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T 2017 4E 3 bR SR AR A RO R H K R SY
— AR IR B BT A 12~15 em K B9 2L B 14 9
ZEBL Y 4~5 SRCEE T8 LR R A T K B B AR
L KRN M 2R B K B 1/3 S e, i T8
FrEPR YA, HEHEFECHM A 16 h/8 h
2/BORE R 25 C.BEN 75%.4 3 d Eife
LRSI AT K . Y T R IR EL T i il 2F i
KHEMWRFREFZE 2~3 cm B REITHE ML, 4%
Ak BRSEFE I AR B 5 X REAR R, 2 CC AR AL B . T
0.1.3.6.12.24.48 h J& 43 7l >R ¥ 5 S Ak W 30 4k 28
(H, O B R i K 3% H, O, 1 1/4 MS
WAREE AL, T 0.3.6,12.24.36.48 h J5 43 W KA
£h (NaCl) &b # . 55 3% i ) 7K #4200 mmol/L
NaCl i 1/4 MS WARIEFR 4L, T 0.3.6,12.24.48 h
J5 43 SRR s H 28 % (mannitol) &b 3 . 3% 35 i H A9 K
#4300 mmol/L H#EEEM 1/4 MS WA K 57 5,
T 0.3.6.12.24.48 h J5 43 R A R AL B By R
A B K 4 B e A 100 pmol/L ABA BX 100
pmol/L MeJA 8¢ 500 umol/L SA BJ/K&E W . T 0.
3.6.12.24 h J5 43 B R AE, B I E) SR ALK 4R 2
A3 ZE B B 2E L RE R S ST R WA TR AR

x1
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(1 2 5% 5% 38 ) & PrimeScript® RT reagent Kit
With gDNA Eraser (Perfect Real Time, ¢ 5
RRO47A) ¥ 2 BUAY B RNA 2 % 3 AL cDNA,
—20°CPRAF# . MR MmAE RN A B A MmN
PmERF4 K FH, wit &K 5519, LS’
RRAL B 12 h J5 S % SR cDNA g BEHR , 5 B
PmERF 4 B:H P8 2K i 1] Tag DNA R 45 i i
T PCR ¥ 8, ¥ 34 %1 94 C BZ M 4 min;
(94 °C 30 s,58 C 30 5,72 °C 30 s),37 IEFH;
72 °C BEMR 10 min, H AL H 2 i ikok I, U] e
W 5 3 2 2 b ) o B 8K pMD18-T (TaKaRa,
B2 6011) , # % FL 46 KR AT 1 DHS o, Bk HCEH
PE 7 B 26 11 DU R A= W B A R 2w
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W1,
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Table 1 PCR primers and their sequences used in this study

518 4 %

Primer name

5191 (5'-3")

. sl ool
Primer sequence (5'-3")

A& Usage

PmERFA-ZF CTAAGTCTCACATCAATCTCCCC PmERF4 3 {14
PmERF4-ZR GCTTCTTGCTTTCTCGCTCTC Amplification of PmERF4
PmEFla-gF CGGATTCAATGTTAAGAATGTTGC

m a-q WS Reference gene
PmEF1la-gR AGAACTGGAGCATATCCGTTACC
PmERF A gF CAGAGCAGCACCGTGGAGTC

" 1 gRT-PCR
PmERF4-gR AACCGCTCGCTCGAACCT

NINER Y Aol
M13 TGTAAAACGACGGCCAGT WJF Sequencing

1.3 FIEX 5 RE LS
1 0 A5 2 14 ¥ 51 4E NCBI %0 2 547 5 81 Lo
Xt FH ExPASy 21t ) ProtParam W3k W0 25 14 it
fR) 43 F I H L2 3 R 4 BRI A 1 5L R SWISS-
MODEL #4000 2 11 5T 1Y = 245 1, 5 3 4y il
I V5 1 5 1 = B R 22 )7 9t i Clustalx 1,83
Hl Genedoc B4, B MEGA 5.0 #ff#t47 248 3
TR 5347
1.4 PmERF4 EREBRIZEH

P E # qRT-PCR K 3 E Applied biosys-

tems 23 7 4 721 ABI 7500 Real-Time PCR System
P E B PCR AL, PCR W70 95 °C 148 4
30 5395 °C 281 30 5,60 °C 1Bk 30 s, 3 40 PMEFF;
95 °C 15 5,60 °C 60 $,95 °C 15 s; MK &K 10
pL. LA PmEF1la W 2 5 W, R85 58 0
PmERF4 J¥3 Bt E =519, 5l r s ik 1., %
PRI R G 23 dat ) 113305k A 20 27 2T R M-
crosoft excel BT 505 4k L, SAS9. 2 A X 5 415 3k
TH Z 50 M, Duncan’ s il 7 £ H LK
(P<C0.01),Sigmaplot #A/FAE K,
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PmMERF4 EE W R ES S EERF 5 Lk x¢
DL i cDNA R A5 AR o AR 4 A A6 35 D 41
BRI L)y st R 5 51 W, #5417 RT-PCR 47
B AR5 1 KN 842 bp By A (B 1) I 5 45
F WY KL I JF kB 2 AE A 690 bp, e 229 R
iR,

21

M:DNA 4 F i i 5 s 1: PmERF4 % 5 ¢DNA PCR /= #).
M:DNA marker DL.2000; 1: The amplification cDNA product of
PmERF4 gene.
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Fig.1

‘EWg’ PmERF4 EE M
Cloning of PmERF4 gene from

Prunus mume ‘Xuemei’

AP2/ERF domain
o =

FIF ProtParam M b % 28 (5 1 B AL 4 5 f
FBETR A B AT B 43 B L 45 2R B R . PmERF4 &
F BB 2> T i 24.35 ku, 25 H 5 pl M 9.62,
IR A R A B K BRLL TN &R (17 %) RN 22 R
AMAYOMEERES. ZEAARERZEMEN
60.67 . 5 R %L 58.21, I HJE TARE&H M. H
23 AN 67 HL i 5% 5 (Asp 4 Glu) | 29 AN IF H fif 5%
FE(Arg+Lys) H B, B FEANE R —0.577. B
ZE - R KEH. SWISSMODEL il il
PmERF4 H M = R4, KIEH 1A o BHELS
.3 A BIr&ait. M A Clustalx 1.83 Hl Gene-
doc AW 122 S FE TR 17 5 5 G ARk (P avium , Gen-
Bank:XP_021821714.1) \ Bk (P. persica , GenBank:
XP_007211989. 1), th E Bk (P. pseudocerasus »
GenBank: ALD84484. 1), 3 2 (Malus domestica »
GenBank:NP_001315809.1) ., A H 4. (Rosa chinen-
sis s GenBank : XP_024158288.1) ML IF (A.thali-
ana sGenBank: AT3G15210) ) ERF & A i#47 £ 51
Fexd, 25 B K W PmERF4 5 H ALY &) ERF & H
AR AR (B 2) ¥ & 1 4 AP2/ERF {5
iy, H AP2/ERF 45 89 35 E % - <7 19 YRG H1
RAYDZ 2 )7 5t 7F PmERF 4 £ (1 & ~F £ 7

Prusus avium (XP_021821714.1) ;
Prunus pergica (XP_007211989.1) :
Prunus myme ‘Xuemei, *

Prunus pseudocerasus (ALD4484.1) ¢
Malusdomestica (NP_001315809.1) i
Roga chinensis (XP_024158288.1) ¢
Arabidopsis thaliand (AT3G15210) ¢

Prumus avivm (XP_021821714.1)  mm
Prunus persica (XPZ007211989.1) , [

Prunus prigme ‘Xuemel ;o 5
Prunus pseudocerasus (ALD84484.1§ :

Ialus domestica (NP_001315809.1) :
Roga chinensis (XP_024138288.1
Arebidapsis thaliand (AT3IG15210

FTHERRICHI A AP2 25K 38, = ML FRIC AN YRG &L F 5, [ S ARiC i RAYD & LR ¥ 51, The AP2 domain is marked in

frame.The triangle and dot indicates YRG,RAYD amino acid sequences,respectively.
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Fig.2 The alignment of amino acid sequences of ERF from P. mume and other plants
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M MEGAS. 0 B4, >R HI 28 #% 1% (neighbor-
joining method) ### T4 8 ©~ ERF FE AR KW
RGP . G5 R WK ML PmERFA & 5 i
BE(P. avium) FIBk (P. persica) ) ERF & A 7€ dF
PR B[R] — 3 32 b R 5 0 R Rl 5 5 2 ARy
ARk (P. pseudocerasus) FlEf B2 (P. yedoensis var.
nudi flora) W) [ PE AR & 5 5 H At 3% 7% BL R 4 4

SR (Malus domestica) #1 A A 41 (Rosa chinensis)
R JEPE AR T2 A . 53R IT (AL thaliana)
) AtERF4 8 R Z K R L
23 PmERF4AEEZEFEMMHEMPRLETH
RiLHH

D) “T g’ PmERF 4 R 7EARR . m#h H, O,
HEE AL T M RBBX A O, o3 5%F Mg =2
BeitbAT 2 CCARIEAL B R B SR A 3 %0 HL O,
200 mmol/L NaCl 1 300 mmol/L H &8, 458 I
/N PmERF4 FENAEMRIRALBE 1 h J5 Rk ik
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B+ (E 4A) . NaCl 4b ¥ 3 h J§ PmERF4 3 H )
Rixkwm W FE TR, ZEHRILED— EKT X,
A8 h B A I R B 3% SR G 3R Ak, 0B R P A

HHEME R EBRELEET. 6 h Bk 3 &g, 2
AL BRHTS F5 . Z e R IR R 2N B
UL P ERFE 4 3 R 48 Ak 38 4 i 137 AS 40 A%
ISR Z (K 4C), PmERF 4 3[R 78 H £ B ik 3
A RBE SR 2ZE S AR, bH 24 h 2R
SR T IR, AL BE 48 h B A BRI 2 A5 A

ZERNMFEIL (A 4B, H, O, 4 )5, PmERF4 A7, U B2 55 R X318 8 30 7 i b AN BUEE (] 4D)
50— Prunus pseudocerasus
30 Prunus persica
® Prunus mume
100
99 Prunus avium
Prunus yedoensis var. nudiflora
Malus domestica
Rosa chinens is
-Arabidopsis thaliana
A
0.05
A S ARIC ) PmERF4 # . Prunus mume * Xuemei’ is marked after the dot.
B 3 PmERF4 5H ¥ ERF SEBRF T REHE UK
Fig.3 The phylogenetic tree of ERF4 from Prunus mume ‘ Xuemei’ and other plants based on amino acid sequences
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ly calculated. The error bars indicate standard deviations for three independent replicates. The same as follows.
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Fig.4 The expression levels of PmERF4 under different abiotic stress

2)“E Mg’ PmERF4 B[ 7 ABA . MeJA F1 SA
AEHE R R BH(E 5. CHM B IR T 4
A 100 pmol/L. ABA, 100 pmol/L. MeJA B%
500 pmol/L SA, 45 R Wik % ABA 43 3 h J5
PmERF4 Fihw W 3% TR, AL 24 h WA W 3%
T X B8, UL B ABA Ab P 1 98 45 1% 3 [H A R 38
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355 H R B R 0L, 7 Ak 3 ) 2R 5k a5 AL ST AH L
ZEFANK, I B AE AL B 24 h B, 2 5K b B AT
() 4 £ (& 5B). SA kb3S, PmERF4 fEAL 6 h
Jo 5 R BRAR b, ROk R 25 5 H S IR U X R
) 1.46 %, UL BTIZEE X SA AbBEARBUR (] 50)
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Fig.5 The expression levels of PmERF4 under different hormone treatment
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Cloning and expression of PmERF 4 gene in Prunus mume
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Abstract ERF (ethylene response factor) transcription factor plays a critical role in response to en-
vironmental stress and hormonal signal transduction in plants.To elucidate the function of ERF gene in
Prunus mume ,the PmERF4 gene was cloned from a Prunus mume ‘Xuemei’ by RT-PCR. The full-
length ¢cDNA sequence of PmERF4 was 842 bp with an open reading frame (ORF) of 690 bp,encoding
229 amino acids. The deduced amino acid sequence alignment of PmERF4 contained a conserved AP2/
ERF domain. The result of phylogenetic analysis showed the PmERF4 was highly homologous to other
proteins in Prunus genus.qRT-PCR was conducted to examine the expression patterns of PmERF 4 un-
der abiotic stress and hormone treatment. The results showed that PmERF4 was induced by cold and
H; O, stress.The induction levels of the gene were different between cold and H, O, stress.A continuous
and strong response of PmERF 4 was triggered by cold. PmERF 4 was insensitive to mannitol, MeJ A and
SA treatment and its expression was inhibited by NaCl and ABA.It is indicated that PmERF4 from
Prunus mume may be involved in response to cold and H, O, stress.

Keywords Prunus mume; ethylene responsive transcriptional factor; abiotic stress; hormone;

gene cloning; gene expression
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