Homt %% Rk 2019,36(6):689-696
Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20180411

EHHMLAE R PCMPK3 R E B FRIE &
e Xt 7 o T J 24 4D ) oz
B E F#BLEFARL R OWMLE AT,
B L RER L ARL LKA, FREY
CUIZRE R FCAT I R A R A AR T A E SIS, ILRE L 271000; 2L R R\ KM EERE, 1L R %R % 271018)

& Z:[BrIRY PcMPK3 Z R 2k 4 MU L7 3% TR e 4o B BRI RR B Ll K Gisela 6 Hh 7 % Pe-
MPK3 JE K 1 f2 551 % %1 PcMPK3pro. 1  Neural Network Promotor Prediction.softberry .PLACE £ PlantCARE [ 34
TE 25 TR PCMPK3 2 [K] ) 525 i ) 8l 1« 3% S5 2 4y A7 o5 AN I XA A D6 2R - K PcMPK3pro 52 [ 5 e A ) 3% 0k 3 4k
pBI121-SN1 f¥] CaMV35S 4 B Y J 8)) 7, 14k Hi 4H R IA 444k pBI-PcMPK3pro:GUS,, [l i #5 AL S FEn (45 R 148 3k
B , PcMPK3pro & 4 J& 5l T-1% 0> Ju 14 TATA-box Fll CAAT-box 25 22 Fir i 57 il 36 i =V F e 220 B T A I i
T 7 51 20 A48 F (Pseudomonas syringae pv. tomato DC3000, Pst DC3000) 1% 4t , PcMPK3pro 3K 5) GUS 1 1 2k Rl % ik
H GUS i if P 2 4 w5 L5 18 M PeMPK3 5 [K 23 5 4 0 1 895 JiR 781 R e ) ol 1 52

SRR BHVEBK s il A s PCMPK3;; J8 31 s GUS 3 [A]

hE %S .5662.5 X ERFRERD: A 3 E 45 : 1009-9980(2019)06-0689-08
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Abstract: [Objective] PcMPK3 encoding a mitogen-activated protein kinase (MAPK) in sweet cherry
dwarf rootstock Gisela 6 (P. cerasus x P. canescens) is highly identical to Arabidopsis AtMPK3 gene,
which is involved in plant growth, development and responses to biotic and abiotic stresses. Our previ-
ous work showed PcMPK3 responded to osmotic, salt stresses and bacterium pathogen infection signifi-
cantly on the transcriptional level. However, the upstream regulation sequence of PcCMPK3 has not been
reported to date. The purpose of this study is to identify the promoter sequence of PcCMPKS3 and investi-
gate its transcriptional regulation characteristics in sweet cherry rootstock. [Methods] The 5’ -flanking
upstream region of PcMPK3 gene was cloned by thermal asymmetric interlaced PCR (TAIL-PCR) using
a degenerate primer AP1 and three gene-specific primers SP1, SP2 and SP3. Sequence analysis was car-
ried out by online bioinformatics resources, such as Neural Network Promotor Prediction, softberry,
PLACE and PlantCARE to reveal its basic core promoter, transcription start site and cis-regulatory ele-
ments (CREs). The PcMPK3 promoter sequence (designated as PCMPK3pro) was cloned into the plant
expression vector pBI121-SN1 to replace CaMV35S promoter and produce a new recombinant expres-
sion vector named pBI121-PcMPK3:GUS. The binary plasmid was then transformed into Agrobacterium
tumefaciens strain LBA4404. Tobacco leaves (Nicotiana tobacum cv. Samsun) were incubated at 25°C
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under a light intensity of 300 umol-m™-s* and 16 hours/8 hours light/dark cycles for 4 weeks and then
used for Agrobacterium-mediated transient transformation. The tobaccos were classified as control and
treatment groups. For the control group, the leaves were inoculated by the suspension of the Agrobacteri-
um strain LBA4404 (ODew=0.1) containing pB1121-PcMPK3:GUS vector. For the treatment groups, the
tobacco leaves were inoculated by the suspension mixture of Pseudomonas syringae pv. tomato DC3000
(Pst DC3000) (ODs,=0.01) and Agrobacterium LBA4404 (ODs=0.1) harboring pB1121-PcMPK3:GUS
vector. Both suspensions for the two groups were prepared with the infiltration buffer containing 10
mmol-L* MgCl,, 10 mmol-L™* 2-(N-morpholino) ethanesulfonic acid (MES) and 150 pmol - L™* Acetosyin-
gon and injected into the tobacco leaves by 1 mL syringe, respectively. The infiltrated leaves were har-
vested for GUS activity assay at 12 hours and 24 hours after infiltration. For the GUS activity assay, fresh
leaves were subjected to X-Gluc solution for histochemical staining and were quantitatively measured us-
ing the fluorometric determination method. [Results] The first and second round TAIL-PCR products
showed dispersive results during electrophoresis detection. For the third round PCR, two distinct frag-
ments, more than 2 000 bp, were amplified and purified from gel for sequencing respectively. A sequence
of 2 027 bp, located in the 5’ -flanking upstream of PcMPK3 gene, was finally cloned and designated as
‘PcMPK3pro’. It was registered at GenBank as KY434098. Sequence analysis showed basic promoter
may exist at the position of =123 bp to —172 bp, -1 652 bp to -1 702 bp and -1 795 bp to -1 845 bp in
the upstream of ATG initiation codon. Typical TATA box and CAAT box elements and numbers of cis-
regulatory elements relating to plant defense responses were also contained within PcMPK3pro, includ-
ing the bacterium and fungal elicitor, abscisic acid, ethylene, salicylic acid (SA), methyl jasmonate (Me-
JA) and gibberellin responsive elements. This means PcCMPK3pro may be controlled by phytohormones
and involved in physiological growth and development during pathogen infection. Two MYB transcrip-
tion factors binding sites were also contained within the promoter sequence, which meant MYB tran-
scription factors family may take responsibility to regulate MAPK genes expression. In order to uncover
further evidence of PcCMPK3pro characteristics, the recombinant plasmid pBI121-PcMPK3pro:GUS was
digested by Hindlll and BamHI for vector construction determination. Different infiltration suspensions,
either agrobacterium LBA4404 harboring pB1121-PcMPK3pro:GUS vector or bacterium mixture with
Pst DC3000 and LBA4404 (pBI121-PcMPK3pro:GUS contained) were injected into tobacco leaves, re-
spectively. For the histochemical assay, blue staining can be observed in both groups 12 hours after inoc-
ulation. However, the intensity of the treatment group was much higher than the control group, about
4.42 times higher than that in control groups according to the fluorometric quantitative assay. More obvi-
ous differences were observed 24 hours after inoculation. This result indicated that the transcriptional ex-
pression of GUS gene can be driven by the promoter PcMPK3pro and induced quickly in response to the
challenge of plant pathogen. [Conclusion] Previous research showed most of the plant MAPK members
can be regulated at transcriptional level during biotic or abiotic stresses challenging. However, more at-
tentions were paid to phosphorylation of the kinase and their interaction elements in the downstream.
Few study on the transcriptional regulation of plant MAPK genes was reported. Revealing the character-
istics of MAPK genes’ promoters and their CREs will provide valuable information for the cultivar im-
provement on sweet cherry rootstocks by genetic engineering methods. In this study, the PcCMPK3 pro-
moter was isolated and characterized. It contained typical TATA box and CAAT box elements and num-
bers of stress-related CRESs and can drive the reporter genes quickly during Pst DC3000 infection. There-
fore, PCMPK3 gene may be involved in plant physiological responses to pathogen challenging.
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acquired resistance, SAR)™ ¥, Hf LK B, F 5 Y
17 A 4 MAPK (41 48 B 7+ AtMPK3/AtMPK6 ., /i %L
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MEK2 & [7] 1 #2 N = [ 3 1 TMV $70 1% 1 #2590
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TRARAR , I F APL A1 SP3 51 #i3k 47 55 =4 PCR Y™
1,4 3 UK PCREAT FELIK AT, [ Az 5 12 77 T o v ik
AT, W 51908 SP3. M P45 IR 5 225 Fr 51| i3
AT BEXT, B8 UE 7 41 4 T M, 4y 44 28 PeMPK3pro, 3
PR GenBank VEMH (R 1),
1.3 RBahFIRXERTHESHh
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Table 1 Sequences of primers used for promoter

amplification
EIE/EY S 41(5°—3")
Primer name Sequences (5’ —3")
SP1 GATCCAAATGACGAAGCAGCTTAA
SP2 GCTACAAAATCCCAAACAACACTCCAA
SP3 AAAAACGACGTACCAAACGATGCC

AGTAGTGTACAAATAGATATAA
TATTTGTTGGTGATCTCGAAGAG

PcMPK3pro-F
PcMPK3pro-R

4 A7 55 5 F) H PLACE (http://www.dna.affre.go.jp/
PLACE/signalscan.html) #1 PlantCARE (http://bioin-
formatics.psh.ugent.be/webtools/plantcare/ntml/) ¥ ik
TELR 53 HT PCMPK3 2 [K] J& 21 P i =00 FH o
1.4 pBI121-PcMPK3pro-GUS ik & K B9 & &
B B AZ (L IR &

¥4 3% A PcMPK3pro /7 41| () pMD18-T 5 41 Jii ki
AAE W) 2% 5 %% 74 pB1121- SN1 43 5 ] Hind 111 Al
BamH | #F 17 XU VI , #E i% 5] e PcMPK3pro #ll
pBI121-SN1 %44 v B F H T4 & #2144 )5 3 1 Pe-
MPK3pro = 2 % pBI121-SN1 % 44 , ¥ % pB1121-Pc-
MPK3pro:GUS fill & 72 38 ZAK , ¥R Rl 7 N AAT 16
LBA4404 H, S FH 3 S vk b AT J Bl i R 08, 2D B
1R . H 10 mmol - L' MgCl, ¥ W 5 & & KT
(LBA4404::PcMPK3pro- GUS) , it B B & WK JE N
ODeww=0.1 [ 43 » FIAN L Sk 103 S 28 45 4= 4 ik
MR R B S R By Rk 7 Ao A, B
BRI IR IR .
1.5 1EYIHREE Pst DC3000 $EFH

N T A 57 PeMPK3pro S 8 497 J i Pst
DC3000 11 J37 , LA Ji g Pst DC3000 K % A7 Hi 2
T IR AR I A KT B LBAAL0A (1) 7R & B VT 5 84
Fofr 4k 250 2 AR 0 s DAAN B A 2L TR IR R AT B
LBA4404 12 GL il $e Fp ot B AL R Bk o SR A 240
2 G SRt e BRI GUS T 1

AL MR R 7R : BA 10 mmol - L MgCl,
75 VK 2 75 Pst DC3000 T 4 #4 ¥k J& 75 B N ODeww=
0.02, LA 10 mmol - L™* MgCl, ¥ i 7% & 15 5 41 i fi
(1) A R LBAA404, 4 7 i i B 4% ODeow=0.2, 14 P
FlBE W L LR BUR A, BB R IR E 5 5 R
ODew=0.01.0Deo=0.1 [ 7R &5 B i » FH B B K R &
12 G E S A I Py o Rk R 2E A 5 0 32
T s DM B A H 2 J5ORL I R A B LBA4404 12 G4l
(ODso=0.1) R F7E SFHEFE MM EL I J

1.6 GUSHLFEERKZAXESRN

A3 S BE R IS 12 h AT 24 h iy b 5 20 57 %t I 20
B R, 32 T35 X-Gluc 1 GUS Jeta i, 37 ‘C 1%
FEF I E LK, 95% L EEH i L. GUS G e &
K 2 8 Blazquez 55 7 V3047

2 AR50

21 PcMPK3EEBE3FFIIRIE

22 1%55 I B Bt Jie FR VKA I 3 %6 PCR =4, 45 2R
7R, B 1.2 56 1) PCR 7“4 FELVK IR HICIR , ok S e
267, 2 35 PCR P24 MUK R 2 /b 9 1915 2 4 A
Sy, Forh 24N SR BUORIE M, H32K T2 000 bp, 43
Sl [ETUL 5 5 9k HH KT 2 000 by FA 7 4545 7 B
1-A), 7 J5 5 PCMPK3 2 [RIEAT [R5 LT, A
HA 1/ANF SN PCMPK3 JE [R5 327 51 o AR J8 1
7 51 ¥ 1 57 51 4 PeMPK3pro-F Al PeMPK3pro-
pro-R, LLEH kil K Gisela 6 %[5 2 DNA A BR
PCR ¥4 PcMPK3 2 [X] 57 il 3 /7 41 , |7 51 K & v
2 027 bp (K 1-B) , fiy % ¥ PcMPK3pro, GenBank 7+
M5 N KY434098.

Nt

A. TAIL-PCR ¥ 1 PcMPK3 2 [X| 1 3 1 F# 41, 1. TAIL-PCR £
— =) 2. TAIL-PCR 58 504 34729 ; 3~5. TAIL-PCR
ZEYHTY: M. DNA B bRl DM2000. B. B3I KT
FI 1 .

A. Amplification of PcMPK3 promoter by TAIL-PCR. 1. The first
round TAIL-PCR products; 2.The second round TAIL-PCR products;
3-5. The third round TAIL-PCR products; M.DNA marker. B. Amplifi-
cation of full length PcMPK3 promoter sequence by specific primers.

1 PcMPK3 £ & B 31FFFHY 15
Fig. 1 Amplification of PcMPK3 promoter

2.2 PcMPK3EEBaFIRXAER T2

FI F Neural Network Promoter Prediction ££ £ 1
I PCMPK3 & [RI B: filt 5 2l 1, 45 S W 78 5 R 46
%Y ATG I i -123~-172 bp. -1 652~-1 702
bp.—1 795~-1 845 bp {7 7E Al 5 31 7 /5 F1 (1 0] i 14
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Table 2 Cis-acting regulatory elements analysis of promoter sequences

KPP 4R (A= {555 DR
Motif name Position Signal sequences Function annotation
ABRE -1085 TACGTG ABA i . 704 Cis-acting element involved in the abscisic acid responsiveness
ARE -1717,-1852,-1943TGGTTT PR SR 01 Cis-acting regulatory element essential for the anaerobic induction
AT-rich sequence -386 TAAAATACT Uk T-E3% 3 o 4F Element for maximal elicitor-mediated activation
CCAAT-box -320,-860 CAACGG MYBHvV1 45417 55 MYBHv1 binding site
CGTCA-motif  -123,-1774 CGTCA SR HIR FH i e Bt A Cis-acting regulatory element involved in the MeJA-responsiveness
ERE -585,-1 416 ATTTCAAA Zma )3 o/ Ethylene-responsive element
GARE-motif -1 807 AAACAGA 7REF Z W B 61 Gibberellin-responsive element
02-site -1426 GATGACATGA &k AR 5 A A o
Cis-acting regulatory element involved in zein metabolism regulation
P-box -338 CCTTTTG 7% Rg 21 v JufF Gibberellin-responsive element
TCA-element  -139,-696,-1276  GAGAAGAATA /K . yoff Cis-acting element involved in salicylic acid responsiveness
W box -1816 TTGACC FCRA fid 7w B 7644 Fungal elicitor responsive element

-2027 GTCGACTTTGGTGTTACAAATGAAGTACAAATTCCATTTCCACTCTAGGCGATTATTATTTTTTGAA

-1960 TTAAACACAAATGAAGTAAACCATTTTTAATTCTAAAGTGGATTTGCAACCATCACATGCATTCTTATGA
ARE
-1890 TATATCTTATTGTATTTTAGTACACATCATTAGGGTTTAAACCAGATAGATAATATAAAAGAAGCCTGTT
ARE
-1820 TACTTITGACCAAATCTGTTTGCCTTGGGAATATGGATAGGTACTTTCGTCATGGTCTTTCTTTGTAGCTT
W box GARE-motif CGTCA-motif
-1750 TTGTGTCAAGTCCATTTTGCCAAAAAGTTTTCCAAACCAAACCCAGCAGTCAGTCTTTTATATAAATTCC

ARE
-1680 AGGGAC GGCAGAAAAACGTGTTCTTATAATATAGCAAAGCGGTGAAGGATGATGATGAGACACGCA
-1610 ATTAAAAGAACACCAATAATGGAGCACTCCTCCTCATCTTTCGAATCTTGTCCTTGTTACAGGTGGGCTC
-1540 ATTACAATAAAACTCCTATCCTGTGTCCTTCCAAAATGAAAACGACAAGTGTTCTTTTATCCTTCCATTA
-1470 ATTTTACACATTTACAATTCAACAATATTTAGGTCTTGACTTGGTCATCTCATOQTTTGAAATTTCATGTC
02-site ERE
-1400 GGGCAATTTATTTTGATCAAATTTCTCAAACATCTATTATTTTCTTATATTTGTTAGTCTAACAATCAAA
-1330 CATCATTTGTTTAAATTAGCAATCGTACTATATGTGTAGAGGTAGCTGTTGCTCGATAAGAATATGCGGG
TCA-element
-1260 ACATAATTTCAACTTTGCAAAAACGGTTGATGAGTAAAGTTGTCTTAAATAGTAGTGTACAAATAGATAT
-1190 AAGAAACAATGACATGCATAATAATCTCGAAGGTGTCGTAAGGCAGAAAAACTTGTATGAAAGGGGTATA
-1120 GTATTGTTTTGCTATTTTGGCCAATCACAAAATGCTACGTGGAAAAGTTGTCGTATATGATATGCTGTGA
ABRE
-1050 TTGGCCGGTGATAGCAAAATAATGTTATCCCCGTTTCACATAAGTGTTTCTCGTGATAAGTATGAGATGA
-980 TCCTTATTAGTCAGGACTCAACTATTGTCAATTTAATATACTTTACTCACCAACTAGCTGTTAATCTAGT
-910 GATATTTTAATTTCCATTGTTAAAAGAGATCACAAGTTTGAACCACGCCACCGTTGTTGATAAAAAAAAC
CCAAT-box
-840 TTACTGACACAATGAGCATTATTAGCATTATGTTTITTITITTICTTGTTTGAGGAGACCTTGAGTTCAAATC
=770 TCATATATGATAGTTATTAATTTAAAAGTTGAACACGCCGTGTCAGTTTGATATTTACTACAAATAGAAG
-700 TTAGGAGTAGAATAAGTGAAAGATTTGCTTCCTTCTAATGTTACTGAAAATTCATAACATCGTCCATTTA
TCA-element
-630 CGTATATGTACAAAATCTCGTTAAAAAGTATGAACATAGGACCATATTTCAAACTCTTAATCCCAGACCA
ERE
-560 TTTGACAACCTTTGTTTTTTGGAAGTTTAGATCCTATTTCTTGTTTTCTAGGTATTTTTACTTGTGAAGG
-490 CATAAAAATCATGTTCAAAACATGGTAAACGGTCCCACAGCAATCCACGGAGGAAGTGCTTCAGCACGTC
-420 TCACTGCCACTGCTCACACGCAATCACTGGCGCATAAAATACTAAAAACAAATTCCAGAGTAGTCATACA
AT-rich sequence

-350 AGGAAAAAAAAACAAAAGGCAGAATGATGGCCGTTGAAAAGTTTGAACGAATCGTAGCCGTTCATCAGAG
P-box CCAAT-box

-280 GCGGCTGCAATCTTGGCCCTCTGATCCTCTACCAAACGCGTCCTCGCAATTTCTCACTGGCGCGCTTTCC

-210 CAACACCAGCGCCCAACGCCCAACGCCCTTCTTCCCCTCCTCTCAGCTTTTAAAAGCGCTCGTCTTATTC

-140 TTATTCTTCTCCTTCTTCGTCAACACCAACACCAACACCAACAGCAACACCACAACACAAACAGCAGCAA
TCA-element CGTCA-motif

-70 CTTCTAGAGAGAGAAGCTGAAGACTATTAGAGAGAGAAAGTCAGGTCACGGACTTGCACAGTGTATTGAC

+1 ATGGCCGACGTCCCTCCCAGCAGTGGCGATTTCCCGGCGGTTCCGTCGCACGGCGGCCAGTACATTCAGTA

2 BaiFXREISAIER THRFT S0
Fig. 2 Sequence analysis of Cis-acting regulatory elements in the promoter
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2.3 FLHAFRIEH MK pBI121-PcMPK3pro-GUS B4
[

Nos ter

Nos ter

FIFH Hind 111 A1 BamH 1 i 1] % PcMPK3pro H
Brol N\ pBI1121-SN1 ki , ¥ #k Ji 5 4 GUS % [A]
1) J& 2l - CaM V35S (& 3-A) , XU U1 A% Il 1 7 £
2 000 bp ¥ F B B IEAf$6 A pB1121-SN1 % {4
(K3-B).

Nos pro

. _KanR ¥ |—RB

PcMPK pro
LB
— —GQUS K |
BamH| HindlIll

A. pBI121-PcMPK3pro-GUS 41 Jfifv &5 #41 ; B. pBI1121-PcMPK3pro-GUS i 28 Jofi it [ il 1) 36 31F
A. Structure of pBI121-PcMPK3pro-GUS vector; B. Enzyme digestion of pBI121-PcMPK3pro-GUS with BamH | and Hind 111.
Bl 3 FRik#k pBl121-PcMPK3pro-GUS By
Fig. 3 Construction of plant expression vector pB1121-PcMPK3pro-GUS

2.4 BB RIER AN PcMPK3pro B & F X% &
B 12 e B9 00 Sz 435 1%

LU i B Pst DC3000 5 & A 41 R ik Hi Ak 1)
AT TR LBAA40A [V G B Y S v 2 o Ak 250 2 40
% (Pst DC3000+LBA4404) M- F ; LA 540 5 ki (1)
K AT B LBA4404 12 Gy W H: PpoxT BB 4
(LBA4404) T J o GUS 4144k 27 e i 25 L B oR 4%
Fl12 h 5, Ao ERAL 50 B2 by 2R A Xk, 3%
B J& 3 PcMPK3pro BE % IR 5)) GUS # 15 JE A 1 &

A 12h

Ko HEAN 12 h g, AbBELH i Ry R €8 IX 3T AR B o
BIREE T BN F . 824 h )5, SR 5 Ak
FRZH GUS Gt AR 56 B , (5 &b 21 2H W5 (5 1H AR 2L
TR ARAR T T R A (B 4) . GUS Rt E
T S, A 12 h i, b BE A B
GUS & 1 Jy 5ot BEZH 1) 4.42 1% s B2 Fh 24 h )5, kb PR
JHE I B I GUS i PE A REZH 1 2.50 £ (B 5) . BA
g5 R R, B 31 PcMPK3pro 1] i N 97 J B Pst
DC3000 {112 4.

B 24 h

FOp:Ee| ALFRLH
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A. Histochemical staining analysis of tobacco leaves 12 hours after inoculation; B. Histochemical staining analysis of tobaccos 24 hours after inoc-

ulation.
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Fig. 4 Histochemical staining analysis of the tobacco leaves with GUS gene transient expression under different treatments
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