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Investigation on MdMYB2 from Apple in Response to Abiotic Stress
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Abstract: In order to elucidate the biological function of the R2R3-MYB transcription factor gene
MdMYB? of apple( Malus x domestica) under abiotic stress conditions, the promoter sequence of MdMYB2
was analyzed. It was found that the promoter sequence of MdMYB2 contained abscisic acid (ABA),
defense, stress, and low-temperature related cis-acting elements, and the expression of MdMYB2 was
regulated by exogenous ABA, polyethyleneglycol (PEG), and 4 C treatments. For the MdMYB2-OF
Arabidopsis plants and MdMYB2-OF apple calli, it was found that the application of ABA severely
inhibited the germination of MdMYB2-OE Arabidopsis, while increased its ABA sensitivity, drought and
cold tolerance. At the same time, MdMYB2-OE apple calli also showed sensitivity to exogenous ABA, as
well as drought and cold tolerance. Overall, the above results indicated that MdMYB?2 played an important
role in the abiotic stress response of plants.
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AEEY W ia 2RI E Y E KR GG I EER R, —BORUL, FEYR R4 Y e i
MR 2 PG T S AR RIS IR/ S (Shinozaki & Yamaguchi-Shinozaki, 2007; Nakashima
etal.,, 2009). H5IReE AL, HRE T LRIEH T 5 LR EIEM R BiFtr &, nfods
BTV B R IR R, DR, Sk R R DU Ao 2 5 B & Rl R A W a i 52 MR % . 124 1E, MYB.
ERF. bZIP fl WRKY &5 £ ¥ 5K+ LAY IE 5L 2 5 21 MU S R 4% .

VE RN PRI FRIEZ —, MYB #5361 SR EAE Y 0 2B 0 38 T 52 14 77 T R
HEEHEERMIEH (Nguyen & Lee, 2016). fEMUR ST, AMYB2 v LT R0 Sh R 755, H
B BEI ISR (ABA) - SIEAIEIE (Uraoetal., 1993; Abeetal., 2003); AtMYB6 1] LIt
e RIEMTREESEIE (Zhuetal,, 2005); AtMYBIS it Zk 05 7 o B3 (i 5268 /7 (Ding
etal., 2009); AtMYB41 MIFKIEZ TR, ABA MBI EHES (Cominelli etal., 2008);
AtMYB44 AT LI ABA. T 5. S AR EGE £E (Jung et al., 2008); AtMYB73 Fl AtMYB77 £
R R T B BERT 75 53K 1& (Cheong et al., 2002; Fowler & Thomashow, 2002). 7E/KFEHT, OsMYB2
HIEZ T S AMRE R & E S (Yang etal., 2012). fEMHBEH, NeMYBI i3 R IEEMRATIA RS J118 58

(Meng et al., 2014),

AARIE  PA MdMYB2 3R TR ASE R @A A GO kL, X HBHT T ABA. BT 5
AR B AL ], X MdMYB2 151X 3 Ppia 264 N BTG T DIRe 4 8, 3G B A St 52 & FheE A4
Pl AL D 3 SR o e B O Al

U bR

1.1 I AR
THYIM R FEE R (Malus < domestica) ‘MEH° [ILhTHA < TR @A) KRG T
(Arabidopsis thaliana) SHAE FCE R, W47 3 R4 [ AR 25 AMS +30 g - LS + 1.0 mg - L
6-BA+04mg-L'NAA+1.0mg- L' GA+8g- L' #fl§, pH5.8~6.0. £20d 4% 1 k. ‘M’
A H AR TR HE A MS +30 g - L' 0 +3mg-L'24-D+04mg L' 6-BA+8g L' Biflg, pH
5.8~6.0. A 15d 4640 1 k. BT AIEIRIEN MS +30 g - L JHEHE +8g- L' iflg, pH 5.8 ~6.0.
PR 2 B DR R A B 4G AL R I8 MdMYB2 WL B I AR AR AL 3Rk MdMYB2 1) TMR SEHR
TUAS, Yka T sCaip (lFEE 2%, 2017),

1.2 SERTEZEE PCR (qRT-PCR) #&3M755%

1 F Tiangen /> &[] RNA plant Plus Reagent 77l & H#2 B MG 47 " SEJ - F 172 RNA, i H TaKaRa
AT ) cDNA A BORF G AT [ 4 5% o8 ] UltraSYBR JE A (SYBR Green [ )#£ ABI7500 qRT-PCR
AYiFEAT QRT-PCR, fli[l] 18S E NN S . HFEMEDESR 3 K.

1.3 BEEIRE

MR SEERARYIE 4 BT 50 pmol - L ABAL 50 pumol - L ZEFIE S (JA). 4 CAKIE
PAK 6% PEG WAL T FAFE, F553% 04 1. 3. 6. 12 fi1 24 h BUFE, A qRT-PCR #&:3l MdMYB2
MRIAE .

H 5 A T AN A 3t R GE MAMYB2 R TF AT 4> B R B E 4 04 0.1. 3. 5 pmol - L' ABA 1
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MS #5338t I, 5 d AR, FFSEIFETR K. KA MS B35 LRFR T S d AR R AL RIA
MdMYB2 M FF I+ 4 SR B &4 04 0.5 A1 5 umol - L™ ABA () MS 35535 b, 10 d J5HIR I 2k
FREEFE B ERK MRS, K dh T FPR ST R AL Rk MdMYB2 (1) < AR @AGH L5
B EEA 0. 10 F120 umol - L ABA HIAI 4 4% 953k B IS AP, 10 d J5 31 08 3000 5 p R i &
THE AN B 3%

BAE MS Br 970k EREFR T 5 d BEF AR BRI R0 R IE MdMYB2 SR 43 ML 35 0. 4%F1
6% PEG ) MS #5753 I, 10 d J5 B IFNE AR T . R MIHRE. /& PEG /M %2
PR A K BAARIG B 4T AH FPIRAS X BRI I8 MdMYB2 1) T BARAL R A& A
0. 4%A1 6% PEG MG 2% 753 - BBRE AL 10 d J5 AR e BERERR &, H AN S,

BAE MS Bi 3R 2k BRER T 5 d B AR AL RIA MdMYB2 #) /i J+ 7% #6323, 16 fil4 CHE
BiAbEE 10 d S, ME MRS R . R MRS 7E(RR A EE X RS R MdMYB2 W,
KEHGHSERKA R H, B THERER T EREGAL S HFERE 23, 16 f1 4 CTIH
Bi SIS AL EE 10 d 5 iR SRR SR A, THRARXT R

1.4 RS

FMRIRSE RAZ 3 NEENFIME, HATH DPS s i # Rt i g R AT 4 it 70 (P <
0.05),

2 AR5

2.1 MdMYB2 BEiFIRNAER T o

R MAMYB2 52 ST AIMYB2 3R 2% Z 5 (1) MYB 2 [K], 3 [K] % 5% 5 MDP0000823458 .
7E NCBI M3 Chttps: //www.ncbi.nlm.nih.gov/) 3K F| MdMYB2 [))5 875, HH7E PlantCARE
vl (http: //bioinformatics.psb.ugent.be/webtools/plantcare/ html/) X H k4T 4347, 451 2R MdMYB2
BRI ER 2SRRI E - o, 0l ABA #HCH) ABRE Joftf, H5RFRR (JA)
FH IS CGTCA-motif Jo i, 5B AN I 4H 5 1) TC-rich repeats Jo 4, SRR AR LTR Jofh55 (%
1)

®1 MamyB2 B TFIRRER 5340
Table 1 Promoter cis-acting element analysis of MdMYB2

o ) e st
Sequence Function of site Location

sequence

ABRE TACGGTC 2 55 PR TR B A A T +1197
cis-acting element involved in the abscisic acid responsiveness

CGTCA-motif CGTCA 25 Me-JA 1 R[4 F o i +546
cis-acting regulatory element involved in the MeJA-responsiveness

TC-rich repeats GTTTTCTTAC  Z 5 A BL s B A G AR FH e =307
cis-acting element involved in defense and stress responsiveness

LTR CCGAAA 2 55 el e 2 RIS FH e i -272

cis-acting element involved in low-temperature responsiveness
G-box CACGTC % 556 B R ECAE B JG1 cis-acting element involved in light responsiveness + 544
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22 fE IBRC ERYIEP MdAMYB2 BN N 5 A

435I 50 pmol - LT ABA. 50 umol - L™ JA. 4 ‘CHI 6% PEG AbFE ‘W4’ SEELNT, DLHAEL
FR7EIR . FRFTMR . RIRAI T 53058, KA qRT-PCR H A MdMYB2 1E& A3 G ¥ A28 4k
WK 1 Fis, MdMYB2 (3535875 ABA 1 JA Ab3H 24 h I %S, 764 CHIPEG AL¥ 3 h J5
WIFUR R E T . UL MdMYB2 5 2 Fhidi s e 56 i 5, 57~ SLAE SR A= P b e fot v o] RE R 5 1E
H

] %} R Control H ABA ] %} R Control W JA

[ NN |
T
w

[ S N Y.
FXFFRIE R
Relative expression level

FXFFRIE R
Relative expression level

5 - [ %FBE Control W4C 18 - [ XJBE Control B PEG

FXFFRIE R
Relative expression level

FXFFRIE R
Relative expression level

0
0 1 3 6 12 24 0 1 3 6 12 24
Ab BRI E)/h AbIEE H) /b
Treatment time Treatment time

1 ZEEEMMAT TR FER4EH MdMYB2 FIRIESH
* EXRMEEREE (P<0.05. TH.
Fig. 1 Analysis of MdMYB2 expression in the ‘Gala’ seedling in response to abiotic stresses

* indicated significant differences (P <0.05) . The same below.

2.3 MdMYB2 #EREEFMF. 41ER ‘T ERAGLELNT ABA FIBUREIEE

JE T qQRT-PCR Tkl ik MdMYB2 3R FIIF (OE-1. OE-2 Fl OE-3) FlAEHLH ‘T
W SERAGHL (OE-1 F1 OE-2) MdMYB2 MEIEE (K 2),

SPIESA 04 014 3. 5 pmol - L ABA BJ MS #5775 BRI AR (WT) Flid & ik i3 K
OE FIFF 1 (& 3), Xt H B R FHETH . £ 3 A5 umol - L' ABA ALFREAF T, MdMYB2 %
FER AT OE-1. OE-2 fll OE-3 Wik KB EMTEAR, Wl FALRIE MdMYB2 HE5% T
SFAME ABA FRBIURAE o

WT 1 OF {7 Rl 176 MS 5597 % B3 3: S d e, 2RI EIE4 0. 0.5 F15 umol - L' ABA
1) MS ¥i 52k FACEE 10 d, &I O AR SRR AE KHS B AT A7 (B 4). OE 4 m Jr itk
MEERE . FARK AR BAR T B A, (EMAR B3 2 25
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Fig.2 qRT-PCR analysis of the expression level of MdMYB2 in transgenic Arabidopsis and ‘Orin’ apple calli
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Fig.3 Germination rate of MdMYB2 transgenic Arabidopsis seeds under ABA treatments
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Fig. 4 ABA sensitivity of MdMYB?2 transgenic Arabidopsis seedlings
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F B A A LR SE R S (OB) #3504 0. 10 A1 20 pmol - L ABA R 51 3% 10 d,
10 120 pmol - L' ABA 514 i) OF AU A KA BT EH AR (F 5.

0 umol - LT ABA 10 pmol - L ABA 20 umol - L* ABA

WT

OE-1

OE-2

5 FFERE ABA #E5FEP MamyYB2 %EE ‘W FRBGHARROERTR
Fig. 5 MdMYB2 transgenic ‘Orin’ apple calli under ABA treatments

10 A1 20 pmol - L' ABA 2514~ [¥] OE #4414 (A% o B W) AR T35 A 20, i AR X P S
mTEAER (B 6), DL g RuE— B Ui il 3RiE MdMYB2 $#& T %F ABA [HBURIE .

EWT MOE-1 OE-2

I

% %
2L 0.8 | il
1t : 0.4 |
0 = 0
10 20 0 10 20

ABA/(umol - L) ABA/(umol - L)

HERE R g
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FEXE HL /%

Relative electrical conductivity

6 FFEIFRE ABA A MaMyYB2 #EE ‘T FERAGELHROEHREMIET L SE
Fig. 6 Fresh weight and relative electrical conductivity of MdMYB2 transgenic ‘Orin’ apple calli under ABA treatments

2.4 MdMYB2 #EEWETNEM ‘TH ERDGAELOATEMIERE

% 4% 6% PEG MS BRI FREE R T5, KIFEFELM (OB) ALK, SRR
B FARKE MRS TR AR (7.

7£ PEG AbHE M ERBHALRK T, MaMYB2 #HREF@HHA (OE) KA KB MEERE
FREEETEER, MXESREZMTHEMN (B8, WdRA MdMYB2 GEWsIE I Tt

2.5 MdMYB2 ¥%ERBFEITHEM CEWN FERAGERGUSEEM

SR 16 Fl 4 CRAEAA [FIFEBE (1978 IR I AUE MdMYB2 %% 5518 (OE) JUFg SRR ATV 1k
SERERY, FEMGRFMT, HENMMEITERRIL ORI s, HAEKS (B9, SEREFE.
FARKEEAMMARE (& 100 #REH B T B AR,
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Fig. 7 Drought stress tolerance of MdMYB2 transgenic Arabidopsis seedlings
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Fig. 8 Drought stress tolerance of MdMYB2 transgenic ‘Orin’ apple calli
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WT OE-1 OE-2 OE-3 WT OE-1 OE-2 OE-3 WI OE-1 OE-2 OE-3

23°C 16 °C

9 FFEIRELE MdMYB2 HEEHEFHHBEKRS
Fig. 9 MdMYB?2 transgenic Arabidopsis under different temperature
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Fig. 10 Fresh weight, primary root length and lateral root number of MdMYB?2 transgenic Arabidopsis seedlings under different

temperature
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Fig. 11  Cold stress tolerance of MdMYB2 transgenic ‘Orin’ apple calli
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Fig. 12 Fresh weight and relative electrical conductivity of MdMYB2 transgenic ‘Orin’ apple calli under different temperature

MYB #3%[H T F i a LL2y N MYB #H3¢. R2R3-MYB 1 3R-MYB %5 3 N4, MdMYB2 & T
R2R3-MYB W . fEiZWHN, AtMYB44. AtMYB73 Al AtMYB77 #'5AFE¥hil [ N AR (Fowler
& Thomashow, 2002; Jung et al., 2008; HIFAE %, 2017). R MdMYBI21 H:PFHA MK
R2R3-MYB Zitis, mfr Rk fgmlimxy msh, TRARE NPt CEEE &, 2013). AT+
KIL MdMYB2 F1RIEZ 5] ABA. TEAMRENFEST, RIHEXT ABA BUsHibag, x5 5 ERN
LR

ABA XTI A K E BB, EEIKE ABA T, SR IR 185 & 140 A K B 1 E
F (Kamei et al., 2005), MR ABA AR T MdMYB2 #3E KRG TF Rl 7 B985 &, U8 MdMYB2
AIREAE 2 7% ABA fORIUEME

KERFFR ABA FEREY)N T F ARG I 32 M7 TS 7 4% EZR1EH (Villalobos et al.,
2004; Nakashima et al., 2009). FJ§ZEik CoMYB10 TUFEGFFHEIN T H X ABA FOBSUE A LA R 3 T 5L
fit 32 1% (Finkelstein et al., 2002). [FFEHL, AtMYB2 Bt R iAMAREEE5R T % T S M 32 (Urao et
al., 1993). fEAWFFH, EMFEIFASER@HAL L RIE MdMYB2, 5 7R
PERIFTIENE

ZR b, UL MdMYB2 W62 53R AP R
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