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LIZx1e CJAPL1 FE R IE X FRikFH KB HE KX
U TR

s e, e, RiER!
(TR RS TSEAHL TR TEIT, ST 311400: 2 5 A Kbk Pk, 11778y 266100

B E: AHINLEAE CJAPLL JEAIX T HIAL R AEM, M4 T pCAMBIAL300-CjAPLL iF S HH
YR IEHAR, WSS R EoR, CJAPLL 2 IE M4 A pCAMBIAL300 )8 ) FRIZ 1L T2 8], B CjAPLL
W WFIE AR EE ) o K pCAMBIAL300-CJAPLL K AN A F AL HZ Yik e b B I, 3R13 53
PHIBA PR AR 65 o BEALPkIE R AR S 0 ) 3 MRUEAT PCR & M9 #7351 T H 4547, Southern 228 %5 &
— 3PN R e TR B A AR o [ %< D' 8 A ) B 70 i B DR RE Bk o CJAPLYL 5 [R1 3 I LR o0 TR Sl 2 4t v
6 ~ 25 MR IEE . HILHPH AR A ), TERERRESSZOM LU B A R 8 3800 1 MO 1~ 4 4,
FINGRE A RAIR, R Tl BRI CJAPLL JE K Al LL5 AL %% T B A& 1028 S A i 1)
Ak, DRSS RIS B T R TR e R & LA 3 1 R T g
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Sense Expression Vector Construction and Analysis of Transgenic
Arabidopsis thaliana with CJAPL1 Gene from Camellia japonica
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Abstract: In order to investigate the gene function of CjJAPL1, a homolog of AP1 from Camellia
japonica, during double flower formation, pCAMBIA1300-CjAPL1 sense expression vector was
constructed. The restriction enzyme digestion result showed that CJAPL1 gene was correctly inserted into
pCAMBIA1300 sites between 35S promoter and terminator, which indicated that an ectopic expression
vector had been successfully constructed. The pCAMBIA1300-CjAPL1 construct was transformed into
Arabidopsis thaliana by inflorescence soaking mediated with Agrobacterium, and 65 independent
transgenic plants were obtained. Three randomly selected positive plants with obvious phenotypic changes
were confirmed by PCR amplification and Southern blotting, and high expression levels of CjAPL1 in
transgenic plants were also detected by the Real time-PCR analysis. Compared with WT plants, obvious
phenotypic changes including increases of 1 style and 1 -4 stamens, sepals edge developed petaloid
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morphology with white characteristics, and early flowering, were observed. These results showed that
overexpression of CJAPL1 gene could cause the change of floral organ morphology and number, and
therefore indicated that CJAPL1 could play notable functions during floral organ formation and double
flower development.

Key words: Camellia japonica; CjAPL1; expression vector; transgenic expression

APETALAL (AP1) JE[HJE MADS-box FE R Kk A ZKRIE K% APL/FRUITFULL (FUL) -like 11t
WEREWEILR, 75 LEAFY (LFY) SEIERRIR NUERIL, IR IR T AR 2V AR fe i A 4
AU R A LN 22— (Ng & Yanofsky, 2001; Nam et al., 2003), 1992 4£ Mandel %% (1992)
HIXMAR I 3 3 T APL LK, P41 53 3R B R 5 MADS SGE 8 I 45 4380, H mRNA
FIEANCTAE R IR SRS R FE— B, BEAE AR IR SE R R o 2 I8 B0 [ e 5 1y RO Ay, Xk
B A RIEDDN T2 MG R & A EE R« 47 APL BERUR ARS8, e lifb sy AR AL 2N
EWEE, MNE—S ey, I ek & w4 (Bowmanetal., 1993). {H
FE4 A (Antirrhinum majus) ', APL [AJi LN SQUA 8455 TTAET A R B R T ki 4. Ixsbgh
T, APL FERE— AN ZIEPR #0007 55, S DRI [ Ik AN [ (10 8 48 D09 48 S 15 APL ik R ZE A A 1Ak Y
[f)2¢ik (Parey etal., 1998; Wagneretal., 1999).

Hii oA kT it B AR R I h A W sidkiE, it xt Cjglol. Cjglo2. Cjdef F
Cjtm6 J RO FUL g T 1Rt A% A b S S SE DR RRAR TR 0B, BF9E T 1L 2% A6 B 2RI DN Tk & I i 48
PR CReEnl, 2011). IIZSAET B S CJAPLL & APL RIS LD (pphidibh 25, 2013) . AHf
UK RS SR 2 Ak, il LA AE CJAPLL ZERLRG IR K 1IE SCRaE, BFTiZFE XS T-4E 2%
HRE RSN, DU R L R R Bl R T T RE .

1 MESTHA

1.1 R

TR FT FH e HE DR 04 ) A 554 LG B A= 48 9 7 (Arabidopsis thaliana col-0) . 1l %% {& CjAPL1
FER (GenBank % 3%%5 IX657332) HH{E# 2011 Frdle (phddp 45, 2013), RATE GV3101 I
YRIEH AR pPCAMBIA-1300 (B &M, B 1) HASZE = 6 & FAERAT .

Sacl Kpnl  BamHI Sal 1 Sphl

Sma l u,” o6t 1
EcoR 1 \\ / // Hind I

LB Hygromycin CaMV33s CaMV33s NOS-Ter REB

B 1 BU&EEH pCAMBIAL00 FIAESRLHITERE (BXX ¥, 2013)
Fig. 1 Structure map of reforming pPCAMBIA1300 expressing framework (Zhou et al., 2013)

KIGFF B 52 2541 0 E. coli DHSa. pMD®18-T #4471 BRI TEAL R PO G . 5 e e J e o
WA RS B VR £ SYBR® Premix Ex Taq™ 1T [ Ki% TaKaRa 24 . F:xUHiY DNAout
2.0 7 A T AL 5T R PR RE DA PR ] o BB Il ) R KL/ e B U TR G0 i Axygene
WA AT . PCR 51 AL A A WA e, WP FR AT AR L PR e 1o
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1.2 RWAHZE
1.2.1 LG8 CJAPLL A B E Uk A HARM

¥ CJAPLL JE K 42 Ko=) TA 5% 42 pMD®18-T th [l 4 4, 4 “C 8% 12 h J5 54k 2 K FF i E. coli
DHSo A2 A0, )50 UE F5 10 = 2 JB0RE I P 56 UE 1 1) 48 A\ BE. BamH T AT Pst T 239 XUBE )
pMD-CjAPL1 20 JiUki Al pCAMBIA1300 # 44, T4 DNA Ligase F#i&#z )5, k%1 E. coli DH5a.
pCAMBIA1300-CjAPL1 FEZH ik R H] BamH 1 H1 Pst [ XI5 AIE .
122 FATANF 89l S-diib

¥ & H A F K pCAMBIAL300-CJAPLL H A H A AL AT GV3101 BAZAS4NM, R
T4 50 ug - mLt RIEZ (Kan) F150 ug - mL™ FI4EE (Rif) XUPCIERIf s 70 1, 28 C 2
R TR 2.d 2id7 o PREL A AR s AL 1, T CJAPLL JER 4 K514 (£ 1) PCR ¥ BAIGIE . K& XL
Prrk LB AR IR 0, RN R R T IE R (121 CK I 1) 5%k,
SilwettlL-77 £ 4 0.02% ~ 0.03%) 17 ODgoo= 0.9 ~ 1.0, H4BIRRTTF AL AL M B I T4
MBI E TR EZ MW EI L min, fRIBERREAI MR 24 h, R B TR = T IE R

PR 4 ~ 5 d [958 LARELFE RS S AP 148 700 KRS 1 75 30 min, % TS fmlE =

(RHRJE 20mg - L™ [ 1/2MS B 7738 FRETHIMESGIE, &4 HEBUR FREIE# B K.

1.2.3 #AEMHI PCR AT L 5z i

i ALK DNAout 2.0 37 SR B JE R R SRR DNA, - DL A5 25 36 DRURE 7 5 | ) R A
SREFRGIY GE LD 048, 0.8% ~ 1.0%E5 Tt oA I 4% FE DR R ke b H R SE DRI AT L. R
il DIG High Prime DNA Labeling and Detection Starter Kit I il &34 7 56 5 I RIRE () 28438 % 5E - i
TFRANAEAE CIAPLL JENA Y, S FENIERE APL, XPANSEN TR 7 FI4714E 67.9%(1)
AR, 8 i DAL 1) 5 0 58 B 5 | BEAE CJAPLL A AP R A A AP IR X 0 o 56 )6 5 8 S B s J
J TSI IS 25 5 72 B PCR AR R WA 6 vt B P B4 o BN 70 cDNA FE % 1 3 IRE R, [ WA
ABI PRISM 7300 Real-Time PCR System {¥# FidE4T. KH 20 uL #& R, WAL E R NIET: 95 °C
40s; 95°C7s, 60 °C42s, 3L 40 MEH. HImL PRI 27447 ik,

#1 WHFCAPLL BEREEMRESHATASIY

Table 1 Primers for identification and expression analysis of C. japonica CjAPL1 gene

GIL R g7 (5'-3) Fi

Primer name Primer sequence Function

P-1 GGAGACCAAGAAAACAAGAGAGAA 2K FEFY 1 Full length amplication
P-2 CCTGAAACTTATCCATTGATGTGAC HILINRERE PCR BIE Transgene PCR
18S-1 GACTCAACACGGGGAAACTTACC WS IR Reference gene amplication
18S-2 CAGACAAATCGCTCCACCAAC

Y-1 AAGGAGAAGAAGGAGAAGGAACAG SISO E B PCR

Y-2 CAAGGAGTGCAATGACTGTGAGATA Real-time fluorescence quantitative PCR
Hy-1 GCGTCTGCTGCTCCATACA W1 F Y WYL Hygromycin amplication
Hy-2 TGACATTGGGGAGTTTAGCG

2 HiR5rH

2.1 pMD-CjAPL1 EH#H Kk

¥ CJAPLL JL[HF3 TA seles] pMD®18-T #ikrh g, L4k A, LI4K 514 P1/P2
BEAT PCR 41, W40 H I 4% IR0 56 UE 7 1m) (B 20, W45 5 CJAPLL &K 741 (774 bp)



792 W 2 % 41 %

TERWE, X CJAPLL B[R O IF ) v e 3 v [a) 244 pMD®18-T t,

2.2 WUFTE CJAPLL EREIE X FTiLH K

PMD-CJAPLL IF: ) F 2 Ak #1145 4% CJAPLL 5E[K 5 pCAMBIAL300 #fAHAL i, F4L kL
FH BamH I F1 Pst I XUEE VIR UE, VIR /N BER/N (774 bp) 5 CJAPLL JEK F BER/MATF (K 3D,
# 1] pCAMBIA1300-CjAPLL #i4) 1F X KA 34K 2 15 1) .

2000 bp —
1 000 bp 2000 bp
750 bp — — 774 bp
1 000 bp
500 bp 750 bp 774 bp
500 by
250 bp P
250 bp —
100 bp
100 bp —
2 pMD-CjAPL1 B4Rk 18 3 pCAMBIA1300-CjAPL1 & $i A B ]38 i
M: 4> THArHE DL2000; 1: PCR 4 #4774, M: 4> TEbrdE DL2000; 1: pCAMBIAL300-CjAPLL FH 41 FKiL#
Fig.2 Amplication of pMD-CjAPL1 recombinant fA; 2: pCAMBIA1300-CjAPLL 40 2 AR 1)
vector construction Fig. 3 Enzyme digestion of pPCAMBIA1300-CjAPL1
M: DNA marker DL2000; recombinant expression vector
1: PCR product. M: DNA marker DL2000; 1: pCAMBIA1300-CjAPL1 recombinant

expression vector; 2: Enzyme digestion of pPCAMBIA1300-CjAPL1
recombinant vector.

2.3 WIHTE CJAPLL ERE E X RIEHIAFHNKITE
pCAMBIA1300-CjAPL1 41 Jii ki % 1k A&

e - 2000bp —

P GV310L J, HEHIK (6 3 B LA 4 K 5 "
) PUIP2 JEAT PCR 474, IR 4 5 T
E@%}%‘Eﬁﬁd\ﬁﬁ(l@ 4), ﬁ% DCAMB|A' 750 bp — — 774 bp
1300-CjAPLL IF X FRIEHA L& b Ak 3 A& 500 bp
FF# GV3101 .
24 WL CIAPLL B R LHIEIFHLE Bot

N N . 100 bp —

P AL AR 445 2 e 5+ CJAPLL

ST, SR (20mg - LD fFESE, 348 H4 pCAMBIAL300-CIAPLL Rk kR &
” . . \ \ BILFHPCRETE
s A~ J 3 : Y
5 LAUT CJAPLL DN HUYEATPK 65 #h . JLIZA M: 4 TF-libkifE DL2000: 1: 4cHFHisE 16T PCR 4.
%{%%EEG$§%TU\$%*E*$O %EX DNA Elﬁ Fig. 4 PCR products of agrobacterium with
ﬁf%é&*ﬂ{ﬁﬂ%%% H/‘]XXE:HLi . EE 5 ﬂ pCAMBIA1300-CjAPL1 recombinant vector

M: DL2000 marker; 1: PCR product of
Agrobacterium transformant.

W, PUERRR b 20T 3 BRECEE AR RS G H T
IR DAL A e 2 DX R e 2, ISR
ARAFBH PR AR A JUL e I A B A AR, T REAT R A 34T
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M C-1 C-2 C+1 C+2  Al-1  Al-2  A3-1  A3-2 Al6-1 Al6-2

2000bp —

1000bp —
750 bp —
500 bp

250bp
100bp —

E5 # CjAPLL EEMBIET PCR &M
M: 737 hEEARHE DL2000; C-1: BIPExtRIL K519 1, C-2: M Wl E R 5149 5;
C+1: FAIPEX AN AT 1 C+2: BV 2 =519 1,
Al-l, A3-1, A16-1: FeR:PIHEMRAKEENG Y,
Al-2, A3-2, A16-2: FLILDIRIbRMIE RS MY .
Fig. 5 PCR amplification of the transgenic plants of Arabidopsis thaliana with CJAPL1 gene
M: DL2000 marker; C-1: Non-transgenic plant with gene full length primers; C-2: Non-transgenic plant with Hygromycin primers;
C +1: Positive control with gene full length primers; C + 2: Positive control with Hygromycin primers;
Al-1, A3-1, A16-1: Trans-sense CjAPL1 plants amplification with gene full length primers;
Al-2, A3-2, A16-2: Trans-sense CjAPL1 plants amplification with Hygromycin primers.

Fz 111246 CJAPLL HE[X PCR %7€ My BHPERIAEAK, Southern A 5 A o — 2%ty T ARHE A
PIREAR AT J Jo 2ty tHIL (&1 6D, IX - ICIE S 1% AL DY 28 D e N AU R T3 R A v

M C+
23.1kb —
9.4 kb L

TA1  TA3 TAl6

6.5kb — GuB : I
=

4.3 kb - =

2.3 kb -

20kb — # &

B 6 # CjAPL1 IEXCERMEIF Southern 4l
M: A-HindIII5 1 HbsiE; C+: PHMEXS B C-: BIVEAIRE:
TAL. TA3. TA16: # CjAPLL BHTERIRE,
Fig. 6 Southern detection of transgene Arabidopsis thaliana with sense CjAPL1 gene
M: A-HindIII digested DNA marker; C+: Positive control of combined vectors; C-: Non-transgenic plants;
TAl, TA3, TA16: Positive trans-sense CJAPL1 plants.

25 #EIZETE CJAPLL EEMBIEFTRET L

PR AL B 1P H 285 PCR % (1) 55 R e 7+ EAT SARRISOR, 28 2 ANHEAR IR IS SPoi AL 5%,
AT T RE WL . 15 WP AE R g T AR 2 R A 2 AR I BL G2 1 4 K, e 4 B eSS
6 MOFIMERS 1 M (B 7, A), REIFEEE 30 ~ 50 cm (87, C). ¥ CjAPLL iF R HIE IFH 29
PRACIREEHT 6 d, JLAREEHT 7.d; MAME S B BERAC, A 13~ 16 mm, TAL/TIERG, HAelidE, X
A1~3 4 (K7, Do &¥fed T asE 2 MedE, 7 ~ 10 fbfss (Lrp, AR 12 BRA
A7 MUEES, 25 MR ELA 8 MkEES, 18 BREAT O MUERS, 10 MREAT 10 AkfESS), = FIfL = ATy
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N AR, B AGRE A A RR (K7, B). XKW AR CJAPLL 1 SCHE K790
F TR RIZGE, GRS R R A R R T W AR

1 mm

B 7 #UZEE CAPLL REMBIE T RE ST
A BPATI R IEAG: B: BE1LASAE CJAPLL SRR RS- 1E: C: BPAERURING I MIAR: D: % 1L2%1E CJAPLL JE KDL fg FFAE K o
Fig. 7 Phenotype change of the transgenic A. thaliana with sense CJjAPL1 gene
A: Flower of the WT A. thaliana; B: Flower of transgenic A. thaliana with sense CJAPL1 gene; C: Plant of WT A. thaliana;
D: Plant of transgenic A. thaliana with sense CJAPL1 gene.

26 HEFRERLHRAEEESHT

X148 PCR B Uk 4% 11125546 CJAPLL 1E SCREDE (40l p AR R AL A3 Rl AL6 AT T 96
H PCR K, Jorb AL REARAE IR P AEARRT 7 d, TE2S BN A0E 2 NEAE, 10 MOlERS, 2 Rife
A ARG A3 AL I BT A BT 6 d, s B LG 2 NMEAE, 8 MURERS, R FIAEIES N 4 #L,

AL6 FERAE AR A R 7 d, fEds B AdE 2
ANEAE, 7 MUMERS, R RIAEIES O 4 .
Kl 8 P, HALDREARH CJAPLY KL )ik
RO MR T 2T, R AL PR
FEXTIAI 25 %5 oAy, IX A5 R ] CJAPLY 2]
NPT 2] T AR RN, 54
FICLI A8 B B 1 2 W] W iRk (AL
A H ARG 2 D I RERE (A3 FTALG) 1
FIE 5 R IR A, AR B RS b
WA R I R IE R

M RER

Relative expression level

0

30 r
25 ¢
20
15 ¢
10

5+

S i I
SFHR Al A3 Al6
Control

8 CjAPL1 BEAE#EREBI EIFhrRIA

Fig. 8 Expression level of CJAPL1 gene in transgenic

CjAPL1 A. thaliana
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3 g

SEPRIE R IE SRR SE R T RE 0 FH O, e W B Tk — AW
KK pCAMBIAL300 ik 348 1 i) 2 4% pMD®18-T Bt s —%%, [N T EcoR 1 JGin T
CaMV35S Ji3 2 A1 Hind IIFT¥S N T T-Nos £ 1E7, £00F [ 82 31 pMD®18-T 444 L (1 5L [H e 31 m]
DL E D) Ak kT, T AT 5 B TE . A S s R R A, ST AN
BHMABGFOIN 25, AP E 7 BRI 3 Kb, 7 X RIS A . Bk b a
FILIN AT DL T A MR O Pt IR , LI ok 2 2 PR O e i 2 PCR Al 98% LA 1
I BIVERIRE, HefbZm. Bk, AR 1) S0E pCAMBIAL300 i 4 2 T8 B AR A ) 4 ok D it
FEHA T HAT V2 R N T 5

Hir, CaeMNZMmEmyt s 7T 58T RGN AP AR (Drobyazina &
Khavkin, 2006) , {H7EMLEANE AR S L 25 e b 2 25 21 CJAPLL JE IR Wi 1 I . ARIE AL B R & 1)
“ABC” BRIHLIE, A BRI AT IEMEE 1 502 v A S 2 30 e ik28 B K & (Coen & Meyerowitz,
1991; Gregisetal., 2006), AWFFTH 4 CJAPLL 1F SCIHE PRI I FL g I+ 25 b FIAE 250 3 R A4k
(R 1200 6 R T AR IR, X 3R B SR DRGS0 1 v Ry AR I ok B B AT — e 1R 45 T
RE, FFEIERs R A KIEDIMTIfRE. RN, FERLDIRIRRE IR 2 (%, WF9TIE &
B, A4 APL [RIVESE R f¥) CJAPL2 JE PR (4 ik DRAE AR M R D0 HH eSS 3 22 (L% (phidi g, 2013). %
T1li%% MADS-box ZK % APL B[R Dy g B AT AN 1] N 64635 T 28 JE (W L 5, 70 HAR P b o A7 Pt
. Kim % (2005) MEHIEE (Amborella). J\fJE Cllicium). AK>2J& (Magnolia) %5 REY
Fhrh vl T APL [FIEIE R, 286 & PCR AR 24 AC 45 A BondE Bk iFieh, APL [RIEZE X 4
ARG TR R F R R R WEEM . B4 s (Petunia) FIEESLSK)E (Aquilegia) &
B ZI1¥) 2 4> APL/FUL [R5 S RS e i 0 =40 sl DU R T6 28 T R 3 A4 ¥ Dy fig(Litt & Kramer, 2010).
P, 4R 2 APt APL RIS (R IAHR I T A ST A LS B K E “ABC” BB s
A BRIV IhEE B2 R . BhAh, BT AeAEE TS IGO0 B RN R A R A
BB, T LA BRI MR AL G 2 Nk CJAPLL JEBRS A 145 B B BRI A T il Gl AR
HAE OB L R, AR PTAESE CJAPLL i R 452 1 1) 4 T8 A8 (R VOIS o BE LA RR I 4 2%
F B R FAE AT S8 R Bos b, DL TR BRI . X SRR A A Bl 6 APL 5K
TRFE DR A A S 2 R I, LG B DRI AR 2 SR IUA R MR AR AR T, fe P 0 B k>, 250
) H 25 47 /4% (Chung et al., 1994; Pelaz etal., 2001; Fernando & Zhang, 2006; #f3C 4%, 2007) ,
X 5% CJAPLL JE K M RE L BUAIY) 45 . Kavai-ool 25 (2011) F 1L 7+ APL L PRIAS [|] 45 Ry 1 5 AR
IR 7R, apl-1. apl-3 Fil apl-6 SRR BAL IS AR B AR B (Auds i) Sk bR, X
WAUESE AP fEfbds B R B RS T EE M IREAEM (Litt, 2007) .

AR TT AN B R AL 51 A R AT APL BRI D e fe it 7 AR 4. WFC kB, fUm T APL
L DRI T 2 o R DAL PR 0 ) T R R AR B R B IR, 23— W s i R e 2
Ko WA ERREEIEE . XRY, REARMFUESE T CJAPLL JERIX T4l rg S e 48
REAAWRRREER, AETHYERETRRELEZEEMNZEEEGRENS R, CJAPLL
FEPRITE L 45 A6 T AR B B A FH LA 75 38— 2080
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