 4%
IEAEAEY) ACO & H R GRS, Bootstrap H A2 5
1 000 %%,

1.2.3 A BEEx&ZaH  FIH qRT-PCR 519
RuACOla - qF ., RuACOla — qR. RuACOI1b — qF HI
RuACOIla—qR(F 1) ¥4 U545 31 cDNA ffi 1] GS
AntiQ qPCR SYBR Green Fast Mix( Universal ) (b 574>
UARHEA A A 24T qRT-PCR, S AA R &
A 20.0 pL, f175 2xGS AntiQ qPCR SYBR Green
Fast Mix ( Universal ) 10.0 L. FJi#Fl1 T 51 9 %%
0.4 wL cDNA #i4i 1.0 pL ddH,0 8.2 wL, JZ hyf&
J¥:95 CAEME 30 5,95 CiR K 10 5,60 °CLEMH 30 5,45
A, BARER 3 WAL R 20 358
FERAIXS ik &, WS HEL N Actin ( GenBank % 5% 5
HQ439556) )

1.2.4 ARG REIBRMER D HFEHEHL R
it RUACOIa FEIF ORF X351 3 4 B Y17 81 Kpn
[ #1 EcoR 1 (i i Rk MR E A 5|9 RuACOla-ZF
M RuACOla-ZR (3R 1) ,iR3E RuACO1b FE[H ORF X
WIS ABYUINLN Sma 1 Fl Spe 1 F3 & Fak A
VL4519 RUACOIb=ZF FI RuACOIb-ZR (& 1) A
i ORF Wismiseit b R iFs 19, IR E5 M) 5”3 73 5l

b 554 b R AR A i A W) 9 K BE 21 bp 19
Wk PCR ¥ 34 v B 15 2 % A B 48 RudACOla
RuACO1b B:PH ORF X S8\ Bt i ik XUl U] B i 452
FLIE, A IE 43 A2 p35SGK AT B # M, 78
ARG HE 8 UG AT AR % 8 A H B9 EE K PCR £
W, PCR AR N 2 AR AR A 1,217, PR
PESEREIY . 51404 B 4100 34 i R o SR
AR A BR A 7 58 B

PP PE TR W (OD fH 1.0) A/ T 50 mL &
50 mg - L' RAREZ A1 100 mg - L' FI4EFAHY LB ]
R¥EFREED T4 °C 6 000 1t - min ' Z.0 5 min, R
FAEEINA 50 mL BT AR 3 ER 5% TRV TR R
PR, PRGN 40 pL AR 7348 0.02% Silwet L—-77
RYAUNRITALST | PP B OB R+,
1.2.5 #HARAMBHFGIRIER R B o K
B SR SF R FD T 35 mg - L' RIBEZE AT MS
BrFedk AR IR AR RN LY 500 kA1, S8 B i
PR [ BH A T % A 8 = (S i A R 80 4 )
100%) . HLRERD 3 DEEFRIL, I 3 RER , ikls
2 T, FCBHMEAG R, 3 A 5 Bk 2 U ok 1 -8 A (IR
Hb2 0 1) IRA b AR K 2 R, R R 7, XF T,
RAEMRR W H LT qRT-PCR BIE, NS 3L
M AtUBC ( GenBank % 55 AT5g25760) "' | qRT -
PCR 9 ) AR & RO R 7 A3 i R < 1.2.37
R SRS R A = 1Y 3 MR R AT T, AR
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B3R AR R RE 9 AN MR, B KIS0 SR AL
FFA A BEBOR/INEEA — B AE  Fr 6 AL,
T TYS-A M2 3R 5 5 e {) (BT s A 2 A R
3] ) T I i S R AR i AL o, R A
HZE 1RG5 RBCFME, MRBEREER T,
PRZFFHREFILE MS 555755 b S AE AR FIAR R A
FEB 8 R RSB 1 mm) I 6 BRAR PR A9 B K AR
KO EERBOP A, T, bR R 1 -2
IR E—1 -2 2 S A Tl 5 < R I i R 5 £ 43 ol il
Y 1 -2 EEIR N bE - 1 -2 R A fL 1 ( ACO ) ELISA i
P& (IS AR BR A ) AR YR i 7%
R (ABA) ELISA Al 58) & ( i e L Rl B A
R F]) ME B da s S E 3 IR,

1.2.6 #EFREELRMHARGER LA XIT,
R HEIRR 2R TESS IERII 43 | HE X 3 AR H AR —
KRR , BERR 2 B 50 mL 200 mg - L' Z % F
F1200 mg « L7 JBi 7% iR, P A= T80 R Ik PR R 2R 1) %) R
AHATATATAL B, ZE3R 15 d J5 Fdsff s s i, xoF
H B FE R k18 S E 1T qRT-PCR 4047, qRT-PCR
MR R RN AR P R vk R < 1.2.37

1.3 HEHH

FIH EXCEL 2010 F1 SPSS 25.0 #4445 i1 kb 3
SEBGHEE , W R R T 22 00T (one-way ANOVA) Al
Duncan’s #7 & W 22 1 X5 B08s 3 17 0 2 PR b,
Origin 2022 L QLEZYE I

2 HRAHA

2.1 RuACOla 1 RuACOIb EEFF T4

D) HA%S ¢ Navaho SR52 cDNA NHEAR ST PCR §°
193 2 L HM AR A 5 I A B/ —3(E
1-A) JBeix 2 A FEH 435 45 A RuACOla( GenBank
B35 PP234671) Fl RuACOIb ( GenBank & % 5
PP234673) , RuACOIa F¥HIEHER BE A 939 bp,
fih 312 AN KRR ; RuACO1b FT Jif ] B2 HE 4 F hy 918
bp, 4% 305 PRI, LIFEF 4] DNA (gDNA) A
M3 HA15 S B gDNA 4 K851 (& 1-B) , 3 1445
Ff RuACOIa gDNA TP BER1 431 bp, &4 4 4
AT 3 AN AT RuACOTb 1Y gDNA R EE Hy
1093 bp, &4 3 MM 2 MHEF (K 1-C)

A C RuACOla
5 L L L ! L ) 3
0 200 400 600 800 1 000 1200 1400 1600
2 000 bp RuACOIb
1 000 bp —_— —_— 3
500 bp 5, ; . . . . )
0 200 400 600 800 1 000 1200

M: DL2000 DNA marker;

M: DL10000 DNA marker;
1: RuACOla; 2: RuACOI1b. 1: RuACOla;2: RuACOIb.

AFIRFF51/op  Nucleotide sequence
: AMEFExon; — : P& Flntron.

A,B. PCR P P ) H Tk 4 SR Electrophoresis results of PCR amplification products: A. ¢cDNA; B. FEH4 DNA Genomic DNA. C. L[4 DNA 2514

Genomic DNA structure.

1 2% RuACOla 71 RuACO1b HITERETIE F 1 DNA 444
Fig. 1 Cloning and genomic DNA structure of RuACOla and RuACOI1b from blackberry ( Rubus spp.)

¥ RuACOIa F1 RuACOIb FT i 1] 2 HE B 3% il &
IR Y, 5% iR A 6 MY ACO1 B H 1Y & 3
BRIy 0 F A7 60 7 80 be ok, g5 R (D 2) B
RuACOla I RuACO1b 5 ¥ #5 R HAl 6 R ACO1
B EA B W R R, o RuACOla 5 H 2
RcACO1-1( GenBank % 5% 5 XP_024198834.1) A —
Pk 35 94. 23%, RuACOlb 5 H & ReACOl - 2
(GenBank % 5% 5 XP _024178305.1) ) — £ M ik
93.77% ., RuACOla #l RuACO1b BIFETE 8 P ACO &
FE PR A5, 3390 0K B/ O A0 I R S 284 X

AU G B B AR I PRSP TR AR 3 |

FIFH NCBI FEZR T H X8 (25 A AT 40 #T
ZE 5L 75 RuACOla F1 RuUACO1b ¥ &4 1 AMEST 4
M3, 43 %124 PLN02299 1 PLN02403
2.2 RuACOla #1 RuACOl1b RIIE{L R R &
T

R 1 5 AP B S 45 SR R B . RuACO1a 1) 3
WA T BN 35 470.64, FRISS5EHL 25 K pl 5.23,
H 20 ﬁnﬁ%@iéﬂ&’ a1 H Cissa Hago Nais Oa Syo
BRaE FKEE . RuACO1b AYBES AT 23 1
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QE. VRGLRE 214
ePELVRGLREHIDAGG | | LLBQDDEVEGLE 214

PmACOI-1 (XP_008224728.1) VILIL{pURITRITENTRS EKETEKISAYPK EREEATRATES TVNLDPVATV 318
PdACO1-1 (XP_034211743.1) \N‘G)QLEVITNGKYKSWIH?VI p EKETENISAYPK E'ESTVNLDPVATV 318
PaACOI-1 (XP_021823230.1) VIELEhUEIIRNEREEVIERYIA I EKETEKISAYPK E'ESTVNLDPVATV 318
FvACO1-1 (XP_004293334.1) ViQILepHRIRINERESVIRYE DA EKQTEECPTYPK RFE”MK‘ —————— 312
AaACOl1-1 (XP_050367363.1) G. YDA EQQTEECTTYPK M Aorr el ——1ATV 312
RcACOI-1 (XP_024198834.1) ‘R/SIASFYNP DA EKQTEECPTYPKHVE RFE”MK» ES —I1ATV 312
RuACOla (WVR21820.1) G‘R/S,ASFYNP bDA EKQTEACSTYPKi RFEaMK.M 312
FvACO1-2 (XP_004287539.1) GERLS| ATFYNPLEDA \EPAPLL D G'NGNN——GFHT— 305
AaACOI1-2 (XP_050372212.1) GERLSI ATFYNPLYeDAN | F\PAPL L} D G'NGSN——GFYA— 305
RcACOI1-2 (XP_024178305.1) FQTeplNaVRSNEESTIIRYN GSRLSI ATFYNPLYeDAR | D G'NGNN——GFHT— 308
RuACOI1b (WVR21822.1) GERLSIATFYNPXeDAT | SD| G'SGNN——GFLT— 305
PmACOI1-2 (XP_008242414.1) FICHOUSTISNERTE GER|IS1 ATFYNPRIEDAL | SD, RFEEMKif A— —— 300
PaACOI1-2 (XP_021807092.1) FQNIepOARSIERTE GER LS| ATFYNPLEDA( I SD| RFEEMKi\ AQ — 301
PdACO1-2 (XP_034226304.1) FLIicpeV[SVRSTETES GER|IS) ATFYNPIYEDA]] I SD| RFE!MK-\ A—————— 300

Pm: # Prunus mume Siebold et Zucc.; Pd: Ji#k Prunus dulcis (Mill.) D. A. Webb; Pa: KXUNEIHEBK Prunus avium (Linn.) Linn.; Fv. Y B A Fragaria

vesca Linn.; Aa; BRI Argentina anserina (Linn.) Rydb.; Re: HZ® Rosa chinensis Jacq.; Ru:

P

%F Rubus spp. 55 H 45K GenBank % 5% 5 Nos. in

the brackets are accession numbers in GenBank. £ L HE/R ACO 5 47 P57 25 The red boxes indicate the active sites of ACO proteins.

[ 2

E% RuACOla 1 RuACO1b 5EH R H M 6 #iE4 ACO1 EAMNKEEF 5tk 3

Fig. 2 Amino acid sequence alignment between RuACOla and RuACO1b from blackberry ( Rubus spp.) and ACO1 proteins from
other six plants in Rosaceae
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TREER TN ZE F (B 3-A) B8 : RuACOla
o BT (5 42.95%, B ¥ ff N 6.09%,TC HL 4 il
32.69% , %t {1 4% 5 18.27% ; RuACO1b 1 o B2 JiE 5
39.02% ,8 5 i i 6.23% , LA M 5 35.419% , 4Efif
55 19.34%,

K H SWISS-MODEL [A] J5 45553 51 % RuACO1a
F1 RuACO1b 2 17 AR AL P A7 43 7, 25 2R W7
RuACOla Fl RuACO1b 5l I+ ACO2(5gja.1.A) 5
RUBY TR R M g5 =, DA% B B Ol AR, 43 ) R
RuACOla 1 RuACOlb 1) = 4EBIAI (K 3-B),
RuACOla S5#IEIT ACO2(5gja.1.A) HERIf{ 7 35 5N
96% ,— Mk A 54%, 4= Bk P B R R AL I E
(GMQE) 4 0.88 , B i 15 4% /55 ; RuACO1b 5 I
ACO2(5gja. 1. A) BRI 3 55 K 96% , — B K
45% ,GMQE {H 0.83 , BRI Fi i 5 5 . RuACOla F

A
RuACO e i T T T bttt
0 50 100 150 200 250 300
RuACO1 b Yl Tkttt
0 50 100 150 200 250 300
FHRIRIE Amino acid position
;. oliE a-helix; . BiESA p-turn;
—: JoRAEH Random coil; — : #EAEE Extended strand.
B
RuACOla T RuACOl1b
ol i Random coil JHE
o-helix

Random coil

A
Extended strand

Bef

f-turn

{5
Extended strand

B

f-turn

B 3 2% RuACOla #1 RuACO1b B ZHZEHITN (A ) F1 = 4R
HE(B)

Fig. 3 Secondary structure prediction (A) and three-dimensional
model construction (B) of RuACO1la and RuACO1b from blackberry
( Rubus spp.)
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PmACO1-1(XM_008226506) 4§ Prunus mume
PpACO1-1(XM_007211581) 8k Prunus persica
PAACOI1-1 (XM_034355852) fit Bk Prunus dulcis
PaACOI1-1 (XM_021967538) WK EVERk Prunus avium
PpACO2 (AB044712) #k Prunus persica

PAACO2 (AJ890087) RK#Z= Prunus domestica

® RuACOla (WVR21820) 2% Rubus spp.
RcACOI1-1(XM_024343066) HZ= Rosa chinensis
AaACO1-1(XM_050511406) ik Argentina anserina
FVACOI1-1 (XM_004293286) B #%} Fragaria vesca I
FaACOI1-1 (BK010988) ®i%} Fragaria x ananassa
MpACO2 (NM_001404981) 35 Malus pumila

MsACO2 (XM_050292949) FMER Malus sylvestris
PbACO2 (XM_009357643) (1%L Pyrus bretschneideri
PpACO1 (JN807390) Y34 Pyrus pyrifolia

PbACOI1-1 (AB265797) (13 Pyrus bretschneideri
PcACOI1 (AJ504857) P42 Pyrus communis

RSACO1 (XM_058350656) #tHY Rhododendron simsii
CeACO1 (XM_027320093) Coffea eugenioides

JrACO1 (XM_018962606) 118k Juglans regia

CIiACO1 (XM_043118985) S LLiiZ#k Carya illinoinensis
CaACO1 (XM_059576158) Ek#E Corylus avellana
VVACO3 (JX446623) Hi4i Vitis vinifera

QrACO1 (XM_050414297) X ¥k Quercus robur

DzACO1 (XM_022876383) itk Durio zibethinus
FvACO1-2 (XM_004287491) ¥F#i4%; Fragaria vesca
AaACO1-2 (XM_050516255) Ji#k Argentina anserina
RcACO1-2 (XM_024322537) HZ= Rosa chinensis I
@ RUACO1b (WVR21822) 245 Rubus spp.

MpACO1 (XM_008339460) 35 Malus pumila
MsACO1 (XM_050272424) FRMER Malus sylvestris
PbACO1-2 (XM_009354360) (1%L Pyrus bretschneideri
PpACO1-2 (XM _007202305) Bk Prunus persica
PaACO1-2 (XM_021951400) BRIMEHPERE Prunus avium
PdACO1-2 (XM_034370413) Bk Prunus dulcis
PmACO1-2 (XM_008244192) ff Prunus mume
MnACO1 (XM_010091729) J1| 5k Morus notabilis
EgACO1 (XM_010049281) ‘K% Eucalyptus grandis m
MeACO2 (AY973618) A% Manihot esculenta
RicACOI1 (XM_002514098) Bk Ricinus communis

O EBEACEE A RS S5 The values on the branches represent the bootstrap value. 455 FF4i 5 4 GenBank %55 Nos. in the brackets are accession

numbers in GenBank.

El 4 2% RuACOla 71 RuACO1b 5 Efth 26 ##E# ACO1 EB KRG LK
Fig. 4 Phylogenetic tree of RuACO1la and RuACO1b from blackberry ( Rubus spp.) and ACO1 proteins from other 26 plants
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Fig. 5 Expression patterns of RuACOla and RuACOIb during fruit developmental process of blackberry ( Rubus spp.) after
ethephon and abscisic acid treatments
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Fig. 6 Expression patterns of RuACOla and RuACOIb in different
tissues of blackberry ( Rubus spp.)

AR PR RS R, BE S TERGE
(4R A ZE Rt ), Horb, RuACO1a TE A6 B AH
X RIA i, HUOE SR TEALE Th A X 3 55
DRSS 3, AELNAR o A ZE RO v i R X 2 3k Y
AR H I W 22 5 RuACOTD TE 4R Fr A X 26 ik
e, HUOR SR TEAETE A o3RS R i 3R
IR H TR EZES .
2.5 RuACOla 1 RuACOIb B EF T LEEM
KBS

RuACO1a T RuACO1b %% LIRS I BH P 1 A 2
MKMW E 7, it f % RuACOla
RuACO1b 56 FE 4 m IF T, fUBHYE 1, RuACOla Al
RuACOIb ) % Ak 32 43 il 3K 3 0.9% F1 1. 0%, Xf
RuACOIa 1 RuACOIb ¥ IE R AR ST T, 48 FH P 1 i
— B, 43 A5 3 RuACOla F1 RuACOIb FHXT ik
w3 RR, 40 A2 A6 AT PR &R S B14 |
B18 B20 #% % . % RuACOla F1 RuACOIb FXF 33k
iR I AT FB14 AR R R HET R R S5 R B
7~ : A7 FB14 2 MRFR T, A4 o 13405 85 A4 g
B 225 i AR 3 (P<0.05) & THF A R

A2 A6 A7 Bl4 BI18 B20 6 ¥k &R By#B 41 K
A HFEAR UL 26 2, 31X 6 AR R I R o i 4 A T
TEMASEY & TE AR, Hrh A2 A6, B14 Fl
BIS BRARM H M- Z X S RMA S EEER T
B SE AR UM O, A2 (A6 FT AT BR R AL
PEHT 5~6 d, MR AU ERRT 10~ 11 d;B14 B18 Al




22 N7/ I AR SRS A 5533 &

160 000

A RuACOla - RuACOla c RuACOla a
< 140 000 I
120 000 -
100 000
b
2 o 800001 &
4
60 000
40 000
c
20 000 i
i d
- ‘q‘, is 5 1 1 1 ]
= 0 WT A2 A6 A7
AT
. 7000F o iia
vk - pecey 7 RuACO1b RuACO1b
: : 6 000F
5000
2 b
4000 7 b
3 000F l
JY—
o . . . '
WT BI4 BIS B20
AT
or
. 5 st 2 a
S
2q 00 l I
g I
g ok
g
E°T
% 4r
=
i
W
= 2[
EX
g
= Ir
=
0 X L '
WT A7 Bl4

AT

WT. BRI Wild type; A2,A6,A7: RuACOIa $EFERIURIT (AT) ¥k & RuACOla-transgenic lines of Arabidopsis thaliana (Linn.) Heynh. (AT) ; B14,
B18,B20: RuACO1b $5FLF ARG IFAK 22 RuACO1b-transgenic lines of A. thaliana. RE . X} 31k & Relative expression. [W]—H I EHARFR/NEG FH:#
R [EJ?D\F%'&’],/TT‘PM*“L@%E‘ﬂ%(P<O 05) Different lowercases in the same bar graph indicate the significant ( P<0.05) differences between different
materials of A. thaliana.

A: RuACOla I RuACO1b % 3 A8/ I+ T, AR PH I 1 97 3£ Screening of T, generation positive seedlings of RuACOla- and RuACOIb-transgenic A.
thaliana; B: RuACOla Fl RuACOI1b TS B T T, AR BHAE T A2 KA W Growth status of T, generation positive seedlings of RuACOla- and RuACO1b-
transgenic A. thaliana; C; RuACOIa F RuACOI1b ¥ B BRI EE I+ T, A BH 1 1 5 K 15 43 7 Analysis on gene expression of T, generation positive
seedlings of RuACOla- and RuACO1b-transgenic A. thaliana; D: RuACOla 1 RuACO1b FE IR BIRGIT T, UK R BIZE KB B Growth status of T,
generation lines of RuACO1a- and RuACO1b-transgenic A. thaliana at seedling stage; E: RuACOla HI RuACO1b 3G 7T T, kR4 R KR K
% Comparison on maximum root length of T, generation lines of RuACOla- and RuACO1b-transgenic A. thaliana at seedling stage.

7 RuACOla 1 RuACOIb FEER TR EKNEE R ERER
Fig. 7 Identification and growth status of positive seedlings of RuACOla- and RuACOI1b-transgenic Arabidopsis thaliana ( Linn.) Heynh.

%2 RuACOla # RuACOIb ¥ E E MR T HER 5 £ KA £ IR IEHR")
Table 2 Some growth and physiological indexes of RuACOla- and RuACOIb-transgenic Arabidopsis thaliana ( Linn.) Heynh.!

bz TIPSR R EWHRFT RS D TR A KR d

ﬂfﬁﬁﬁﬁ/(mg . g’l)

) Chlorophyll relative . ; Days in advance of Days in advance of Creo/(ng-g') Cupp/(ng-g™h)

Line . Nitrogen content in leaf . . -
content in leaf flowering period silique mature stage

wT 28.98+1.52b 8.94+0.54b 119.97+1.30e 565.87+23.44¢
A2 31.42+1.36a 10.10+0.36a 6 10 162.29+3.28d 439.44+11.66d
A6 31.70+1.28a 10.14+0.19a 5 10 125.62+4.92¢ 305.78+13.24¢
A7 29.38+1.41b 9.38+0.44b 6 11 194.40+8.49¢ 588.77+4.93bc
B14 36.34x1.12a 11.42+0.40a 7 177.65+4.30cd  740.55+37.62a
B18 33.78+0.43a 10.70+0.13a 5 218.38+6.59b 635.37+15.07b
B20 30.42+3.69b 9.74+1.06b 5 8 250.29+9.62a 734.73+£23.25a

D Caco: 1-F IR — 1 -RIR A AL 27 & Content of 1-aminocyclopropane-1-carboxylic acid oxidase; Cp, : & 1 & & Content of abscisic acid. [d]
B R R) /NG R R S [R) Ak 2R 7] 22 5 .3 (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) differences
between different lines.

DWT. B4R Wild type; A2,A6,A7: RuACOla LN TR &R RuACO1a-transgenic lines of Arabidopsis thaliana ( Linn.) Heynh.; B14,B18,
B20. RuACOI1b ¥ 3N IR FR RuACO1b-transgenic lines of A. thaliana.
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A,B,C: S5 NX R (CK) (2% F (ETH) %ﬂﬂb‘é%ﬁﬁ( ABA) #bHJ5 RuACOla FEILDIIE IT AT Bk Z A R4 KA Growth status of siliques of A7 lines
of RuACO1a-transgenic Arabidopsis thaliana (Linn.) Heynh. after the control ( CK) , ethephon (ETH) , and abscisic acid (ABA) treatments, respectively;
D,E,F; 435/ CK .ETH F1 ABA Ab¥ )5 RuACO1b %5 LK 1) ST B20 ¥k % fa Sk K Growth status of siliques of B20 lines of RuACO1b-transgenic
A. thaliana after CK, ETH, and ABA treatments, respectively; G. B A= FIFIREGIF M A KAB AL Growth status of siliques of wild type of A. thaliana; H:
ETH #1 ABA Zb3 )5 A7 Bk & RuACOla F&K5Hr Analysis on RuACOla expression of A7 lines after ETH and ABA treatments; 1. ETH 1 ABA AbFE )5
B20 #£ & RuACO1b ik Hr Analysis on RuACO1b expression of B20 lines after ETH and ABA treatments.

8 ZUEFIFPEEELAL IR RuACOIa T RuACOIb HEE B EF ARNERKBERRERRES T
Fig. 8 Growth status of siliques and analyses on gene expression of RuACOIa- and RuACOIb-transgenic Arabidopsis thaliana ( Linn.) Heynh.
after the ethephon and abscisic acid treatments
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RuACO1b £ 241 5 FAR v i AH X 2% 38 & &, 1 DU
RuACOIb HATE iz iy £ MO BE, BB 2 541 %
BN ERERAERKEF Y A EEEH, 5
22 VOB BF 98 45 R B . B KA ( Lotus corniculatus
Linn.) LeACO1 TERR T FHIXT Rk E i m, FES
WAKEFFT, 5 RuACOIb 7F BRAR T A R IAE
BUAHRL, AWFFE D, BAEAE T RuACOla F RuACOTD
B AR ek 38 AR M 2 IR S 5 )
REAERRE , (i DF SRR AR DY 75 20 K A 1) AR 0 A
Koo bE A B 5T A5 R R 25 M ( Camellia
sasanqua Thunb. ) BAAE AL MUG | ACO F5 IR 1 #H XS 58
IR, HEAEW ACO JER MM X ik A RS
BT X 5 A RuACOTa TEAE T IR X ik T
TR —3,

WAERASFE AT RuACOTa T RUACO1b XTI 75
P A R 7 A I AR AR ], B FE SR S 0 14 d
EF R X 38 B I 3 T R, 3 5 A [l P SR S 7
PR o i AE R B T B (A R A — B R
ACO BEA ) F 35 v B 32 WLV PR IR . LAb, 55 BV
FRACPEAR FL AT, 20 FIAL BB RS RuACO 1o 75 2D
(RS F @ 28 d) A6 38 & 20 T+ s, i
RuACOIb TELU RN (CRIE ()5 21 d) BYARXT Rk &=
FraG T, (HAE A AR ek 2 (4 T v e AR T
RuACO1a , 72 W] 2 5k IR S s 1 I B 32 0
BREIL, H RuACOLa WREE £ 25 T BA RN

I IE L ACO FERFE AT ik v] LAAT R 46 58 75 it
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W% BR 1 -EIHEH - 1-RIR AL EE I RuACO1a F1 RuACO1D B TERE Ko HREME 25

B A K IR o o KA ( Narcissus tazetta
subsp. chinensis ( M. Roem.) Masam. et Yanagih.)
NIACO1 3 FE R FE N ( Nicotiana tabacum Linn.)
8 FR e K 4 J, FFAE R HLE R g bt AR
SN BBAE RUACOTa F RUACOTb 55 A3 IT | & B
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RuACOIb B FEF LR T T2 R0k 2 09 £A 5 it
S E AR RIPEET 10~ 11 F18~9 d, Ak, Z W F R
KRS RuACOIa T RuACOIb %% : N DL B I bk
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IR SR ] — B BRI 7 0L e T 4G SEwT Y
8 7 1 b B AT AN HE ACO P 5 DR 48 R 5 £ R 14 %,
PR, 5HA ACO N REZ MK IR IAES S
AR B — 5
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