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#Hk PpPGIPL1 B FRIS ESIThae o th
FEZY, itg Y, wR#p, msaltt, &= 4 s, kirie

C RN K2 220, FIRT 210095; 2VT 4 AL Rl B ZAT 50T, BIAt 210014; 3 VT34 E B2 B
WEFEHT, AL 210014)

A

B E. iR 4o B4 58k [Prunus persica (L.) Batch]PpPGIPL LA 57541, FIH A4
R ILT REBEAT YD TN s A4 %8 B A R R A A Il o R AT B A AR R, WO
FIE T T4 GUS B IN BT I IR SZIN 526 E & RT-PCR $iAR 7347 T PpPGIPL /K%K
(SA). FEHBRHEE (MeJA). Wi¥&EIE (ABA) Hl 1 - @I NHE - 1 - RIR (ACC) S FHIRIEHREE,
G TSERN 1 018 bp I8k PPPGIPL 2 741 %74 S5 MR [H 4= PGIP J5 2)) 1) 41 (¥ [R5 43 5l
N 90%H1 89%; %A BT IS H SA. MeJA. ABA Fl ETH i S ¥ A0 5< FIHUW 5 Ml 3 =0 AR T e 15
ABA 1 ACC AT LAi% S PpPGIPL Ji 3l T4 GUS R 334 SEZIN 2¢ )6 78 B RT-PCR 3BT 45 & W] : SA.
MeJA. ABA Fl ACC #n] LLiZ5 S8k A+ PpPGIPL 13K ik . PpPGIP1 Tl £S5 SA. MeJA. ABA fil ETH
S5 5, TERRHRUE i R R0 85 ol 77 T e A R T A

KEiF: Bk PpPGIPL A3 ¥ WHEIClF: Rikketk: RikHuki
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Isolation and Functional Analysis of PpPGIP1 Promoter in Peach
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Academy of Agricultural Sciences, Nanjing 210014, China; *Institute of Botany, Jiangsu Province and the Chinese Academy
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Abstract: Promoter sequence of PPPGIP1 gene in peach[Prunus persica (L.) Batch]was isolated
through the chromosome walking method, and its function was preliminary forecasted by means of
bioinformatics method. The plant expression vector of the promoter was constructed and transformed into
tobacco through the Agrobacterium-mediated technique. Expression characteristics of PpPGIP1 gene
induced by salicylic acid(SA), methyl jasmonate (MeJA ), abscisic acid(ABA )and 1-aminocyclopropane-
1-carboxylate (ACC) were also analyzed using real-time RT-PCR. The promoter sequence of PpPGIP1
gene with 1 018 bp length was obtained and its homology with that of Prunus mume and Prunus salicina
were 90% and 89%, respectively. The promoter contains important cis-acting elements related to resisting
pathogens and adversity stress and induced by SA, MeJA, ABA and ETH. The expression of GUS gene
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could be regulated by PpPGIP1 promoter with the induction of ABA and ACC. The results of real-time
RT-PCR indicate that the expression of PpPGIP1 gene could be induced by SA, MeJA, ABA and ACC in
the leaves of peach. Thus, PpPGIP1 gene may be involved in the signal transduction pathway of SA,
MeJA, ABA and ETH, and play an important role in the condition of resisting pathogens and adversity
stress in peach.

Key words: peach; PpPGIP1 promoter; regulatory element; expression characteristic; construction

of expression vector

Z R FURH IR BN HI 2R A (polygalacturonase inhibiting protein, PGIP) EA7FAET Z R
() —Fp s E e TR M A RS & 1, ' e 50 JRU B A AR Ik R o 20 A 1 28— A 41 B [ A g ———
W) Z AR IR (endo-PG) H—PEMLES &, B —FI &, MK T endo-PG HITEE
PGIP 5 endo-PG 445 ¥ [F] I 23 38 Jl o 5 5 2 1 FLBH T IR 1R 85, i PR R 3R e A 80aa AL ) 4 Y
RPN R 2R IA, S5 FEY M PUw P (Gomathi & Gnanamanickam, 2004; Liang et al., 2005;
2] 4, 2011). PG, PGIP 2 A N HEEGUR & E, W RIE RN PGIP 154
THUwE R N R A E .

JA 87 J& DNA 70 175 RNA BA RS 45 G 03001, A d B —PhEE S 1 IR 7, 638
(FZRIEIET FE , PGIP 215 3K IEMILA, 5297 I 18 (Alida, 2010; Zhang et al., 2010) . /457 ( Devoto
etal., 1998). /K¥#% (Liangetal., 2005) 5% 7KL, Hu %5 (2012) WFHTR ALK R TN % 1%
5T, M PGIP [f] mRNA RIAKVRET & fEANEME OKMIR. A ES RN R
IRICT . B PGIP I RIA SR AH ARFEEE TS, HACA RIS (] A 20 m e, B RIS 8 T

(EF55, 2011 HETHFFOAN, TERDIENAEEAS EZERIRPIN; TR VAT 5@t 7K IR st
ARSI LHiEAt, AR PGIP, HRIAW R ANFKIME SRy, s fAEfE 54
SO (FETF, 2006).

N4 5T PGIP sl 4RIEIR % (Devoto etal., 1998; Liangetal., 2005; Z5) ¢, 2006;
eyt %5, 2008; WEDL A%, 2009), (HICFIZIER LS S TIX S EEIR D, AR RTRE
(Devoto etal., 1998). HEZE (4 F 4, 2009) MM (4= °F 4, 2010) PGIP J55h 1 vl
5.

PR AV MO EZERTRER RN, 2 AR P A SR I ST, AR
X ER AV Bk PpPGIPL J3 3 1 v b S A HI GRS #, #Bos PpPGIPL (e s i
BLHL, W T %8 3 I XOTRIR B, Sk AT 3/ P VE A AR P 5, 1E— 28451 PpPGIP1
MRz b TR PpPGIPL JE 3+ H ixCAE FH o1 PpPGIPY W rh /E T, B LA 55
A TCAEAR G = 31T PpPGIPL [ 3414

QY ZE SRS DARF

11 #EYMHSE

IR T 2010 4 5 J1 42 2011 4 9 JE 1w mUAR MY K 2% bl 2527 Bt R AR )10 R S8 2 5¢ 1« Bk [Prunus
persica (L.) Batch] f®l ‘P ut (¥ MR} RTT IR AR 22 Bl W5 prdefit . A% (Nicotiana
tabacum) ‘K326 Jo i 405 v R AR S R AE W) HOR 528G 5 AR AF- . pMD19SimpleT #4401 H
TaKaRa A#); KJI#AFH# (Escherichia coli) DHSa. A& FF1# (Agrobacterium tumefaciens) EHA105
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AR CRIE AR YHA215 ALK SR AF
12 FH&
1.2.1 HtPpPGIP1 & 3Tt %1%

Bk PpPGIPL JH 2T v R G b AT, BAOPIRS %4514 (2009) #1775 BD
Genome Walker™ Universal Kit User Manual 1t B 5 . P52 5 R 7 514070 1) 8 NGSP1: 5'-CTCAAGT
GTTTCAAGATACGGCAAGTCAC-3'; NGSP2: 5-CTCTGGGTTCCATGAGGACAAGACGTAG-3'.
122 PpPGIP1 B 3)-F 55| »5#r

T3 5 (R 3 B K H GenBank 7E £k LE X T H BLASTn( Altschul et al., 1997. http: //blast. ncbi. nlm.
nih. gov/) 5ER, A BT E AR TOAE o B A AR AR $5 JofF £ s i PlantCare (Lescot et al.,
2002. http: //bio_informatics. psb. ugent. be/webtools/plantcare/html/) F1 PLACE (Higo et al., 1999.
http: // www. dna. affrc. go. jp/PLACE/signalscan.html) 5¢ /.

1.2.3 PpPGIPL & 3)F et

WA O B PPPGIPL JH 81741, fEH Pt —X &4 EcoR 1 /Nco T BUIAL sl 514
pgipFl (5-GCCGGAATTCATTATATAAAATGACCCTATTG-3') Hl pgipR1 (5'-CCATGGCATTTTGT
GGGTTTTGGATAAG-3"). 4 PCR ¥4, #&#:%] pMDI19SimpleT #FAANM 7, HwEfE, &
EcoR 1 /Nco I XUV . BEU) G IR e R R S e« A AR 1R B 28 0 RUR AT B A 3 e ik
JH S 252 FIRA4E (20100 Ik Btk 35S S sl AR AN PHPEXT IR, JLE IR R 235 b 2 B n
0.1 mmol - L' SA. 0.01 mmol - L ABA. 0.02 mmol - L MeJA F10.01 mmol - L' ACC # 5% ik, It
9% 3 d Ja A RRET X-Glue et (37 °C, 12 h), F/H 80%K Ll it 2t B, (6 i~
ML IR ARG ol I
1.2.4  F XM HT

IO AR R AT (29 0.5 em) HATHIE 2RI 1 4EAERE 4%, RIBRAEEE, Wb 2E, SR)58Y
1% 20 em (KRB, BCFEFRR P KRR, HRMUK, EEEM. 451 0.1 mmol - L' SA (K
M%) . 0.01 mmol - L' ABA (JHi7%H2) + 0.02 mmol - L™ MeJA CGEFi#2HEE) #10.01 mmol - L™ ACC

(1 - FEEIRLE - 1 - BRI WHW T 3R, WHE AKX, AN EE 4 M 2EB, HE 3K,
ST 0. 3. 64 12 R 24 h IO A GEE TR AR, - 70 CIRAER

s RNA P3RS H 2R MBS (2008) 197775, & RNA 1 DNA (1346 )2 cDNA 5 —8 1
A HARIE W] F5 (TaKaRa) (77757 . ¥4 BT cDNA 55— 8RR 10 f5/5, T - 20 CORAF.

SEIN 920 E B RT-PCR 731481 ABI7300 73 H714C. LAKE ACTIN BP0y WS AT, NZEER 5]
YIIF41 5 Tong 55 (2009) HEM—3. M MBk PpPGIPL ¥4 5 (49: Bpgipfl:
TCAATAACCTCACAGGCTCCATCC; Bpgiprl: AGAAGTCTACGGTGCTGAAGTCC. Affifrd 14
FEYIME—PERIMERAPE, 43 BT A S 3E R H ISR 938508 PCR N, 10 30 H 16 7 BEEAT DR
sofE, BEALPRE 3 ANBHE e B AT Y. S 98 i RT-PCR VAR R . 27 FIEE 430 2 2% 5k
HES (2011) K7k,

2 HiIR50H

2.1 #kPpPGIP1 LB HFHFFIiE
DL 3 R R B DR A AR DNA F BOCE A, 83 %6 PCR Ja, MBERYT EcoR V B A R P g
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HE| 14K T 1000bp MHMA B (B D, ¥
Z BTk W, g5 RSO, RIS
BB K JE N 1216 bpo P4 20t 20 Hr s Bl )
DL ATG M2 IaA7 s, 13318k PpPGIPL LK
J24 1018 bp [¥) DNA J¥51] (GenBank &% 5 :
HQ453973) . 1E GenBank 45 % o | I 7 £k Eb
X T H BLASTn HEAT [R5 LUXT, BT v b
(117741 45 7]k 25 Je8 IR 1) PGIP JE K )i 1 (8
k5 DQ364056.1) Fl [EZ=(f) PGIP JE[H )3
BT CBak'5: DQ364055.1) (H—FE4r ik
F 90%#1 89%, 1fi H. E {f (Expect value, Hi*2
i) #BM 0,

2.2 PpPGIP1 BT F5I49#r B T

FEMU A I Tt 42 PLACE A1 PlantCare 173 Bt By s [ 210 JR 81 1 )81 (G D, KB
R 2 B Y a3 T HAT IR J0fF (TATA-box Al CAAT-box) Fl-—L& 5118 % DA 5 (115 5

1000 bp—=

E 1 # PpPGIP1 BE)FAYI PCR 438
M: DNA 4rfibsifh; 1: PCR Y74,
Fig.1 PCR production of PpPGIP1 promoter from P. persica
M: DNA marker; 1: PCR production PpPGIP1.

% 1 [ PLACE #1 PlantCARE ZE£: i) PpPGIPL B3I FXMRXER T 451t

Table 1 Cis-acting regulatory elements characteristic of PpPGIP1 promoter sequences by PLACE and PlantCARE

W ]l PR

Regulatory sequence Sequence Characteristic

ABRE CACGTG W& R [ W JufF Cis-acting element involved in the abscisic acid responsiveness
ABRERATCAL MACGYGB JR A TR R I 4 A 4 B T (KW A FH J6 1 Ca®*-responsive cis-acting element

ARE TGGTTT PR ST 3 044 61 Cis-acting regulatory element essential for anaerobic induction
Box 4 ATTAAT Y6 iE¥EICHE Part of a conserved DNA module involved in light responsiveness

Box I TTTCAAA Ji¥ETCE Light responsive element

CAAT-box CAAT JA B FIBE5E T X 2 J04F Common cis-acting element in promoter and enhancer regions
DOFCOREZM AAAG 5 415 W38 i 3 TG4 Cis-acting element involved in defense and stress responsiveness
G-Box CACGT(T/G) eI Af F 4% 76#F  Cis-acting regulatory element involved in light responsiveness
GC-motif CCCCCG A5 S5 G Enhancer-like element involved in anoxic specific inducibility
GT1CONSENSUS GRWAAW VB HER PR-1a 31K, SEM/K ARG S 1515 Regulate PR-1a, SA-induced
GT1-motif GGTTAA JEM R JGE Light responsive element

I-box atGATAAGGTC FB4> 6N JGHE Part of a light responsive element

MYB2CONSENSUSAT  YAACKG VA TR A% 5 e S I 7 Transcriptional activators in abscisic acid signaling

MYBCORE CNGTTR P (R ) AW K Regulation of flavonoid biosynthesis

02-site GATGATGTGG P 5 (AR B 2 JG1F Cis-acting regulatory element involved in zein metabolism regulation
Spl CC(G/A)CCC e sGfF Light responsive element

T/GBOXATPIN2 AACGTG SRFIR 1655 5 W 2G4 FH /4 Cis-acting element involved in MeJA induction

TATA-box TATA BRI - 30 1008 8)) 7 04T Core promoter element around - 30 of transcription start
TC-rich repeats ATTTTCTTCA 5 41 5 Wp 3B W 3 TG4 Cis-acting element involved in defense and stress responsiveness
WBBOXPCWRKY TTTGACY 5 41 5 WpE W Y G Cis-acting element involved in defense and stress responsiveness
WBOXATNPR1 TTGAC PEPUREER NPRL KL, FEWKIR Y53 12K K15 Regulate NPRL, SA-induced
WBOXNTERF3 TGACY %5 205757 1) ERF3 JEF 335 Involved in activation of ERF3 gene by ethylene
WRKY710S TGAC W-box #Z DX, 7% 25 53R+ Core of W-box, transcriptional repressor of GA signal
chs-CMA2b ATTGCAACTCAA  #43Y6miR JGfF Part of a light responsive element

Circadian CAANNNNATC BRI EEHICME Cis-acting regulatory element involved in circadian control
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BRI OPE, HAP ARG K R 3 0k R 2Rk (1 4% U6/ GTICONSENSUS Hil WBOXATNPR1;
JIid 9% 1% i B 761 ABRE. ABRERATCAL 1 MYB2CONSENSUSAT; S 1#2 H s 75 S 4 T ot
T/GBOXATPIN2; £ 5 £4%175 511 ERF3 JE RIS G/ WBOXNTERF3 %5, 1t B v b 2 (1) 7 755 A
FLAZIER G ) F I SEAR SRR AE, JF HnTRELEDTE . BT S 21— 2 VEH .

2.3tk PpPGIPL BaFAEMERBIFEIER 2

JE T EcoR I /Nco I XUBVIFI T4 DNA LM HIEFAER, H4 PpPGIPL & 81 e UhiEH: 2IHY)
RICFRIL BN YHA215 H, [RIIN FHE A 35S J3 311K YHA215 BUARVE R BIPEX f. ARAT w34k
MR F, L IRRRIRIE R 2 IR N ABA. SA. MeJA Fl ACC, LIRIIIX e & G itis 35
WL, LR 3 d ST GUS R I I 2k A I o RS & S ] 2 P, BHAEG DL R s
FEIER A3 IS ABA R ACC M F AN 2] GUS RIEVEYE, T 3cas IATAT L ZE I8 I SA Fll MeJA
(R BRI B GUS Fikittt. JEH, %N MeJA (M A X-Glue Jefo 528tk B2, HR IR
AR FE— 2.

2 % PpPGIP1 BEh FAUMBER K GUS BiRd ikt
A~F 732 TR, ATINEES, 30 ABA. SA. ACC Fil MeJA.
Fig. 2 Transient expression of GUS in tobacco leaf blocks transformed PpPGIP1 promoter

A - F were positive control, hormone free, ABA, SA, ACC and MeJA, respectively.

2.4 #kPpPGIP1 7£ SA. MeJA. ACC #1 ABA iZS &M T REH L

PpPGIP1 33 T &4 5 SA. MeJA. ACC Fl ABA 15 XK MIMAE T JerE, b THFTx e
JCENT PpPGIPL (A K L AE PpPGIPL 15 54 S II/EH, FIH SIS %)% 2 8 RT-PCR 4047
T H,0 G SAL MeJA. ACC Fl ABA b3 5 FIdkit Jrf PpPGIPL R s (] 3). 7E HO
AFESSI¥ 24 h A, PpPGIPL [ IA & JLT- A A4k: SA &b 6 h G RIAEIA B K, AALBEHTH
2.8 1%, BHJGFRIEFIFG: MeJA A5 6 h Rikw ik, HAEBEEFTT 3.9 fis, Bij5RER N ACC
APESS 3 h Rk ERCOK, NALBEATH 9.9 5, BHJGRIAE T 1 ABA B GRAE HIL B NEE)
&G, 3 h B RIAFEIRGE N, 6h i EFFRIAIFE 1.5 %, 2 12 h B 3K TABEET, 24 h 57
W ETE, EBIABERT 1.9 £%, 3L PpPGIPL Kik & N i sh i R AT ik — S ot
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L. DOHO SSA EMJA DABA SACC

10

FAXTHIE =
Relative expression

\
§
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\
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\
.
\
.
.
N

Aull

0 3 6 12 24
AEFEETE /b

Hours after treatment

B 3 EHHEEEE RT-PCR $47 SA. MeJA. ACC 1 ABA AbIE/SHE8 PpPGIPL Bk
Fig. 3 Expression of PpPGIP1 after treated by SA, MeJA, ACC and ABAin leaf using qRT-PCR

3 e

FEDR L3R 21 I T e 43 et 1 53 2 L IR /R AL B AT SR8 S /E D . AT 20 2 Tk
PpPGIPL LA sl 717 al, ZFA & 24 58 S REa O EH cfE, #9 PpPGIPL
RISV REZ X SR 5T, 1 HaX ey oot 2 L2 8 VOB AE e . HF9URE, 248 DUy ot
Al RES 5N 51215 (Nishiuchi et al., 2004), UiHIHk PpPGIPL L35 4% 7 41 nl e H A B B
MmN R . 34 POPGIPL LI 81 X 380E 5 2 A M N e oE . S i my B o 5%, ix i
FEAR SN AE I JC A AP AE TR PPPGIPL )i 2l 1 X I R8N, 22 Fi {5 5, JL3RIATT BESZ 2 Bl H]
PR 3 ] 3

FYAR NAFAE A EEFAEYIBT TRNAS 5845 KRR AR LR (25,
2006) . AN[F] 1) PGIP JE K], H AR IA 52 AN [F] 1145 545 114242 U4 5 (Ferrari et al., 2003) . A 51 PpPGIP1
% SA. MeJA Fll ACC %3 KIA, UiH PpPGIPL M6 5X P4 B NAG 5 i&fe. Wk, Lt
FERW], IKMRIGHFIR L5155 T PUR TG 55 SiE 2 AP EE L X, NPRL ZMFE 51T
BARZ AN X iz —, HHELE WRKY 5K & NPR4 —ifd, 7RIl 5 FIS- SA FISRAIIRE 5 1%
FIBTPROCEAEN GRAEFEZRIE, 2005; 28 55, 2007). 1 PpPGIPL Ja 8+ = Af FH oo
FHAL I NPRL 341 WBOXATNPRI LUK WRKY #E5% K 7454547 55 WBBOXPCWRKY 1, X it
B PPPGIPL 1] BEAZIX 1 4% 7 T2 R AR 5 I A2 A8 S .

TEARB NG T0, PpPGIPL JH 3 FAfEJH 3 GUS JERZKIA, TR ACC Al ABA 535
HIL GUS RIAILG, UL PpPGIPL JH 31 A4 nl e 2 X A #7555 . ACC 1l LU F PpPGIP1
Fik, FFERTLAE S GUS RiE, ULHH 406 ] LLE ¥ PpPGIPL ik, Kk PpPGIPL JHzh T 4
i A S o WBOXNTERF3 7E PpPGIPL # s My Rerh nl g AT mZEER . 2Rifi, 7EJH3)
TR SH SA EHetE, SA WTLLES PpPGIPL £ik, {H/E SA KAEHS GUS %Kik, ] SA
AHEE T PpPGIPL, W fg & Hot itk 755 PpPGIPL ik . BHFTIAN SA JEA KR B (F
T, BEESIAERG PSP (systemic acquired resistance, SAR), WUELE(E 54T T —A
K550 PO RVER, SA Alfigiliid 5 NO. H0, FIM EASSURIE ifs 55 F M 4% (Chen et al.,
1993; Z=]>F, 2006).
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