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Abstract ; In this study,based on the full cDNA sequence of PsAPI ,the expression pattern and function were

analyzed in order to offer theoretical basis about the regulatory mechanism during floral organ development and flow-

ering time and provide candidate genes for breeding of early blooming. Based on the partial sequence in tree Peony
obtained by 454 high-throughput sequencing,1 130 bp PsAPI full-length ¢cDNA sequence was obtained using RACE
amplification. The result of homology analysis indicated that similarity between the PsAP1 protein and VvAP1 was

highest with 80.4% . We analyzed its expression pattern in seven different tissues at the early stage of flowering by

using Real-time quantitative PCR ,and the results showed that the expression level of PsAPI in sepal was the high-

est,followed by in petal ,the lowest was in stamen. Heterologous expression of the PsAPI gene in Arabidopsis ,and

the phenotype of three transgenic lines were identified. The results of phenotypes showed that PsAPI gene had ac-

celerated early flowering for about 3 days.
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LA IARE Ra f) Reverse Transcriptase M-MLV ( RNase H) it 5

- F} (Paeonia suffruticosa Andr. ) , Aj25FF Aj2h
JR TN T AR s A B OpE e A
27 o PSR AR TR R g 3 BH 55 )
HESAE P, T AL A — A B 4E 4 A b a)E) 5
A b AHAEIRERL 520 T UL B P RN 28 5 04
I AEAAE I, B 1 4B AR 7 AR Al AN ] B iR
JE R SRS R Y B R EOR T AR S i B S
JEALRAT Z AR Ik, AR Gai' ™ T3 454
MFA5%] T 15 284 4~ unigene, H: P40 2% APT B
I &8 73 EST J3 31, A AR 50 £ it 2L Al 1, F)
RACE ¥ 3413 5| PsAP] 5¢% cDNA J¥ 51, 525
OIMT HCEH URIR R, IR A8 i Rk Ak o PsAPI
FENFERIRE I S5 IR0, 45 SR R B PsAPT FEH W]
VAGEHETTAE , S it — 2L 4R T MADS-box 2 [ R AE
FEPHIERR B A B FIIT AL ] 45 b i 2 RE S Ak B ifs
Wt | Ry 35 AL S A s e SR A

1 Mok 7 ik

1.1 2 RNA J2ElS cDNA &/

PUERABOH 19 4 ~ 5 AR AR 4P R i 21 (1
T A R AR P A BRI 5T 2 S48 ) S RE, LR
TESAR AL PR H AL (MR 25 i 2R B SR FLC
B2 BRGE TR, R -k A2 9523 W] EASYspin A6 %)
RNA P B0 & FE U RNA, - 80 CIR 17,

RACE-ready c¢DNA 5 — 4% &5 Al #% 8 SMART
RACE ¢DNA Amplification Kit 35 £ ( Clontech) #
WRUEAT, SERTRE B cDNA 55— (194 B IR TaKa-

BRI BHAT, [FE 5 cDNA P28 ] EASY dilution
(TaKaRa, Ki% ) 10 £5# BEAE N S %€ 1 PCR 73 Hr
FIREAR , 0 B E 3 M i,

43 5) ECBET A A RN 5 3 DR 0L RS T A A6 R R
RNA, kIR b R R 5300 & (M-MLV Re-
verse Transcriptase , TaKaRa ) BEHLS | %) & i cDNA 25
—5k
1.2 RACE ¥ #& XHEEE PCR 1 RT-PCR Rz

HAE 454 I 715 B PsAPL (3584 EST ¥4
Bt R PRSI W 4T RACE ¥ (% 1),
RACE 914 2 i # & SMART RACE ¢DNA Amplifi-
cation Kit i3] &5 ( Clontech ) 47,

qPCR S % SYBR Premix Ex Taq' ( TaKa-
Ra) i & #E17, FIH Agilent S} 26 6 % 8 PCR
X Mx3000P #4741 . 25 wL PCR B IA RN 2 x
SYBR Premix Dimer Eraser™12.5 L, ETFHs Y
(10 pmol/L) £ 0. 75 pL,2 pL cDNA 4 FI G i
K AR 3 IRERER . OV AR 195 C 30 s,
95 °C 55,55 °C 30 5,72 °C 30 s, 3L 45 NMEFH, &
BRSNS S Actin HINS: B4 BT %
FH 2 —AAC|7£[13] .

RT-PCR [ W 2% 4 94 °C 5 min;94 °C 1 min,
55 °C 30 5,72 C 30 s, 3L 28 NI, P 1= W H
1% B HEBE RS PR UK 43 29 TRk B8 (EB) YA )5 >R
JH Vilber lourmat &£ 1% 2R 5 B Bio-1D 4534t
H B FE R AR F NS I (Actin) B FikEE PAPI |
AtAGL24 R Actin S|IFFHIILEE 1,

®1 519 FIRBNEREMYIEER

Tab.1 Primers,sequences,their annealing temperatures and purposes

GEY] 751 B KGREE/C e
Primers Sequences Tm Purpose
PsAP1GSP5’ 5'-GACAATCAAAGCAACCTCAGCATCAC-3’ 65 5'RACE ¥
PsAP1GSP3’ 5'-GCGGAGGGGTGGGTTGCTGAAG-3’ 65 3’RACE ¥
PAPIZTE 5'-CTAGTCTAGAATGGGAAGAGGCAGGGTTCAAC-3' s3 PoAPI 1Y ORF -1
Xba 1
PAPIZTR 5'-GGTACCTCATCATCATGCACCAAAGCACC -3’ s3 PoAPI 1) ORF 44
Kpn |

AtAGI24F 5’ - TCCACCTTCTACTCATCTCCG -3’ 55 PsAPI TR P38
AtAGL24R 5" - CTCAGTCTCTTATTCTCATCCACCA -3’ 55 PsAPI T SEIR 4 3
PsAPIF 5’- CAAGTGACCTTCTCAAAGCGGA -3’ 55 PsAPI S} g
PsAPIR 5'- AACCAGTTGTCGCTCGGCA -3’ 55 PsAPI 52 E R
Actin 5'-GAGAGATTCCGTTGCCCTGA-3’ 55 NZ
Actin 5'-CTCAGGAGGAGCAACCACC-3’ 55 NS

1.3 EWERFESH
TP 45 5 DNAMANG. O SR 71 5 4347
PEHE. ) ProtParam #2 ¥ ( http://expasy. org/cgi-

bin/ protparam ) #4178 [ 51 43 12 F1 55 HL 8 S5 BT
BT, A Clustal W k43547 2 ¢ 30 He X, #1)
MEGA 5.2 %44 1y 2B 321k ( Neighbor-joining ) yiafzis
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ARG AW i @ 2553 BT (Bootstrap ) 1 B A7 BE
55,1 000 R E R KL
1.4 PsAP] BREFHREHIHE

45 RACE ¥ 3515 2 1 PsAPI 3 [H 57 3% 4 Bt
lZ&ﬁ%l%(é‘@ﬁﬂMﬁﬁ Xba 1 F1 Kpn ) (%% 1),
B AR Y gl iy %2 TiR)E, 5 pMDI8-T 2.1
FRAKIE:  #540 E. coli DHS« TE B, 07 1% BH M 5 41
F BEEBUTCRE, FH Xba 1 A1 Kpn 1 43 550 SRR V) 76 21 5t
WA pBI21 kL, i T4 3% $2  ( TaKaRa, Ki# ) i
HE MEE PsAPI-pBI121 MRk #IA M 5'
1.5 % PsAP] BT HIRE S

K HRE 48 =1 2 24 Columbia %Y B A= U 40 By
IF L IEEA 50 mg/mL RABEEZR MY MS BRI 750 bp
T VEIRAHL FE A T, S G+ B[R] I ISR 1 250 bp
W 0 1% 5 PR e T 23 4 C A B 3 d HTEARER, 100 e
SRR MS AR FREE I, 2 MS ARG FREE L IE
AR 10 d M B E SR - (AR R 30 #) 7
KHBEMT (22 C,16 h/8 h) ¥ 3%, Ge it IF b
) FNAE AL BT [ GETE A2 > H8 B o DAHRE Fi 21 4

1
85

169
13

253
41
337
69
421
97

505
125
589
153
673
181
707
209
841
237
925
1009
1093

HIAF T ATC FIZ IR Z T TCA FIRMATFIILRIR s SUR RIZAR7R ) polyA J2 ; AR XA PsAPT {R5F X N DI RESS HK

Initiation codon ATG and terminate codon TGA ,italic and bold ; PolyA tail, double underline ; Conservative regions,shaded area.

%*}TO
2 HRE4A

2000hp ijbp

1 000 bp
750 bp
500 bp

<274 bp250 bp
100 bp

1 000 bp
500 bp

ACACAAMAAGTAATCAAGAAATGGAAACCACAAGAAGCCTGTTTTCTCTCTGAAGAAAAACAT TCTCACCCTTTCTCGAGAATA
ACTGATTCGGGAAATTGTCTGTTTGGG TGETGGGAAAAGGAAT TACGAGATELGAAGAGGCAGGG TTCAACTGAAGCGTATAGA

M GRGRVY QLIEKTE RTIE
AAACAAGATCAATCGACAAGTGACCTTCTCAAAGCGGAGGGGTGGGTTGCTGAAGAAAGCTCATGAGATCTCAGTCTTGTGTGA
NKINRQVTFSIKZRRGSGLTLIE KZE KAHNETISUVLTCTD

MADS-box

TGCTGAGGTTGCTTTGATTGTCTTCTCTACTAAAGGGAAGCTGTTTGAGTACTCCACAGATTCTAGCATGGAGAAGATACTCGA
AEVY ALTIVYFSTIEKGKTLTFEYSTDSSMETZ KTITLTD
CCGTTACGAGCGATATTCTATTGCCGAGCGACAACTGGTTGAGGAACCTGGATCACAGGGAAACTGGTCCCTAGAATACTCCAA
RYERYSTITAERQLVYEEPGSQGNWSILEYSK
ACTTAGGGCCAAGATAGAGCTTTTACAAGAANCCAANGGCGC TTTATGGGAGAAGATCTTGACTCACTGAGTCCTAAAGATCT
LRAKTIELLA QRNG GQRTERETFMGETDLDSTLSPIKTDL

K-box
CCAAMTATGGAGCAACAACTTGACGTTTCTCTTAAAAACATACGATCAAGAAAAAATCAACTAATGTATGAGTCAATTTCAGA

Q NMEQQLDVYSLEKNTIRSRIKNQQLMYESTISE
GCTTCAGAAGAAGGAAAGGGCAATCCAGGAGCAAAACAATTTGCTAGCAAAGCAGATTAAGGAGAAAGAGAAGACAATGGCACA
L Q KKERAIQEA QNNILILAIKG® GQTITI KET KTETZ KTMADRIQ
GCAGGCGCAATGGGAGCAGCAAATTCATCATGGCCCAAATGCATCAGCCTACCTATTATCACCTCATGAACTTACTACTCTAAA
Q AQWEQQTITHHGPNASAYLLSPHETLTTLN
CATGGGTGGCAATTACCAAGGAGAACCAACAGAAATGAGGAGGAACGAGCTCGACCTCACCCTGGAACCAATATATACGTGTCA
MGGNYQGEPTEMRRNETLTDILTLEPTIYTTCH
CCTTGGGTGCTTTGGTGCATGAATCAACTGGAGAAAGCACTCCTTCGGACTGTTATGAATTGCTGCTCTCCTTTTGAATTTTGA
LG CF G A =*
GCATTTAATATAGAGTAATATTTATGACTAGTAAAGAATTCTCCTTGAACTTACTTAAATTACATATAATTTCAAATTTCCAAT
ATTTCAACTACTGAAATAGTCACGACTTCTGTATTTCCATGTATAAAAAGTCGAACGTATTTGCTATGGCAATAAGACCATGT
AGTATGCT AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

2 PsAPI i€ cDNA F3 SHNM S EBEF 5

Fig.2 Full length of cDNA sequence and putative amino acid sequence of PsAP]

E2 1 ~2 om A E] B IS R BB 2S8R K
IR En T AE RIS [a] . BCs A SPSS AT 4t it

PsAP] EE RGBS EBRFMES

%5 RACE §"34 ,5'-RACE PCR F=¥) N 274 bp,
3’-RACE PCR ¥} 929 bp (& 1) . % 5 £ 55
BH%E 1550 1 130 bp PsAPI 24K cDNA {145 5/

M. DI2000 Marker;5’.5'RACE ¥ #47=4);3'. 3'RACE ¥ ¥47/=4)
M. DL.2000 Marker;5".5'RACE PCR product;3’.3’'RACE PCR product.

1 PsAPI 5'RACE #1 3'RACE # 1 ik E
Fig.1 Electrophoresis results of PsAP1 RACE PCR
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4E % 5 X ( Untranslated region, UTR) & 133 bp, 3’
UTR 4 268 bp, &4 30 bp B polyA B, 5¢ 54 i Tk
% 152HE ( Open reading frame , ORF) 4 4 729 bp , %
fih 242 A~ FEFR ( GenBank accession No. KJ777535)
(E2) ., PsAPT E I3 T 3N €y HiggoNagy 057 Sy
HAy T4 28. 075 9 kDa, BIE 45 1 2 pI 4 8. 85,
FIFH Clustal W 314K PsAP1 1) & 3612 7 51 5 HAth
TR ) 1) Z HE R 7 9 64T 2 9 91 x4 SR 360

PsAP1 5 HIEYI APL AU 65.4% ~80.4%
Horb 5 4 AR AL YR 5, R 80. 4% , 5 v SRR
PEEARITE R 2, 43500 R 77. 5% F1 77 % , ARV B
AR S8, 0 65.4% , FIH MEGA 5.2 {444
ARG VAR (K 3), 455 KW, PsAP1 JE 54 %
VVAPL JE W43 32, B 15 R RS S8 R AAE W) JE B
Gy ERJE SR I B B AR YIE LA 3,
SR AR, 5 RN 25 R — 2

83[ $tPF Paconia suffruticosa PsAP1(KJ777535)
11 A% Vitis vinifera VAPl (ACZ26528. 1)
1= Mangifera indica MiAP1(ACS45102. 1)
¥ Citrus sinensis CsAP1(AARD12227. 1)
W Ziziphus jujube ZjAP1(ACGT0964. 1)
—— Bt Prunus persica PpAP1(ABU63953. 1)
100L———————— LM Eriobotrya japonica EjAP1 (AX14151. 1)
K Glycine max GmAP1(XP003547792. 1)
100~ MG Vigna unguiculata VuAP1(BAJ22385. 1)
fHFF Arabidopsis thaliana AtAP1 (CAA78909. 1)
LW Solanum tuberosum StAP1(ADA77531. 1)

—_—
0.05

El3 PsAPl SEMYFE REHLE ST

Fig.3 Phylogenetic tree of Paeonia suffruticosa PsAP1 and the other known proteins

2.2 PsAP] EEMARFRIEER

DIGE T PCR 4381 PsAPI TER) AL 4L FH
FEAFE AR ZE M MRS E T AR R AL
ZFRRRIE (] 4) 45558, PsAPT JEIFEATFHY)
7 FORRIA L b B Rk HFR B RAF, 7
S TR SRRV By RO AE e 25 MR AL
B i Fe R AR R RAG , AR v i SRR I, 2
o PsAPI B335 522 HESE TP i 28 £

PsAPIfIAHRT Feik it

Relative expression of PsAPI

(=]

i = i L PR vY; ]
Root Stem Leaf Sepal Petal Stamen Carpel

4 PsAPI ERHBHARRARAHHRIEER
Fig.4 The relative expression levels of PsAPI in

different tissues at the early stage of flowering
PsAPI-pBI121 BBRIEHEHHE

PIH ST cDNA J#idi , PCR 71445 5] PsAPI 3
K41 ORF X, 2351 Xba 1 F1 Kpn 1 %F PsAPI
R4 K ORF XA pBI121 ki DNA #E4T B
VICKE 5) , mCH 0 7 B, 78 T4 DNA 3 H2 0 78 H
TR I B AL R I AT I, TRV PCR %508
FH M B B J I )
2.4 PsAPl HEEEKA PCR £E

BIAE Y 32 38 #AK PsAPI-pBI121 5% 4k 4 #T B
EHA105 , Bl £ 15 2 YL B A8 B0 mg o, W3Rk A+, 48
Kan i 215 2] T, rHEAR R, 4k 2L JEFT Kan 7 2 Fl

2.3

PCR % &, SR 1B i & R A bk H TR B3 Fr, M
PsAPI 55 H T AERRThBEHR 3 MR R, #E17 PCR 43
THE (K 6), 45 RERY],3 MR REPIMEER
PsAP1 1158055 5% IF H 3608 5 He B A A gy

M A

M B

pBI121
2 000 bp

1 000 bp 2 000 bp
750 bp 729 bpy 000 bp
500 bp 750 bp

500 bp

250 bp
100 bp

M. DI2000 Marker; A. PsAP1-pMD18-T Xba [/Kpn 1
WA ; B. pBI121 XAV
M. DL2000 Marker; A. Double digest of PsAPI-pMD18-T with
Xba 1/Kpn 1;B. Double digest of pBI121 vector.

E 5 Xba I/Kpn I EEYIHY PsAPI (A) 1 pBI121 £k (B)
Fig.5 Double digests of Xba [/Kpn 1 of
PsAPI-pMDI18-T and pBI121

M L} I Il il

500 b m— 729 bp

M. DNA Marker DT.2000; W. ¥/ RIS RI AT 5
[ TR 3 4~ PsAPI-pBII21 55 3L MIBE ST B R .
M. DNA Marker DI1.2000; W. Wild type; I , II and 1. Three
lines of PsAPI transgenic Arabidopsis.

6 PsAPI %ERUEITH PCR £F
Fig.6 Identification of PsAPI transgenic Arabidopsis by PCR
2.5 PsAPI FiRFABIEITIF L E = AT
PEHRAER H BAA T B A BN T, PsAPI %%
PRI 4% 30 #k (3 IRER) , 735 Gt T AE S ] F1
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£k R

F R

30 &

(£ 2), G5R IR, T, PsAPI %% 5L F R PR 45 B
A= BT AR (] 5 LS A B B b St o b
B B AR AL R O ()4 E AR ] 0 23,2 d 46
32.4 d, 1 2 1~ PsAPI % LA bR 2 191 25 51 AL B[R]
$5920.4,19.9 d,4EW1°829.1,30. 5 d, FFAERT ] 3R
253d (B 7-A) A% 20 3 d, 5 H 3

WD MR HERE
FER  p21 KEI HAN

355: :PsAP1

FEHF AR/ T 1 ~2 Fry
FIH B AtAGL24F 1 AtAGL24R #£1T RT-PCR

b

REVI(E7-B) 2 DR R ML

FEH AtAGL24 B FRIR T BEAL, B8 T PsAPT S W]
fe i M R IEEE R AtAGL24 FZE IR TR HETFAE I

[l B2,

3558::PsAP1

WT I Il 1

- =

PsAP1

Actin

A. PAP] JEIEDIIIRIIT I H IRAE T IPAESERT; B. FURITAEEER AiAGL24 B)FRIK,
A. Transgenic PsAP1 Arabidopsis promote flowering under LD condition ; B. The expression of AtAGL24 ,a downstream gene of API.

7 PsAP] RiBERZIUNEFTF L B4

Fig.7 The flowering time analysis after heterogeneous expression of PsAP/

K2 PsAP] BERRBERIEMEFTHRESEIT

Tab.2 PsAPI transgenic Arabidopsis phenotype statistics

LIRS FEJEMECH TEAE 1] TE [IEL/R 4
Plant name Rosette leaves number Flowering time Florescence Plant number
WA WT 11.1 £0.26a 23.2+0.1a 32.4 +£0.35a 30
FeRABRART L1 9.9 +0.39 20.4 +0.33b 29.1+0.41c 30
HIHHEHKARL LI 10.2 £0.37b 19.9 £0.25¢ 30.5 +0.28b 30
PR LI 9.5+0.49¢ 20.2 +0.35b 29.5 +0.43¢ 30

VEra b [0 0.05 K FHIZR B,
Note:a,b,c represent significant difference under 0.035.

3 it

MADS-box SR 4t — ZFNREMP ERK K EH
A5G SR, o s 77 AP 3 PR LY i MIKC
A MADS-box 2, JFTEAE SR B A B Il Bl E &
BAEH, &5 M1k, AMTE N Z R o s )
T AP BEFIFORRE T R, Hrh LA &
FLAAAE Y, QA SR Mg AL
BRSO AL Y SRR 2L A
APT SERFERL R RS o0 iz Bt i opss B ek
JKAE API Wy [R)JE L N OsMADSIS 1EM it A 46 ¥
KA AR B b ik 12 R APT JENAEE R
SR A F R URBH PR R APT RS AN
Z 5 EWRE, M HARLE T h b 8=
FHP S HASHEAR AP JEDIAEAEZE S FEI IS
FIMERS b e 3k, FE M o R 38 Bk APT B[R] 8 3k
PpMADSI {EAE4E FEe s rh ¥ A 2k ) X
VLSRR Y (0 APT 2 5 P8 45 10 4 B AR J2 AN [
(1 o A TR AL 1) v 3 2 0 P O i 21 APT SE Y
BRAT Gt X, L ZIFe TR Ay BT BB AP S P o
21 FEAEH S B RAE R T ik e A g

FREARR AR, X SR T P AR IARE A —

AR R B SCHE R PRI, WA A R )

Rl o

i
7 P, AT AL P PsAPT SERFEAE RS B K
=)
fiE

UTAEA, AL R T R RS Y i SR T
AL P L3 ) BFF 58 A TR R R EAE
SEEYIIT AR R — e D 2 BB, — R E SR

A 4B A 1 25
e

N~ — B3
Az, T

FEFF o3 L4
AR M Z 5 iZ R Z RN LFY

API AGL24 .CAL [TFLI %580 53¢ 63 ] 1F 8458 5l
WEAER KT . API FRTEAL LB W fE b i e
A, AGL24 il S RG i VR B L C 2 IE R 28 BH
1EAEST AR LA L DR A48 B A I B, T AP
VERIL B iF L e s ad R v 2 T HEAE
ABFEIE i 7 PsAPT DU 7 19 28 AL o3 Ay 45 SR
R R bR R IFAE IS ] LT B AR A I BT T
PEFER AtAGL24 18 5% FE AR PR h 3R I8 7KF R R, X

R

KRR IF T PsAPT FERINH T AA-

GL24 WFLIRETFAERS A AT, S5 U IF BT 5245
R ARBRGE Ry BT MADS-box £
FIRAEVE AP R & LA R AE I o] 2 v 5 4

o
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PR BEEIE IR, B3 T 5 2 B A 5 v 1 B AE
A AR At e Bk PR, OR R X MADS-box %5 K T BE Y
IFTOR I B 52 SR R AT

SENMK:

(1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

Komeda Y. Genetic regulation of time to flower in Arabi-
dopsis thaliana [ J ]. Annual Review of Plant Biology,
2004,55:521 -535.
Mouradov A, Cremer F, Coupland G. Control of flowering
time interacting pathways as a basis for diversity[ J]. The
Plant Cell Online,2002,14 (suppl 1) :S111 - S130.
Putterill J, Laurie R, Macknight R. It’s time to flower: the
genetic control of flowering time[ J]. BioEssays, 2004 ,26
(4):363 -373.
Farrona S, Coupland G, Turck F. The impact of chromatin
regulation on the floral transition [ C]. Seminars in cell &
developmental biology,2008,19(6) :560 —573.
Sablowski R. Flowering and determinacy in Arabidopsis[ J ].
Journal of Experimental Botany,2007,58(5) :899 —907.
Becker A, Theissen G. The major clades of MADS-box
genes and their role in the development and evolution of
flowering plants[ J]. Molecular Phylogenetics and Evolu-
tion,2003,29(3) :464 —489.
Mandel M A, Gustafson-Brown C,Savidge B, et al. Molec-
ular characterization of the Arabidopsis floral homeotic
gene APETALA1 [J]. Nature,1992,360,273 - 277.
Weigel D, Nilsson O. A developmental Switch sufficient
for flower initiation in diverse plants[ J]. Nature, 1995,
377(6549) :495 - 500.
Sarah J, Gustafson-Brown C, Pinyopich A, et al. Interac-
among APETALA1, LEAFY, and TERMINAL
FLOWERI specify meristem fate[ J]. The Plant Cell On-
line,1999,11(6) :1007 - 1018.
EEE RHE N &, AP] SR B3
EAMEBFTELT]. MRl FRE,2007,43(9) :128 - 132.
Chi Y J,Huang F,Liu H C,et al. An APETALAI1-like
gene of soybean regulates flowering time and specifies
floral organs[ J ]. Journal of Plant Physiology,2011,168
(18).:2251 -2259.
Gai S P,Zhang Y X,Mu P, et al. Transcriptome analysis

tions

of tree peony during chilling requirement fulfillment ; As-
sembling , annotation and markers discovering[ J]. Gene,
2012,497(2) :256 - 262.

Livak K J,Schmittgen T D. Analysis of relative gene ex-
pression data using Real-time quantitative PCR and the
2 45T method[ J]. Methods, 2001 ,25 ;402 —408.
Clough S J,Bent A F. Floral Dip:a simplified method for
agrobacterium-mediated
thaliana[ J]. The Plant Journal ,1998,16(6) ;735 —743.
Calonje M, Cubas P, Martinez-Zapater ] M, et al. Floral

meristem identity genes are expressed during tendril de-

transformation

of Arabidopsis

velopment in grapevine[ J ]. Plant Physiology,2004,135
(3):1491 - 1501.
Kotoda N, Wada M, Komori S, et al. Expression pattern

[17]

[19]

[20]

[21]

[22]

[27]

(28]

of homologues of floral meristem identity genes LFY and
AP1 during flower development in Apple[ J]. Journal of
the American Society for Horticultural Science, 2000,
125(4) :398 —403.
Pillitteri L J, Lovatt C J, Walling L L. Isolation and char-
acterization of LEAFY and APETALAI homologues from
Citrus sinensis L. Osbeck ‘Washington'[ J ]. Journal of the
American Society for Horticultural Science, 2004, 129
(6) :846 —856.
Liu Y,Kong J,Li T,et al. Isolation and characterization
of an APETALAI-like gene from pear ( Pyrus pyrifolia )
[J]. Plant Molecular Biology Reporter,2013,31(4) .
1031 -1039.
Li C,Xie H,Zhang L, et al. Molecular characterization of
the PpMADSI gene from peach[ J]. Tree Genetics & Ge-
nomes,2012,8(4) ;831 - 840.
d BV ERKOR, AN, AR AE I3 A 42Uk S BE A
ZjAPI fSERE S RIK T[T ], i Pa LR, 2010,
38(2):6 -11.
O, EARG R, S Y RIE T AP R
PR sE R K P B o3BT [ 0] ARIE AR 2741, 2014,29(5)
66 -70.
Kim S, Koh J, Ma H, et al. Sequence and expression
studies of A-,B-,and E-class MADS-box homologues in
Eupomatia ( Eupomatiaceae ) ; Support for the bracteate
origin of the calyptra[ J]. International Journal of Plant
Sciences,2005,166(2) ;185 — 198.
Fornara F, Parenicova L, Falasca G, et al. Functional
characterization of OsMADSIS , a member of the AP1/
SQUA subfamily of MADS box genes[ J]. Plant Physiol-
ogy,2004,135(4) :2207 —2219.
F W A B R AE TR AP [RIRFE R A T
GE KA (5 B i [0 ], SRR 4% 5 05 AR W)
2#,2009,28(5) ;851 —858.
XURHE, 2, BN AR H AR AL &% B R R
I CIAPL Wy 5ERE 53K B[ T ]. b 2541 ,2010,37
(4) :649 - 654.
Zhang L.,Xu Y,Ma R. Molecular cloning, identification,
and chromosomal localization of two MADS box genes in
peach ( Prunus persica) [J]. Journal of Genetics and
Genomics,2008 ,35 .365 —372.
5K ZR 2, 20 AR, H0 R IO A B (] 8 45 4 BIF 5T o
[J]. e 5 A Yy B ,2006,9(3) 1301 —309.
Srikanth A, Schmid M. Regulation of flowering time : all
roads lead to Rome[ J]. Cellular and Molecular Life Sci-
ences,2011,68(12) :2013 -2037.
Liu C,Xi W Y,Shen L S, et al. Regulation of floral pat-
terning by flowering time genes[ J]. Developmental Cell,
2009,16(5) .711 - 722.
Gregis V,Sessa A, Dorca-Fornell C, et al. The arabidop-
sis floral meristem identity genes API,AGL24 and SVP
directly repress class B and C floral homeotic genes[ J].

The Plant Journal ,2009,60(4) :626 —637.



