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T F5e 5 W KRG 14 7 iV E K H P, GmSPLYd
(AtSPLI/15 By [R5 85 11 ) 5 WUS(WUSCHEL) B
VE Wip 1 8 45 K Y A3 B S A B 5 T K
fziuslo

#4247 (Petunia hybrida) R iR 26500 @& 1) — |
TR RARAESE AR AR AR B
KAEIRZ T, HETRHEEE A R R AL Tl
N = TR (19015 7 2 i B2 0L )| ook )
A PR, Morel 2517 % B A - AP1/SQUA T 5 HY
441 B PEG . FBP26 .FBP29 il eu AP1 #RE 1 12 JF
16, E1 FH 8 B 7 7F 22 5 5 Preston %5 f 5% % BX
PhSBP1(PhSPL3) 1 PhSBP2 (PhSPL4c) A [7) F2 &
Hi A E R 42 2R AR e e, H PASBP 1 IGE R A i #
%o WHEZH AT I BT 9T & PR miR156/157 I ) 35 43
PhSPLs S& R 85 3% 7% 4R Al g 7 P AE 20 (H AR
S22 1t 16 MR A B MR 88 PASPLs J& R E 4% JF 46 14
AN, L, T HEADSE PhSPLIb 5% 5% K 17
B A AR e P R AR 5T SERE T PhSPLI9b
FE DR, el 5 DR 25 40 R A SRR R M R A T 0 A A
AH G 2% AR 43 00 B A0 0% 22 A LB 7 L DL 4B R
PhSPL9b {ERE# 4 AL A5 i 9 VE T -
1 MREF=E
1.1 KRR

PL#E %2 /F W115 Bk & (Pewnia hybrida var.
Mitchel diploid) 1 B 4 %1 (Col-0 4 45 74 ) $ g I+
(Arabidopsis thaliana) N5k o 25 4 PP T
Harp ol KA ST IR =, A, LR T AR
FE TG RREE SR A G REREE 2 000 1x .16 hotfid/8 h &
I, IR 21~22 °CL 1B 75%) .
1.2 PhSPLO9b X FIXHAEMHE

MR P 9% A2 4 3k DN 21 R0 S 2 B K 1Y
PhSPLs 3N B I B S 519, UR A E AR
] 2 ZUER A (TR AR cCONA S AR, FH & f B 1
JF3EkE PhSPLIb FEN . PCR W 444 98 °C 2 min;
32~354F#F:98 °C 10'5,55~60 °C 155,72 °C 1 min; 4
FEAH 72 °C 10 min, {3 4 °C 10 min, I FTCiR)E , fd
FH Sal 1 1 BamH 1 43 5 XU V) & PRSPLIb 1
pMD18-T Fl 8 #) 3 ik 2 & pCAMBIA2300, 1] T4
DNA ¥ 42 Jipf H 0 55 8] 3 42 2 R 0 22 a8 44, F
35S: : PhSPLY9b ik a8 AK . [, F JH 8 S 4 fif
PCR 7% PASPL 96 (/) miR156/157 #0407 i k47 5 98
A5 . H GGTGCTCTCTCTCTTCTGTCA % 2% %,

GGAGCGCTATCACTGCTTTCC, # # 35S: :
rPhSPL9b 3 ik Ak, B AR #2 4F il PCR 2 1 4% 14
[

PL 35S+ : PhSPL9b JG R A B , e F A &
EcoR | # BamH 1 T Y1 £ 53 09 %5 5 51 ) 50 P&
PhSPLIb A, P TCER)E i EcoR | #1 BamH 1
O3 XY &5 A48 PhSPL96 1) pMDI18-T 5 i £ 3 35
#HAK pGADT7 F1 pGBKT7, JH T4 DNA % 2 il 5 X
fitg 1) (1 235 48R 5 B 3k N % 2, # pGADTT7-
PhSPL96 1 pGBKT7-PhSPL9b F3k#384%K .

JIT A A R ) SR AT i PCR ARG i 15 K Xt 1]
HEATEIE. TSI W3R 1.

1.3 BREHEUREERBERNEE

4 PhSPL9b 1 rPhSPL 96 F R 36 35 5 AR JFORL 3
AL 2 GV3101 M AGLO ARHT 1 , i 46 2 Yt
TR 5 A A1 A3 N B AL A R T B A A | IR 23R
PG L D MR, BBV 13 IR Zhou 25119200 4k
FEALRR R B 2 X CTAB 2 BUR AL A AR
DNA, H145 5 519 35S-F fil PhSPLIb-R (short) #£17
PCRAGIM , i 1 5 5L DR BHPE R 2
1.4 HEREEKRERBELEE

TE AP I e B DR bR 2y, R ATE 2 5 DR AR R 11 %
Y AR R 3T G 3 140 B LUy T AU
DR 2 8 5 AR H RO E IR R A B 5
MREARANEE 1 em =B, ST RS R R 35 MG AL
PR RR (TR A, AN A6 [R] |3 38 -4 B s
AmH .

TERE 2 R R R bR Ry, B 2R 45 4% 3 bk
PR BEORIRN T AR5 3 A AR B R AR FE K B R
KT R . ZPCREES, BN EILHKR RS SR
T 25 MR B DR AR (T A8 I R 8L, Jn R A6 B[] A
L7 AN IS A AN i e 1 SR S = R o B
1.5 HEFEE PhSPLI EERIEZENH

FEAL R I, 36 BLIR] — B Y CK (%5 2k pCAM-
BIA2300 4 4k Col-0) A FF AL (1 2 i A1 T X 35S -
PhSPL9b F1 35S : : rPhSPL 95 1l 2 () % JL PR A Mk 5 78
WA A e BUIR]) — A 9] CK SR FFAE I A T2 28 A1 T,
f 35S : : PhSPLIb C 40 At AL 7 B TOUZE , 43 5313 3k
RT-PCR fl qRT-PCR 4l PASPL 96 TEAS [R) %
WRTHRBEEN . BIRRINEYEEL .
QRT-PCR B RAR Z R 10 pl: 1 pL # B 10 £5 A9 %
B 778) (cDNA), 5.0 pl. 2>X SYBR Mixture, 0.2 pL.
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Table 1 The primers used in this study

5|42 FR Primer name

51917 %1 Primer sequence

JHi& Usage

PhSPL9b-F
PhSPL9b-R
rPhSPL9b-F1
rPhSPL9b-R1

GTAATGAATAGGCACTTGACGTCAG
GGCCATTCGTCGATAGAGCC
CAGAAATGGAACTAAGTTCAGTTTC

GGAAAGCAGTGATAGCGCTCCACTGGAGCCTGAGGCTCC

PhSPLIb 4K sl
Full-length clone of PASPL9b

rPhSPLIb ¥i— Bt il
First segment clone of rPASPL 96

GGAGCGCTATCACTGCTTTCCAATCGGTCCTGGGAAT-

PhSP1.9b-F2
TPhSPLID CAAG
PhSPLIb-R2 GGCCATTCGTCGATAGAGCC

PhSPLI9b-F(EcoR | )

PhSPLI9b-R(BamH [ )

CCGGAATTCATGAATAGGCACTTGACGTC

CGGGATCCTTAAAGAGTCCAGTGAACAT

rPhSPLIb 55 — Bt vi b
Second segment clone of rPASPL 9

PhSPLIb 5, FRIZ A FFVI (L 87
Full-length clone of PASPL 96 with underscores
as cleavage sites

R P T B AG N

Positive test for E. coli colonies

PR TRV B AG N

Positive test for yeast colonies

I R PR AR FE P A )

Positive test for transgenic plants

RT-PCR ¥ qRT-PCR 7|4
Primers of actin genes by RT-PCR and qRT-
PCR

M13-F AGCGGATAACAATTTCACACAGG

M13-R CGCCAGGGTTTTCCCAGTCACGAC

AD-F CTATTCGATGATGAAGATACCCCACCAAACCC
AD-R GTGAACTTGCGGGGTTTTTCAGTATCTACGATT
BD-F TCATCGGAAGAGAGTAG

BD-R GAGTCACTTTAAAATTTGTAT

355-F ACGCACAATCCCACTATCCTTC
PhSPL9b-R(short) CAACCTTCAACTTGACATCTAGGTG

PhEFla-F CCTGGTCAAATTGGAAACGG

PhEFla-R CAGATCGCCTGTCAATCTTGG

AtEFla-F GCAAGATGGATGCCACTACCC

AtEFla-R AGTGGGAGACGAAGGGGCT

qPhSPLI9b-F TTCCTTCAGGAGACTGTTTCCCT

qPhSPL9b-R CTGCTGCTAGCTTCATTTCCTTTAA

LRSI A 0.2 pL R 5149 (10 pmol /L),
0.2 pL. ROX, 3.4 pL. ddH,O. RN FEIF R : 95 “CHIAS
P£ 2 min, 95 ‘CAEM: 55,55 ‘CiB 2k 34 5,40 IRAEER, LA
IR IF ALEF la FBEAE 4 PhEF lafF NS H 2
1.6 BEL PhSPLObEFRHFBEHFEL T

% pGBKT7-PhSPL9b F1 pGADT7 . pGADT7-
PhSPL96 1 pGBKT7 . pGBKT7-53 #l pGADT7-T
(BHPEXT R ) B pGBKT7-Lam Ml pGADT7-T (BAE X}
HR) 20 & 43 590 % Ak % BF T bk AHL09, 28 SD/— Trp/
— Leu i & K BA P60 J5 , 7€ SD/— Trp/ — Leu/
— His/— Ade i % . ¥ 25 41 G 19 PH A% 18 9% 78 SD/
— Trp/— Leu W #4 55 #% 5 30 °C 220 r/min 1 &
24 h, Fis B J5 il H: ODgoo=1, B i £ 3 500 r/min % I
B4 min J5 3 B, ddHLO BB R, TR 2
i 44 TRV B 1 5 vk BE A L P10, 10°,10°1 .10
F10°%, A4S Ve B B0 B 1 T 45 B 6 L 5T SD/
— Trp/— Leu/— His/— Ade/X-a-gal (16 ng/uL) [#
PRBEF AL, 30 “CHE GBI B F 3~5 d, Kl PhSPLI9b
) SRR R

2 FERESW
2.1 PhSPLO9bHYEFE &1

740 53 BT 45 51 71, PRSPL9b K& [H 4t fith X K B
1125 bp, 4wfish 374 MR R . 5 REAE R A 5L
P & B, PASPL9b & A 3BT, 2N &
T(E1.

389 bp

140 bp 596 bp

PhSPL9b

= 5hEF Exon — & F Intron
El1 PhSPLIbEFELEHE
Fig. 1 Structure of PhASPL9b gene

2.2 PhSPL9b RixHIEHIHE

Ze PCRY 1 P UEGY) 4 255 A0 3R, 52 A
Y1363 Bk 35S : PhSPL9b 1 35S : : rPhSPLI9b | %
B % ik # & pGADT7-PhSPL9b 1 pGBKT7-
PhSPLI9 (AR (I 2A) o WUBYIS6E 25 F 2 00, fir
AR (K 2B) .
2.3 PhSPLObBEFHEHRELE

¥4 35S : : PhSPL9b 135S : : rPhSPL9b #4433
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Sal I BamH I
—| P nos H Kan R l—.—‘P3SS promote1>—L‘ PhSPL9b }—l—.
Sal T BamHT

—| P nos H Kan R l—.—‘P3SS promote1>—L‘ rPhSPL9b }—l—.

‘ EcoR I BamH 1
—{ Paos >—] Ampr |_._{ PGADT? >_L{ PhSPLIb
‘ EcoR 1 BamH I
—{ Puos >—] kanr pGBKT7 >_L{ PhSPLIb
Marker 33S::PhSPL9b 35S::rPhSPL9b
i et !
2 000
e Sogmm
1 000
B 750

500
250

100

500

A PhSPLIb M 31k 3R 454 7R 2 K] Schematic diagram of expression vector of PASPLIb; B: PhSPL9b #H 3 3¢ ik 48 M XU VI AS: I 121

Double digestion diagram of expression vectors of PASPL9b.

B2 PhSPLI9bHERFRIEHFME
Fig. 2 Construction of PhSPL9b expression vectors

AL 2R AT GV3101 AT AGLO, il B PR Yk #R AR (K 3A) F1 34 M B4 A4 fL LI bR &R (& 3B) 5 3K
AL R IR I S AL B A 4 . S Kan TG Fl 15 39 AN L EE IF 35S rPASPLIb %% 3 R fk & (A

PCRAGI , 345 42 NN BEIT 35S« : PASPL9b e 3k A 3C) 1Elﬁl€ ﬁ%@%fﬂ%{m&m
Marker 1 2 3 4 5 67 8 9 101112 13141516 17 18 19 20 21 22 23 4 5 6 .7 8 9 10 11 12 14 15 16 17 18 19 20 21 22 23
bp
2 000
1 000
750
500
250
100
B
Marker 1 2 3 4 5 6 78 91011 1213 14 1516 17 P CK Blank
7("(]()
C 1 000]
750)
500
250
100
Az 1~23, ARG ST 35S : : PhSPLIb 56 LR 5 35S 1 : PhSPLIb Arabidopsis transgenic lines; B: 1~24, ¥&#4%2f 35S 1 : PhSPL9b 5 5& [H #k

% 35S : :PhSPLIb transgenic petunia lines. C: 1~17, BARGIF 35S : :rPASPLIb ¥ FE MR R 35S 1 :rPhSPL9b Arabidopsis transgenic lines. P:
JURLBAPEXT HR Plasmid positive control; CK: %5 # A PEXT #E Negative control; Blank: %5 (% it Blank control.
B3 PhSPLOb %5 FE 8 ik PR A Tl
Fig. 3 Positive detection of PhSPLIb transgenic plants

RARVGEAT R, 724U R T % LU bR v, 36 B
35S: : PhSPLIb %% 3 [ T, AQ K Bk F0 29 £k 35S : -
rPhSPLIb %% 5& K T AR R 3R 9L B AE =AY, o
35S : : PhSPL 95 % 5 R AE Bk 1 ~F- 5 $E 1 FF AL B 8]
4.9 d, 35S 1 : rPhSPL9b %% 3 PR A 14 ~F- X5 $12 1 1 46
B 8.1 do GnlEl 4 FZk 2 fro, 35S « : PASPL9b %

FERBR R 213 219 21 vk 24 W Ay AL R A R
P 3 A 45 E R D |, R 13 bk R AR ] 4R T
5.6 d,#19 ¥k &I LI R HT 4.0 d, #21 Bk R AL
)3T 5.3 do 35S : :rPhSPL9b HEFE KR & vp , #8.
12 FN#26 #k R A7 B0 0 RAE R, H 5 H b
WE W (E S ML 2) H2E2AEMEH S CKAH TG
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543 3%

2R HhE8 bR R FFAERT 4R AT 7.5 d, #12 /R &R
FEAE B 148 T 8.9 d, #26 #k R IF AL I [ #2717 7.8 d.o
RT-PCR #l qRT-PCR 5 R 7R, 5 CK A 1L , 17
IFEFE R RR 2 R PhRSPL9b ()35 i 445 1R, H&

358::PhSPL9b#13

N AL R B, Rl UL, PASPL9b
M rPhSPLOb i 3R 355 , Y al e i g o T 48, B
35S: : rPhSPLI9b % & I Bk & 19 & & Ik 35S -
PhSPL9b %% He ik 22 W] &

L] ‘!& $ : ) 3

358::PhSPL9b#13

£ 50 s
710 T 240 g 2
ck# s 3  HS g EE 5, gizo

PhSPL9b b H-%! S =il e 2o Bl . .
AEF 1o o 4 i = 2210
zed 2500 & 5 10
=z m i S S
=, 0 e 0

AN F&x & &R

EERE MR R HEEEPI R R FEIEPIR R

Lines of transgenic plants

Lines of transgenic plants Lines of transgenic plants

A~B: 5 5L A Bk 2 % (45 =10 mm) Phenotype of transgenic plants about 3-weeks-old (scale=10 mm) ; C~D: % 3 [H & &
PhSPL9b 1K ) 3 3k & Expression level of PASPL9b in transgenic lines; E~F : %% PRIk 2 A4 41l 52 i 8] 71155 8 1% i Bloting time and
number of rosette leaves in transgenic lines. * il 53 | /R 7E 0.05 f1 0.01 /K F [ 2% 7 B3, [, * and ** indicate significant differences at
0.05 and 0.01 levels, the same as follows.

El4 PhSPLObEBERIEINEIFRESH
Fig. 4 Phenotypes of the transgenic Arabidopsis plants overexpressing PhSPL9b

CK 358:rPhSPLYbH#I2 35S::rPhSPL9b#12

ot..‘”“'!!

£ 20 PhSPL9b
7 2 SPIL o »
CK #8 #26#12 Téﬁ 1 £ =
by O# K) &8 =S ;
R — — < B = E B2 Bl
“ i 2 8 M“"E £
ALEF | o K> 4 =7 Mg
== 9 = W g
T UCK #8 #12 26 CK #8 #12 #26 CK #8 #12 #26

L2 L A

Lines of transgenic plants

L2 LA

Lines of transgenic plants

FFE R 2

Lines of transgenic plants
A~B: % 3 A Pk 22 8 (F5 ] =10 mm) Phenotype of transgenic plants about 3-weeks-old (scale=10 mm) ; C~D: ¥% J& [K £k &
PhSPL9b R ) #% 35 Expression level of PASPL9b in transgenic lines ; E~F : %% JE PRk & (1) 3l 22 i 8] F115% )8 1 %4 & Bloting time and
number of rosette leaves in transgenic lines.
BEl5 rPhSPLIbEERIEINEITRE ST
Fig. 5 Phenotypes of the transgenic Arabidopsis plants overexpressing rPhSPL9b
TE 5 42 4 B HE DR Bk b, 27 Bk T AR 35S - FHtEZes . Jh#28 bR R AL R A 35, T AT A]
PhSPLIb ¥R I RRR ) T A R 42 CK BT, JFAERT  $287 9.2 d 27 R AR IFAEIS IR §2 77 6.6 d, =13 R R IFAE
TSR AT 7.6 d. WP 6 A3 3 R FE bR R  BEIIRAT 7.1 do RT-PCR Al QRT-PCR 455 575
27 F13MH28 A W B AL R A Hkke K5 PASPLOp W) R B KWk T B E /T

o AR i B AN A e AR S CKE A 2 CKOK6).
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%3
=]
L8 355 PRSPIOp 28 .g
b i
CK #13 #7 #28 X ‘é
B rhspLos I € ® O
roerlo N E %
s
2

DN B~ O

PhSPL9b g 100
z E 80
% 52060
o @ = D;é‘g 40
H 220
= 0
CK #7 #13 #28 CK #7 #13 #28
IR R HILE R

Lines of transgenic plants Lines of transgenic plants

A 5 3 R bk 26 7 Phenotype of transgenic plants about 10-weeks-old (scale=10 mm) ; B~C: # 3L H ¥k & H PASPLIb (¥ 3 ik Ex-
pression level of PASPLI9b in transgenic lines; D: ¥4 3L ¥k & A9 FFAERT [A] Flowering time of transgenic lines.
B 6 PhSPLIDBERIEBEFRESN
Fig. 6 Phenotypes of the transgenic petunia plants overexpressing PhSPL9b

%2 PhSPL9b ¥ rPhSPL9b B 2RI IMETTRE S 47
Table 2 Phenotypes of the transgenic Arabidopsis plants
overexpressing PASPL9b and rPhSPL9b

FEREM A H ZAEMEH

7 S FZ2 A /d
. Rosette leaves  Cauline leaves .
Lines Bolting time

No. No.

CK 11.5740.80 2.14+0.17 26.27+0.78
PhSPL9b#13 9.03+1.21" 2.03+0.23 20.72+1.53"
PhSPLI9b#19 9.964+0.78 2.24+0.34 22.31+£1.76
PhSPL9b#21 9.29+1.13" 2.15£0.21 20.98+1.62"
rPhSPL9b#8 8.86+1.53" 2.34+0.36 18.76+0.82"
rPhSPL9b#12 8.14+1.23" 2.37+0.10 17.3740.62"
rPhSPL9b#26 8.73+1.51 2.280.42 18.45+0.74"

T e a3 3R 7E 0.05 71 0.01 K 227 W%, FIA). Note:
* and ** indicate significant differences at 0.05 and 0.01 levels, the

same as follows.

2.4 SEFEH PhSPLOb B FEEEF AT
¥ Bk 40 4 pGBKT7-PhSPL9G+pGADTT,

pGADT7-PASPLI9b+pGBKT7.  pGBKT7-53+
pGADT7-T ( FH # % B ) & pGBKT7-Lam+
pGADT7-T ( B PE x5 BR) 43 5l % 4k 5] I BF T Bk
AH109, 45 % & 8, M ¥ X B pGBKT7-53+
pGADT7-T Hl pGBKT7-PhSPLIb+pGADT7 3 4%
J& WY W% BE A Y% /6 SD/—Trp/—Leu Ml SD/—
Trp/—Leu/—His/—Ade I 1E% &, 37 SD/—
Trp/—Leu/—His/—Ade/X-a-gal I & i 0 2 [
(# %) , M pPGADT7-PASPLI9b+pGBKT7 Hl pGB-
KT7-Lam-+pGADT7-T (FI 1 X I8 ) 2 5% J5 i 1 1)
O 95 AE SD/—Trp/—Leu b IF % 4 K, H 1E
SD/—Trp/—Leu/—His/—Ade N REIE % £ K,
ANfETE SD/—Trp/ —Leu/—His/—Ade/X-a-gal I
RAeERARN (K 7)., B, #fE PhSPLID & —
AN B SO -, AT O T U IR SRR T R
I

%3 PhSPLIb BERIEBEFRESIT

Table 3 Phenotypes of the transgenic Pefunia plants overexpressing PhSPL9b
R FEAERT ] /d LR 5 )32/ cm MRS A/ cm A H A/ em SIRER
Lines Flowering time Plant height Leave length/width ratio  Internode length  Flower diameter Number of branches
CK 65.81+1.64 60.8142.59 2.34+0.17 3.02+£0.23 5.31+£0.11 2.13+0.21
PhSPLI9b=7 59.234+4.32" 62.42+3.12 2.29+0.32 2.92+0.25 5.33+£0.32 2.36+0.23
PhSPLIb#13 58.724+3.57" 62.73+2.43 2.30+0.16 3.07+£0.31 5.30+0.41 2.30+0.16
PhSPLI9b#28 56.6342.90" 63.63+3.31 2.360.25 2.89+0.28 5.24+0.37 2.18+0.34
10" 10" 107" 10~ 10~

10' 10" 10™ N 0’
pGADT7+pGBKT7-Lam ;
pGADT7+pGBKT7-53

pGADT7+pGBKT7-PhSPLIb e

pGADT7-PhSPLIb+pGBKT7

SD/-Trp-Leu SD/-Trp-Leu—-His—Ade/X-a-gal
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Fig. 7 Analysis of transcriptional activation characteristics of PhSPL9b
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Cloning and functional analysis of PASPL9b gene in petunia

ZHOU Qin"*,SHI Jiewei’, BAO Manzhu®, LIU Guofeng®

1.Hubei Ecology Polytechnic College, Wuhan 430070, China;
2.College of Horticulture and Forestry Sciences , Huazhong Agricultural University,
Wuhan 430070, China;
3.Guangzhou Institute of Forestry and Landscape Architecture, Guangzhou 510405, China

Abstract The PASPL9b gene was cloned to study the role of SPL. (SQUAMOSA -promoter binding
protein-like ) transcription factor in the flowering transformation in petunia. Point mutation of the miR156/
157 target site corresponding to the PASPL9b gene was conducted to obtain #PASPL96. The overexpres-
sion vectors for 35S : : PASPL9b and 35S : : rPhSPL9b were constructed and transformed into petunia and
Arabidopsis. Transgenic plants of Arabidopsis overexpressing PASPL9b or rPhSPL9b and transgenic
plants of petunia overexpressing PhSPL96 were obtained. The results showed that overexpression
PASPL96 or rPhSPL.9b, especially 35S : :rPhSPL 956, significantly reduced the number of rosettes and pro-
moted flowering in Arabidopsis compared with the control (CK). The phenotype of transgenic Arabidopsis
with 35S : : #PhSPL 96 was more obvious. Overexpression of PASPL 96 significantly promoted flowering in
petunia. The results of analyses with RT-PCR and qRT-PCR showed that the expression level of
PASPL Y6 in transgenic lines with obvious phenotypes was significantly higher than that in the control. The
results of transcription activation showed that PhSPL.9b was a transcription factor with the function of acti-
vating transcription. It is indicated that the PASPL96 gene in petunia plays an important regulatory role in
flowering time, and its function is conserved. At the same time, it may affect plant flowering by transcrip-
tionally activating the expression of downstream genes.

Keywords petunia; PASPL96; overexpression; flowering; characteristics of transcription activation
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