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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 CJAPL1, 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 CJAPLL 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) AL[AJE MADS-box JE R 5% A 2RV Kji% APL/FRUITFULL (FUL) -like H7E
aE K E WAL, 78 LEAFY (LFY) SEIERM Rk, SR ITee o B 12U A fe R
AU PR A LN 2 — (Ng & Yanofsky, 2001; Nam et al., 2003), 1992 4£ Mandel %5 (1992)
XML T o0 2 T APL JEK, JE41 20 Bk BHZIE 57 MADS KGR E 45 #4935k, L mRNA
FIETKPAE FIAI AR RO R e — 3, BHAE A SRR 1 R T e 2 40 ] 7 2 BRI AL, XK
Wi A SRERRDO T2 M e k5 R SR o 7 APL BRI AR, s flide 7 AR A
IEHKRE, Ml —Lfe B ey, JEHIE AR T 5 H WIS (Bowman etal.,, 1993). {H
fE4fa 7 (Antirrchinum majus) 7', AP1 [A]J5JE K SQUA 5848 5 FFAEIRAL R Bl T A 45, IxXeegt
WY, APL JERIE — AN 2 SEPR 2 I o, 355 DR ) aok AN [) P i 42 D9 244 S 0 1 APL i [RIFE A ) A Y
%215 (Parey etal., 1998; Wagner etal., 1999),

Hir A XTI 4E B REEHNAEMES I rh RIAM U ikiE, Wit Cjglol. Cjglo2. Cjdef Al
Cjtm6 J RN FUL g T 1Rt A% Ak S I BE DR AR TR 0B, BF9E T 1L 2% 46 B 2RI Tk & I i 48
PEF CRERl, 201D, IIZSAET 2 B ) CJAPLL 2 APL RIS LD (phidlh 25, 2013) o AW
UK RS IR 2 Ak, Gl LA AE CJAPLL ZERLRG IR ) 1E SCRaE, BFTiZFE RIS T-4E 2%
HRE WA, DR L e e R 8 A D RE .

QY i SRS DARF

1.1 ey

YRIG T F 6 5k R DA Rk B146 L E B 2 AU 3L G 7T (Arabidopsis thaliana col-0) . 11145 4¢ CJAPL1
LK (GenBank &3k '5 JX657332) HIfE# 2011 4E5afe (philidf 2%, 2013), AAFHE GV3101 Flfd
YR IEF AR pCAMBIA-1300 (E28808E, K 1) HASSZE = 6] & FLRAT

Sacl Kpnl  BamHI Sal 1 Sphl

Sma 1 \M] Pst1
EcoR 1 \\ / / Hind III

LB Hygromycin CaMV33s CaMV33s NOS-Ter REB

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

KIGFF &2 &40 E. coli DHS0. pMD®18-T #AAk. I FH BRI VERZ IR A Il . 56 i B s s
IR BRIt 58 B VIR 718 SYBR® Premix Ex Taq ™ I1 1 [4 K% TaKaRa 2. kX Hi%) DNAout
2.0 TG T b 5 R PR SE DR AT B 7] o M (RIS G A SORL /N 2 DGR & B Axygene
WAAF . PCR G IbH S B AY AR ARG W7 e A R 58 B
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1.2 REAHZE
12.1 WLZRFE CJAPLL A B i SUR Sk B kA 2

¥ CJAPLL HE[A 42K 7 ) TA 5% 2= pMD™18-T I3 1A, 4 “Ci%EH% 12 h 5 #5462 KT i E. coli
DH50 &322 41, D) 56k 5 6 5 20 5ORCI e 50 E 1E 4 B . BamH T A1 Pst T 43 71 XU )
pMD-CjAPL1 T4 FUki il pPCAMBIA1300 #/&, T4 DNA Ligase Bi%4% )5, Fk#:4L E. coli DH5a.
pCAMBIA1300-CjAPLL F 41 IR K FH BamH T F1 Pst T XUAGD) 50 1E
122 RHBANFH @IS

& H IR p)CAMBIA1300-CJAPLL T AAFALARFT B GV3101 B &AM, Bk
T 50 pg- mL! RAREEZE (Kan) 150 pg - mL™ FIFEF (Rif) XPLPERFER; IR |, 28 CH
R TR 2 d oAy PREL A AR s A0 1, T CJAPLL JER 4 K514 (2 1) PCR ¥ BAIGAIE . K& XL
Putk LB AR TR 0, R B A B R BB R (121 CRIIE M) 5%REHEK,
SilwettL-77 &% H 0.02% ~ 0.03%) I3 ODgoo= 0.9 ~ 1.0. K5 BIERTTAEAE 2 K 53 (9L T 46 e
BB TR EZ MW EN 1 min, (REBEREAM IR 24 h, ARG E TR = PIT IER IR

BB 4 ~ 5 d 05 1 AREEEIRBLR TR T2 70%IFP9RE 7 2 30 min, 3% TSA &%

(RWRSE 20mg - L) 1 1/2MS B 7738 FRETPUMEIGIE, & HATBUR FREIEH B K.

123 #AE I PCR 5725 %Az 244

AL HEY) DNAout 2.0 37 S UL LRI B SRk DNA, DL A7 28 SE DR e 5 | ) FH R R
SREERGIY GE 1D 20588, 0.8% ~ 1.0%Z5 TR e R DU 4% FE DA vk b H R SE R AT L. R
H] DIG High Prime DNA Labeling and Detection Starter Kit I 5] 517 4 FE R AR 1) 428 %508 - $LFe
TFRANEAE CIAPLL JERIA Y, SR IE APL, XPAFEN TR P FI7E 67.9%[1
MBI, Bk DA AR 1 92 % 2 B 51 I BEAE CJAPLL Al APL AR 1 X ek o 5% 0 5 1 I B s I
JS TSI 25¢ 5 72 B PCR AR RO WA 6 vt B P B4 o M8 A0 cDNA FE &1 3 IRER, [ WATE
ABI PRISM 7300 Real-Time PCR System {¢#% FiAT. SKH 20 pL K5, WL E RNV : 95 C
40s; 95°C7s, 60°C42s, 3540 MEFK. AL PRI 24T ik,

#1 WFCAPLI BEREEMRESWATASIY

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

GIL R SIFEH (573D Fi

Primer name Primer sequence Function

P-1 GGAGACCAAGAAAACAAGAGAGAA AKJFFYH Full length amplication
P-2 CCTGAAACTTATCCATTGATGTGAC HILPIREPE PCR 30iF Transgene PCR
18S-1 GACTCAACACGGGGAAACTTACC WS KR4 Reference gene amplication
18S-2 CAGACAAATCGCTCCACCAAC

Y-1 AAGGAGAAGAAGGAGAAGGAACAG SIS E  PCR

Y-2 CAAGGAGTGCAATGACTGTGAGATA Real-time fluorescence quantitative PCR
Hy-1 GCGTCTGCTGCTCCATACA B Y WAL Hygromycin amplication
Hy-2 TGACATTGGGGAGTTTAGCG

2 HiIR5 0

2.1 pMD-CjAPL1 EH#H K

¥ CJAPLL JFEPHF%1 TA w3 pMD®18-T #fkh 5, VAR B, LLAK 514 P1/P2
BT PCR §73, $ H B4 IR s e 50U 7 ) (B 2D, W25 15 CJAPLL JE K751 (774 bp)
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SEAWE, W] CJAPLL JE A C I i) 5 e 21 b ) 2 f4 pMD®18-T H.,

2.2 WIZTE CJAPL1 E R IFE X RIES K

pMD-CjAPL1 1F i) 20 244 i L 2548 CJAPLL KE[K 5 pCAMBIAL300 #AA B4 5, #4H FokE
FH BamH T 1 Pst T XUEG VIR UE, U)N /N BER/N (774 bp) 5 CJAPLL &P 7 BEK/IMETF (K] 3D,
W] pCAMBIA1300-CjAPLL #¥)IE SR IE B AR i BT o

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> HEFrvfE DL2000; 1: PCR ¥ #4747, M: 27 EArdE DL2000; 1: pCAMBIA1300-CjAPLL 4] ik
Fig.2 Amplication of pMD-CjAPL1 recombinant A; 2: pCAMBIA1300-CjAPLL 20 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 WIFTE CJAPLL EFE E X FRIZH AU KITE
pCAMBIA1300-CjAPL1 2] JFkL % 1k 4

R, ” 2000bp —
FFBE GV3101 J5, BRI (6 3 i % DL A K| "
Y1 P1/P2 AT PCR 1Y, #3845 K/ H 1000 bp —
R BR300 (B 4) , 1] pCAMBIA- 750bp — — T74bp
1300-CjAPL1 1E RIEHE AR 4 i e Ab B4 500 bp
FE GV3101 H.
e | e o e Tl i 250 b
24 WIZTE CJAPLL EEZ LB HLE ’
o N . 100 bp —
FIHAE AR 445 2 e 7+ CJAPLL
SRR, 24mEE 0mg- LD ks, $15 B 4 pCAMBIAL300-CIAPLL Ri& Bk RATH
" N . X . #UFH PCRETE
e A J g It bid)
% 1 AU CIAPLL JEIIUTERbR 65 B IR M: 4 TSRERE DL2000S 1+ ACHTEFELT PCR 740,
%1&%@5@%%5@%%1@7’%0 %EX DNA Elﬁ Fig. 4 PCR products of agrobacterium with
?f%%{i*ﬂ{ﬁﬂ%%%ﬂ‘]ﬂﬂ%?fio EH 5 ﬂ pCAMBIA1300-CjAPL1 recombinant vector

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

oo PUMEAERR R S04 3 BREGEE DR AR Y 489t T
H AR DR R e 2 R D R e 2, ISR
ARAFBHPERL AR A fUL R I A B R R, 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: 73 FibafE DL2000; C-1: VxS ML K1y i, C-2: BIvEx B & 525 191,
C+1: BHPEXT RN ARG, C+2: B W% 25191,
Al-1, A3-1, A16-1: FIEDIRIBRAKILN 519594
Al-2, A3-2, A16-2: BEALDREPRWNE RS9 4.
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, Al6-1: Trans-sense CjAPL1 plants amplification with gene full length primers;
Al1-2, A3-2, A16-2: Trans-sense CjJAPL1 plants amplification with Hygromycin primers.

el Z54E CJAPLL JE[K PCR %652 N FHTERIMERE, Southern 2438 J5 AR s P — 4577, T JE#% 3%
MR ZSAS SR TE A B (B 6), X FRIESEiZHE N © 48 T NAD g I R 41 v

M c+  C-
23.1kb —
9.4 kb L

-

6.5kb —

TA1  TA3 TAl6

4.3 kb - e

2.3 kb -
20kb — # =
B 6 % CjAPLL IEXEFE#REFT Southern &
M: A-HindIlI4FEbniE; C+: PAPEXE; C-: BHPEAEAK;
TALl. TA3. TA16: % CjAPLL FHY:HIK.
Fig. 6 Southern detection of transgene Arabidopsis thaliana with sense CjAPL1 gene

M: A-HindlIll digested DNA marker; C+: Positive control of combined vectors; C-: Non-transgenic plants;
TA1l, TA3, TALl6: Positive trans-sense CJAPL1 plants.

25 #EIZET CJAPLL EEMBIEFTRET L

PR B 1P H 285 PCR %5 (1) 55 R e 7+ EAT SARRISOR, 28 2 ANHEAR IR IS SRR R 5%,
AT T AR R IE R . 15 P AE R g T AR e tH A 2 AR IR BL = 1 4 M, el 4 B eSS
6 AFIMESS 1 M (&7, A), RIKKRIEE 30 ~ 50 em (] 7, C). ¥ CJAPLL IE SR LI H 29
PRAEIRERTHT 6 d, JLAREEHT 7 d; MK B BERAC, A 13 ~ 16 mm, TAL/TIERG, HAETiAE, X
A1~3hmt (K7, Do &FfEa TS 2 MerE, 7 ~ 10 #bfEss (Lrp, AR 12 BRA
A7 MOESS, 25 BREAT 8 AHERE, 18 MEEAT 9 MUMERE, 10 MR 10 AEEED), = B R 1))
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BN 4, EE R AGRE A PR (B 7, B). IXRWIH A CJAPLL 1FE SCHE A 719U
F TR RIZGE, GRS R R R 2R T AR

1 mm

mm

E7 #HLZFHE CIAPLL ERMRIETF RS
A BPAETIRETTAE: B S61LZR4E CJAPLL JEU NG I 4E: C: BP/ERUUIRIIFHIRR: D: ik de CJAPLL JE KUl g At ik .
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 HEFRERIHRAEEESHT

X148 PCR B Uk 4% 1125546 CJAPLL 1E SCREDH 40l p T AR IR A1 A3 B Al6 AT T 590
B PCR KGN, Jorb Al RIRRAE IR B AR AR AT 7 d, JE2S B0 2 ANEAE, 10 MOlERS, 25 Rifel
TN ARG A3 FEMAE I BT A BT 6 d, feds B AUHE 2 ANMEAE, 8 MUMERS, R FIAEIES N 4 #L,

A16 FIHRAE AR A= R 7 d, fEds B AdE 2
AR, 7 MUMESS, R RIAEIES A 4 M.
Kl 8 Prow, HeAEDMAEARH CJAPLY L[N )ik
RO AR TR TR, RS AL REAR
SERTIRT 25 {5 oAy, IX 7853 R ] CJAPLL 2]
AN I a2 TSR, [FIRE, R A
FOICLIN A4 B B 1 2 W] W iRk (AD
B BRI 2 BUD RERR (A3 FITAL6) [
FIST D ER SRR AL (e R R A R E
WA R R R IE Rk

M RER

'Tg 30 r

0

= 25 +

<

%20

2

g 15 -

>}

g0

0 & . . . |

SFHR Al A3 Al6
Control

8 CjAPL1 BEAE#EREBI EIFhrRIE
Fig. 8 Expression level of CJAPL1 gene in transgenic
CjAPL1 A. thaliana
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3 e

SEPRIE R IE SRR L SE R T RE 0 FH v, el N B Tk — . AW
KHIH) pCAMBIA1300 65348 o i) 25 4% pMD®18-T Bt 55—, [N T EcoR 1 JGiin T
CaMV35S Jizh 71 Hind HIFGT N T T-Nos £1b1, Z01F 13445 8] pMD®18-T 4k HL LR 351 7]
DL E B D) APk Bk, T AT 7 S E . AN A s R R B, ST AN
BAMABE DI 25, PG4 F R B0 B/ INAE 3 kb, T EXAEI AL Ak . ik Ll 57
FIED AT DA B T e AR RR (R ot i ok, FLIE o ) B S5 POk 0k tH i H b & PCR A 98% L I
IBHPEREAR, . Bk, A s pCAMBIA 1300 i 43 18 24T 40 e L PR Tt
FEREAL T BAT )2 (0 N T 5

HAr, MMy hwlZs 7T 58T KM AP [HJEK (Drobyazina &
Khavkin, 2006) , {HEMEMER w126 40 2 1) CJAPLL BEPH W& 1 Ik IRYEAEds B R A& 1N
“ABC” B ES, A FIERI AT IEAEIEE 1 #8250 ISR 2 56 I8s B K B (Coen & Meyerowitz,
1991; Gregis etal., 2006), AHFFTHE CJAPLL 1E Ik DA (400 g T2 A R e B AT ke A 201k,
HE R i 200 B R T AR IR, X 3R W 2 SR RO 150 vk A 1 ok R AT — 2 i T
e, OEs e REBAIR A LN ThAE. RN, Bk AMOE U ES I 2 B, WFtiE R
L, [F2A APL [RIVEE R K] CJAPL2 JE PR [ 4k ik RAE AR M R DU HH IS 3 2 (L% (P, 2013). %
Tl MADS-box Zjik AP KK D e H A AN 0] N EE 1628 TF 4L J ISR, 7R LA bt A B
. Kim % (2005) MEH#EE (Amborella). J\fJE Cllicium). AK%2JE (Magnolia) % REY
Pl i B 7 APL [RIEIEIE, 980 i PCR FRAT 4948 45 A0 Bon e ik fhrb, APL [RIJRIE X 4
BALAS TR R R G AR B E . A4 E (Petunia) FUEESLSE)E (Aquilegia) W&
B ZI1¥) 2 > APL/FUL [R5 RS R 0 — A0 s DU R TE2% B R B A5 ¥ D fig(Litt & Kramer, 2010
AL, B A 2 SRl APL RS R R A H L T A2 AIEa B K E “ABC” BB
AL R TIEE L2 AR BeAh, TR T MESS ARG 2, O B N A ) A
BB, T AN BRI MR AL A B 2 Nl CJAPLL JEBRS A M4 B B BRI T il Gl AR
AR A BRI R T, RATREZ CJAPLL JERIRE 1 (n) Fe IR AR (1 RS o FESEPRIRR TR
FEE R FAe AT S8 R Bos b, DL TR KBTI . 1K P RER A A Bl 6 APL 5
JERFEDR A S 2 I, LG SR DRI AR 2 SR MU R R AR AR T, Je P B0 B k>, 25
[F) P 29 454545 (Chung et al., 1994; Pelaz et al., 2001; Fernando & Zhang, 2006; ¥4l %%, 2007) ,
X s CJAPLL JE A AR E AUAHYI & « Kavai-ool 25 (2011) X THUEGIF APL JE PAIAS [i] 45 Ky el 58 A%
WIS N, apl-1. apl-3 Al apl-6 SR HI AL AETA A B (lede i) Bt b maRm, X
WIUESE AP fEfbds B R B R S| T EE RSN (Lit, 2007) .

AR TT AN IR AL 51 R AT APL LRI Dh e de it T AR 4. WH9CR B, fUm Tt APL
DR300 3 A2 I R R PR o T R FE R AR B R B A, 3P s i R
K WMEWESERR IR T NI XERW, REARPTTUESE T CJAPLL JERN T4 rE S e a8 T
REAAWHERWREER, AETHYERETNRELEZERMNZBEEEGRENS R, CJAPLL
FEPRIAE L 5 A6 T AR T B IR FALBRIE 75 38— 2080
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