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HZAMEHE PrseSHP BRI RESIEE S
N E I T T L

RV i 2R A B AL IR 43402552 JERTMRl K% AW 5 H R BE . JE Rt 100083)

7 ERAFE AL S RACE HAR W H AR WAR (Prunus lannesiana) i F0 R s BB IR R & 45
M) PrseSHP 2K (GenBank & 5% 5 5 GU362645), PrseSHP ERFH| 4K 1223 bp. &5 1 4~ 741 bp #Y
56 % I PR BEAE L A 246 D EFERRA L ANZKIEFF . S FREKAE S HT RV, PrseSHP J& MADS-box %% 5t A
T PLE/SHP #4655 3 PR FRHE Y 19 SHP [R5 T W) — #5406 53 30 15 9 O R %56 sk B 73
M.LK #1 C 3 4 g3, B CoRmaS i@ & @ R sF i AG T R &)y . SR KK TRV, PreeSHP
HE PR AR ORI AR A M MESE AN A R AR AR B b ARk, TE AR b (AR A I B 5 1 B SR AR S TR A P OR
Fik, 5 HAUEY) SHP R IRAE R 1 RBRX A —E M2 . DEE/ 01 BoR . ¥ PrseSHP JEF 175 I 48 bk 9] 8 1L
U 2f BT S 55 /0 e B A F R T AE 6~ 8 R X AR s ROV AT 52 T 4K I ) A B AR B AU R T (14~ 17 7 3 S A AT
FEAE) W] ST, UE B S5 AL R 3K 1 PrseSHP SEF AL AR v 746 KTEAL K B Rl ae S 5 Em Y L.
KR H AR 16K HF s MADS-box; PrseSHP

FESES:Q786 XEARER A

Cloning and Function Identification of PrseSHP Gene from

Prunus lannesiana (Rosaceae)

LIU Zhixiong"*,LI Laiyun', LI Fenglan®

(1 College of Horticulture and Gardening, Yangtze University,Jingzhou, Hubei 434025, China;2 College of Biological Sciences and

Biotechnology, Beijing Forestry University, Beijing 100083, China)

Abstract: Full cDNA of one MADS-box gene, PrseSHP with GenBank accession No. GU362645, was cloned from
Prunus lannesiana using homologous cloning and RACE method. The full length of PrseSHP ¢cDNA is 1 223 bp,
containing an open reading frame(ORF)of 741 bp and coding for a polypeptide of 246 amino acid residues. Sequence
and phylogenetic analyses grouped PrseSHP into PLE/SHP lineages of the MADS-box family. Conceptual transla-
tion revealed that PrseSHP contain MADS,I,K and C domains. Expression analysis suggested that PrseSHP ex-
pressed mainly in petal,stamen, gynoecium and young fruit of P. lannesiana ‘Makino’. Moreover, functional analy-
sis suggested that transgenic Arabidopsis was obviously dwarf,and flowering during 6 —8 rosette leaves, which was
early than that of wild-type Arabidopsis who was flowering during 14— 17 rosette leaves. Ectopic expression of Pr-
seSHP could obviously promote flowering of transgenic Arabidopsis. Our results suggest that PrseSHP are in-
volved in flowering in Cherry Blossom.

Key words: Prunus lannesiana ;{lower development; MADS-box; PrseSH P
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C % MADS-box JE[H 95 ELA {3 fi 2 0 3% JF 4 1
Hifg . UAEBF LB, SHP LR 5 50 Y
WG % &P, FBP6 2%%4 4 (Petunia hybrida)
SHP [a] 5L A HBR 2 5 P840 JOR & MR SE T2
Hb b B PR eSS E W K R E AR o R SRR
fE B e A G M B ( Nicotiana benthamiana ) [
SHP [a] i 5 [ NbSHP Y5 FBP6 Xk [A I & #H
I B FE R B FE W F i (Solanum Lycopersi-
cum)H, o SHP [a]lJ§ 5 A TAGL1 X 2 5 A 5 1
B KB 5 RS BGA IFANS 5 8 0 A A
PeE . oK E ME B P R BT I E R AR
(Medicago) H¥)Hh iy SHP [R5 5L A 2 5 F A 5
RIEE A IEE . & HE Y Bk (Prunus per-
sica) ) SHP [RJREK PperSHP 7 il 3 55 FH HY)
Fik W W Tk OF HAE R BB ) B AR B
A Rk R s FaSHP SN % (Fragaria X
ananassa) i) SHP [a] 55 K, H 335 5 1 98 /D /e 1
R B . FRBEIE R W] R R 28 B A
Yirb iy SHP [R] I A, 2 549 4 58 4 & TR 45 1Y
(i) B, JHC 2y R Bl e AL 1 A A T Ak

R o A5 A ) R B A el AR G S B AR R
KRR B B AT IR AE A RIS
FRXTHE G o ASWFSE LA H A 1 FE AR R T A PR o
R (P. lannesiana  Makino”) NiR# . &R G0
FEH SH P[] 555 K 7E AL FI2R 92 4 & 3 F2 rp i R 5A
FRAFN I BE . AARAE R > TR B AR R BT
IR I = | WIRES
L1 # #

2009 4F 4~5 HRAE R R 48 28
I R Ko 25 O 25 7 BSUSEL R T 9 A6 2 4B
AEME RS 5 E RS 3 0T, IR X 4 R AE SR B 4 A
2 RS RV A R L 5 — 80 CIRAF& I
1.2 7 &
1.2.1 HAAXMBE PrseSHP EERE M
EASYspin 4 RNA 42 B & (b 50 3030 §2
B R B P AR ZF B RNAL R & U0 B e, =
HE SR 1 1A J7 1 & U5 —#E cDNA A1 3'-RACE ¢~
#, 3'-RACE [ FF 5514 GSPSHP; 4 45 3k 1%
(1) 3"-RACE ¥ 1 )5 51 % i1 5'-RACE #1519 . Fl
Hl 5'-RACE it # & ( Version 2.0, invitrogen 2
A0, B ISCHRL 12110772 5 H AWM PreeSHP
FH M 5 v E .5 -RACE (55— cDNA 4 5l
>4 GSP1ISHP, 58 1 )k PCR F1# 5 PCR Sz i (19 3

55195 %) GSP2SHP fl GSP3SHP., ) 4%
5'-RACE Ml 3'-RACE ¥ 34 )3 81 i 17 B F Df $2 . 7
HFE M 5 -UTR #l 3'-UTR X # it 7 B 0 A< e 2
PrseSHP F:H 2K 519, 8 0E BF 32 7 51 1) B 52 1 9F
Sy PrseSHP 3, PCR Y M) E oIk
PrseSHPF F1 PrseSHPR, PCR #" #4 38 & 5 B K
56~58 C PHM ok % e 2 MocEk12]. i 519
(F D hE T A R B A RN A A
DNA A K IEHE T .
1.2.2 EARBLENESFRZEEST I
PrseSHP 3R 48 (1) 8 1 76 NCBI 508 7 o $tr
Blast # & 5 R LT . IF4 PrseSHP &% 5¢ K 1 [A]
NCBI I SHP [ #§ & & ¥ 5 # 17 b &%. H
MEGADS. 0 8 {F ., %4 # 1% (Neighbour joining, NJ)
W TF R LR,
1.2.3 ¥ 8 RT-PCR %l PrseSHP EE&RiEH
BAFRME FRBCRSE Y B e S
EAS Al SR i B RNA K I & 5 5 v B
FO B S A — 4 cDNA, Fl2F & 8 RT-PCR #
AREGM PrseSHP HEFTEIX 6 Fis B Rk 4 A
PR . JERYE PrseSHP W8S F 58T EF
W54 RTSHPFE fil RTSHPR, #47 RT-PCR 4> #7
ZH KIS R S s DL H AR BEAR Actin IEFAE
W, WZ 81955 F1 RT-PCR Kl 2 2% ikt
1.2.4 HEHWEEESHHEDH ¥ PrseSHP FH
1B 52 B I 0 332 HE CORF) 19 1E X A B i A |
Xba 1 Fl Sma 1 PR B U)A7 88 2Z 1], 94 3L v B
N FRBH AR pBII21 L A AR LT eS|k
TPrseSHPF f1 TPrseSHPR, ¥y &% pBI121-
x1 SMEREFS

Table 1 Primer name and sequences

T 51457 91
Primer name Primer sequence(5'—3")
GSPSHP 5'-ACAATGGAGTTCCCAAATCAAG-3'
GSP1SHP 5'-CCAAGATTACAGGGAGGA-3'
GSP2SHP 5'-AGGCGGCCACGGGTAGAGAAG-3'
GSP3SHP 5'-CGCTTAATCTCAATCTTGCCTCTT -3’
PrseSHPF 5'-CGCTCAACTCAACAACTAAC-3'
PrseSHPR 5'-TGGAACATCACACGGCATTC-3'
RTSHPF 5'-ACAATGGAGTTCCCAAATCAAG-3'
RTSHPR 5'-GCAGCTCGATCTCCCTCTTT-3'
TPrseSHPF  5'-CGCTCTAGAACTCAACAACTAAC-3'
TPrseSHPR  5'-TCCCGGGAACATCACACGGCATTC-3'
qactinF 5'-CGTATGAGCAAGGAGTACAC-3'
qactinR 5'-CACATCTGTTGGAAGGTGCT-3'
qPrseSHPF  5'-GGAAGACTGGAGAAAGGGAT-3'
qPrseSHPR  5-ATTTGTTTGCTGCTGTTGTG-3'




1508 odr oY % R 35 &

PrseSHP Fik 81K 5 A KM H GV3101-90 H#k,
TEARFF W AN HHRIE K 35S:: PrseSHP %
A B A R S Col-0" o Wikl Ea 4+ T AR 7
THAEERR B G B T % 50 pg/mL R{LE KM 1/2MS
Wgrk I 4 °C WiiE3E 24 h, JFHE A 22 °C, 65
B 16 h/8 h W Eh IR 10 d, iR R A FT R
U o H LA A A A 2 (0, ) R A9 oA B 5 A
S G H S R BN AR AE R T AR S R AT 52
i} 7% ¢ & # PCR (quantitative real time RT-PCR,
qRT-PCR) %75 A5 PrseSH P 1% 5 B 2L B 1 o
FRIB K- AFE qRT-PCR 23 #7 i LA 5T Actin
SEA Ry N 2 3E e Sk DY 400 RS T O BT MR 0 R, qRT-
PCR ZpHr I N Z 5 E T iR 51 ¥ R qactinF F
qactinR, PrseSHP £ K19 E FHEs| ¥ qPrseSH-
PF il qPrseSHPR , I W ¢ &b 5tk PR 3 3% o & 1) 4%
SEP AU It R AL, )M PrseSHP JEP I RE .

2 AR5

2.1 PrseSHP EE£1K cDNA FF|HR[E

6] 5 30 [ I 45 4 RACE $AR , M R4 16
ZEHR B PrseSHP JEIH 584 cDNA &K, J¥ 7
ikt oA ] H AW AE PrseSHP B 551 cDNA
4K M 1223 bp.f33E 264 bp 19 5'-UTR.741 bp 1y
5¢% ORF #1218 bp 9 3'-UTR., 415 246 42 KLk
1AL, 78 NCBI B3 | 44T Blast 48
R AFF A [E) 5 % s, H 5 MADS-box K& K 5K
Wi SHP b R R %k Rl . s 45 4 PrseSHP,
GenBank #3558 GU362645,
2.2 EAFRVAREMSSFREZEELEESH

& 1 8 . H AL PrseSHP 58k PperSHP
LR FR IR AR ) MAMADS14 2% % 56 R IR
Z . = A HAL S p R Yy i) SHP [R] 8 H R T[4
— i 3 5 H AL E A Y SHP [F] I & H 4
FF R G R Fe A 48 248 31 43 28 27 Tl @ [A] 1) 2 4% K
F. EAFHIFEE X (B 3) R : PrseSHP #% 5%
P48 1A B F B9 MADS 45 #38, iy 57 4
BRI ILA W (16 ~72) 51 DMIKFARSFHY K 2544
B, 4 82 MNE LR (105~186) . ff K1(105~126) .,
K2(139~153)F1 K3(161~186)3 4~ & i 7k & 3L ik
BRIL W 25 R R0 e MADS K 5 K K2 8], 4 1
AORSFPEFXT BAR A B X T X, 32 A~ 2 L R 5%
TR L (73~104) 5 % 5% 5 B 1 C oK i 45 44 38507 571
A SRR Y 60 > 20 R Ak R 4 B (187 ~246) 4
T2AT AR AGT M Y. & C K5 3R

T BN LR T N Kk — Bl 15 7~
HHE R Bk e A 1) S A T 471
2.3 RESPRT PrseSHP ERRIZHFTEE
RT-PCR # il

5 B RT-PCR K (& 2) @78 : PrseSHP £
BAE SRS IR AR h Rk EL i h R R GE
filk. H PrseSHP B:RAE RSP TEME  HESS . MESS
MR FRE 2R AR E (P>0.05), (HHAEX
2 E P SN R A B R T AR (P<C0. 05)
2.4 PrseSHP EFERINEE ST

itk — 25 W0F PrseSHP 3P 76 H A< i B2 24 7
RE SR P R RE K PrseSHP KB IE R B
s RERIXOOTR B HAK pBI21 b SR H A A
BAEIRIT . BUAE R O qRT-PCR %€ (& 4)
g5 RIARTG 23 BR 35S:: PrseSHP Ul Iv 5% 55 A A
PR o BRI U 55 3k 48 2 R DT 400 g I AR R 1) 3R R0 A B, 23
PREL SE AU s ST v A 17 Bk 400 R 7 I 26 I 1] B 8 42
o o5 B S DR R PR B0 73, 990 HIAE 6~8

100 8k Prunus persica(ABG75908)
FL AW ¥ Prunus lannesiana(ADG45819)
3R Malus X domestica(CAC80857)
Y4 FragariaX ananassa(AGU92563)
KAT A Taihangia rupestris(ABB59995)
4 05 Antirrhinum majus(AAB25101)
98 # it Solanum lycopersicum(AAM33101)
100 5222 PetuniaX hybrida(CAA48635)
85 A [CHH 55 Nicotiana benthamiana(AFK13160)
$ ¥ I+ Arabidopsis thaliana(NP_191437)
L4 I+ Arabidopsis thaliana(NP_850377)

98

100
5

—

Bl 1 PrseSHP [FlH Al SHP [FJEE A 14 F R G R A5
S N R ERER G T X EETRR 1 000 REH
PHRHAS 19 B R B s b RUAC 3 33 1 BE S
Fig. 1 Phylogenetic analysis of PrseSHP with other
SHP-like MADS-box proteins
Genbank accession numbers are in brackets; Numbers represent
the Bootstrap percentage values calculated by 1 000 replicates;

The scale bar represents genetic distance

le se pc st gy fr

& 2 PrseSHP BEHTE RS RFELSE B RE
le. 411} 5 se. AE32 s pe. AEH 5 st. HERS s gy, MRS s fr. S 51
Fig.2 Expression analysis of PrseSHP in different

organs of P. lannesiana ‘Makino’
le. Juvenile leaf;se. Sepal; pe. Petal;st. Stamen;

gy. Gynoecium;fr. Young fruit
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PrseSHP (ADG45819)
PperSHP (ABG75908)
MdMADS14 (CAC80857)
FaSHP (AGU92563)
TrSHP (ABB59995)
SHP1 (NP_191437)
SHP2 (NP_850377)

PLE (AAB25101)

FBP6 (CAA48635) V. =NQEF===ESS. . QRKS======= . .\ttt tetttannnnnnneneeeeeeeeeeaaeaaeen S... 69
TAGL1 (AAM33101) .V..INQELLVDESS .QLRKTSGGTGGG . . « « « ¢« e e e et e eeeuneeeeeeeeeenannannnnns S..... S... 80
NbSHP (AFK13160) e mNEEF==—ESSN . QRKS === == == . ittt ettt ttee e e et e e S... 69

PrseSHP (ADG45819) LYEYANNSVRATIDRYKKACTDSTNGGSVSEANTQFYQQOESSKLRRQIREIQONSNRHILGEALSTLNIKELKNLEGRLEK 148

PperSHP (ABG75908) 148
MAMADS14 (CAC80857) 148
FaSHP (AGU92563) 152
TrSHP (ABB59995) 131

SHP1 (NP_191437) 148

SHP2 (NP_850377) .. 148
PLE (AAB25101) . 146
FBP6 (CAA48635) .. 149
TAGL1 (AAM33101) . 160
NbSHP (AFK13160) 149
K2 subdomam
PrseSHP (ADG45819) 211
PperSHP (ABG75908) 211
MAMADS14 (CACB0857) 515
FaSHP (AGU92563) 218
TrSHP (ABB59995) 197

SHP1 (NP_191437) 217

SHP2 (NP_850377) 205
PLE (AAB25101) 209
FBP6 (CAA48635) 217
TAGL1 (AAM33101) 235
NbSHP (AFK13160) 219
PrseSHP (ADG45819)

PperSHP (ABG75908)

MdMADS14 (CAC80857)

FaSHP (AGU92563)

TrSHP (ABB59995)

SHP1 (NP_191437)
SHP2 (NP_850377)
PLE (AAB25101)
FBP6 (CAA48635)
TAGL1 (AAM33101)
NbSHP (AFK13160)

AG motif | AG motif II

B 3 PrsesHP & H ¥ 41 [6] P Lt X A0 45 44 43 B
MR R A MADS-box [X 3 80 F IR AFR K X 5 58 1 v i 18] 8 327 AR ) 1 S0 B IR AR B 7 HE v 43 300 AG T A I & )5 5
155 N B TR B 55 s PrseSHP. H AW 4# ; PperSHP . 8k ; MAMADS14., 325 ; FaSHP. %45 ; TrSHP. KAT7E 5
SHP1,SHP2. ¥ 3F ; PLE. 4 & % ; FBP6. 4% 4 ; TAGLI. 7 i ; NbSHP. 7% [G 4 2
Fig. 3 Alignment of predicted amino acid sequence of PrseSHP with other homologous proteins sequences
The double and single underlined regions represent the MADS domain and K domain, respectively. Amino acid residues identical to PrseSHP
are indicated as dots. AG-motif | and [[ of PrseSHP are boxed. Genbank accession numbers are in brackets; PrseSHP. Prunus lannesiana ;
PperSHP. P. persica; MdMADS14. Malus X domestica; FaSHP. Fragaria X ananassa; TrSHP. Taihangia rupestris;
SHP1,SHP2. A. thaliana; PLE. Antirrhinum majus ; FBP6. Petunia X hybrid; TAGLI1. S. lycopersicum; NbSHP. N. benthamiana

3550 N

3.0 r
251
20
1.5t
1.0
0.5 r .
0 1 1
CK b

4 %l Materials
B4 R E IR ST qRT-PCR 610
CK. B A= B RG IF 5 a. b, % 3k R 400 I f Ak
Fig. 4 Transgenic Arabidopsis plants confirmed
by qRT-PCR
CK. Wild-type Arabidopsis;a.b. Transgenic Arabidopsis

AH X 3R ik
Relative expression

B5 B g o7 5 B AR AR O R A A
AL BFA ARG T 5 B, C. e LR 0L R O
Fig.5 Comparison of phenotypes of the wild-type and
transgenic Arabidopsis

A. Wild-type Arabidopsis;B,C. Transgenic Arabidopsis
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0 B A R R ST B B 14 ~ 17 J SRS S A il A2
JFAECE 5, A) o IF Ho BT A7 5% 2k DN R R A 4 L B8 2
T4V I 55 /08 o (H A 4% 5 45 F R DL ] e i 2% (I

5.B.C). UH] PrseSHP JENTEAE K F 1 12 BEAE
PP AL

3 i

[R5 e XS 500 7 RGBT R RS
2’ PrseSHP J& C 25 MADS-box ¥ 5 X T+ PLE/
SHP #ife & It 5% # ALY SHP [ JR&E AR T
[l —ZE A 7 5. Kk Hr KW PrseSHP F 245
SR B AR R L ME R RN 2 SR AR AR B PRk,
FEAE = P AL AR AN 21 3058 1) 5% SR A5 5 AR S R

i

AN TrSHP WE AP R M Rk
BEE T 5 T IRER I K e S0 1 AR BR A IR B
.S HHEREKNRE . TAGLL R RHE Y
FA) SHP [ 5 H P 7246 & & o 72 o 3 27
T 55 P M 5 b 2 s L I LA AE A rP - BE AGL I 2 3 55
e AR 5 s HAE R L R F b HAUE R e vh &
B HMEREWEE S REL MR FBP6 2
B4R SHP [ H R, L 2 AR A Sk F e
W RIE RS S IR MR B MR TR 182
LA 4 A LU B AR A R AR . AT,
ANFIZEHEAE Y SHP [A] 5 3k B Bk 2 74 62 =0 A 4k
Hb O RE K T AR R 4. N H A Pr-
seSHP R 22 54 X f 35S . PrseSHP # 3L H

b HRB B HAL KA Y b i SHP [RIR U IT i R BUED . PrseSHP 72k 7 i3 2 B A e
FNA —E M2 5+ PEIFAE R Z 58 1R 52 & 19 D AE . R AR I 4%

PperSHP Jg H A WAL 2 Mk 19 SHP [A] I
P LA B RS L e S5 AR S h gk, BRSO

B A i 2k — P F 5T
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