W 224, 2021, 48 (1): 127 - 136.
Acta Horticulturae Sinica
doi: 10.16420/j.issn.0513-353x.2020-0208; http: //www. ahs. ac. cn 127

L2385 MhMYBI114-Like IR [ER BEEER D
fAZH R P RITERIR TN BESS E

Bl 2 W, EMk, K £, x| E, TEF

CH R K2 2250, 22 M 730070)

B B VIERMAREZLESR (Malus halliana Koehne) FTLESF] T MhMYBI114-Like 3£ X (535
LOC103405832) . iZH: K& 4 KA 602 bp 58 B BLHE, Sl 200 MEILRR, 4 H 45 L AR 9.38.
RGO T LY, MhMYBI114-Like 59 BB ZFHRE ARG K RRIT. 70 MhMYB114-Like 113 5))
FRERIOE TR, o, AKFREAm RS RAAER ofF. POtE®R PCR &M, fESREIE T
MhMYB114-Like 153 223§ 58 - FIAR HH RIL K B3 b, MRMYBI114-Like W72 B . 32 SRER 10 115 5
¥ MhMYBI14-Like SRAEH6AG  TAK SR @ALLL, B MO E B PR TP AT R, R
1% MhMYB114-Like W] W] 54 5 e B R 5 2 20T S Bk T aE i 0t o 25 SR AW MAhMYB114-Like 7 1 B2
g, FEHTER R a T B AR

KB EW; MAMYBII4-Like; MIfie%sE; BekMhia; EREIL

FEFES: So66l.1 HEFREE: A XEMHS: 0513-353X (2021) 01-0127-10

Cloning of MhMYBI114-Like from Malus halliana and Its Functional
Identification of Iron Deficiency Tolerance in Apple Callus

ZHANG Zhongxing, CHENG Li, WANG Shuangcheng, ZHANG De, LIU Bing, and WANG Yanxiu®
(College of Horticulture, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: The MhMYB114-Like gene(GenBank accession number: LOC103405832)was cloned from
apple rootstock Malus halliana. The gene contains a full open reading frame of 602 bp, which encodes 200
amino acids, and the protein has an isoelectric point of 9.38. The phylogenetic tree analysis showed that
apple MhMYBI114-Like was the closest relative to wild strawberry. Promoter cis-element prediction of
apple MhMYBI114-Like showed that there were drought, light, auxin, yellowing and other responsive
regulatory elements. Fluorescence quantitative PCR analysis demonstrated that the expression level of
MhMYBI114-Like gene was greatly increased in the leaves and roots of Malus halliana under iron
deficiency condition, and the expression was obviously induced by iron deficiency stress. In addition, The
genetic transformation of MAMYB114-Like into apple ‘Orin’ callus and resistance analysis by measuring
related physiological indexes showed that the overexpression of MhMYBII4-Like could significantly

improve the resistance of transgenic callus to iron deficiency stress. Therefore, MhMYBI14-Like is
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involved in the response to iron deficiency and play a crucial role in resisting iron deficiency stress.

Keywords: apple; MhMYB114-Like; functional identification; iron deficiency stress; gene expression
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Table 1 Primers used in this study

A Gene % (5'-3") Sequence
MYBI14-like (qQRT-PCR) F: TGATCAGACCTCAACCCCGA; R: GACGACGACGTTTGTGGTGA
MYBI14-like (gene clone) F: ATGGAGGGATATAACGTTAACTTGA; R: CTAACTCAAGACTGGGACATACA
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Fig. 1 The MhMYBI114-Like protein in Malus halliana was compared with that of other species

KA FE R b ) MYBI14-Like T4 NCBI i M8 F ok, A& B4R (Malus halliana,
NP_001280757.1) « & ¥ (Quercus lobata, XP_030952856.1) « JINE ¥ (Quercus lobata,
XP_030941972.1) . ¥FH % (Fragaria vesca subsp. vesca, XP_004302217.1) « i (Prunus mume,
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Fig. 2 Phylogenetic analysis of this protein of MhMYB114-like from Malus halliana and other species families

The number at the branch of the evolutionary tree indicates the confidence of the branch, the larger the value, and the higher the reliability.

2.3 MhMYBI114-Like BENTIRAER T2

FIFH 35 PlantCARE Tl S5 5 MhMYB114-Like 3 211 ERIREAE FH o R0, A5 2Rk
Y E PSR cbve S 1G85 1) A SN ) NAwe o S 23t 1S N LN wy S22 AP Rl ) A
o8 SP 1 L Y S | 56 2/ ) S L )Ny SO B R ) NApwe e SN S L Vv SN S L ) YA e e o 3
2). Yl MhMYBI114-Like AIXF5. St BERFZFINUS SRR, 25— R4V 7L
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Table 2 Some important cis-acting regulatory elements in the upstream regulatory sequences of MhiMYB114-Like

PR EEY S 741 fr s hE frE
cis-Acting element Sequence Function of site Location
GT1CONSENSUS GRWAAW JM .76 F cis-Acting element involved in light responsiveness - 586
DPBFCOREDCDC3 ACACNNG V% B B cis-Acting element involved in abscisic ascid responsiveness - 619
LTRECOREATCORI15 CCGAC it FEMARL cis-Acting element involved in resistance cold responsiveness -1549
CIACADIANLELHC CAANNNNATC A FEH5/0 8] cis-Acting element involved in circadian responsiveness -1203
ACGTATERDI1 ACGT 5 Ak B TG4 cis-Acting element involved in chlorisis responsiveness - 804
DOFCOREZM AAAG kAR M B2 TG4 cis-Acting element involved in carbon metabolism + 704
CATATGGMSAUR CATATG KM BTG cis-Acting element involved in the auxin responsiveness ~ + 1217
SREATMSD TTATCC Bl B G+ cis-Acting element involved in sugar responsiveness +946
PYRIMIDINEBOXHVEPB!I  TTTTTTCC W W TG cis-Acting element involved in hormone responsiveness +1877
ARRIAT NGATT M5 2L Z A cis-Acting element involved in cytokinin responsiveness  + 1991
MYB2CONSENSUSAT YAACKG fiif S-0 8 cis-Acting element involved in drought-tolerant responsiveness +1049
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WEMRIEE, 28RNSR (+ Fe) [ 2.89 f5A1 2.81 1. A/ HI7E 48 A1 12 h N £k &
KNG, ZJEH TR, RRWEERSAE T, MRMYBI14-Like 153F SRk AT 22 3 52 (A H FIAR b 2%
KR LT ORI REE R BRI, AT REAE BRER I E T RS EEAER
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Fig.3 Expression level of MhMYB114-Like under iron deficiency stress

* <0.05, represents a significant level of difference compared to the control group.
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Fig.4 qRT-PCR verification of transgenic MhMYB114-Like callus and the relative expression under iron deficiency stress
* P <0.05.
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Fig. 5 Growth of wild-type and transgenic MhMYB114-Like callus of ‘Orin’ Apple under iron and iron deficiency conditions
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Fig. 6 Overexpression of MhMYB114-Like improves enzyme activity in ‘Orin’ apple callus

L1, L2, L3 and wild type WT
*P<0.05.
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Fig.7 Overexpression of MhMYB114-Like improves Fe’* content and FCR activity in ‘Orin’ apple callus
L1, L2, L3 and wild type WT
* P <0.05.

DL SRR, MhMYBI114-like i3 & 3RIASE & 1 3¢ 45 2H 436 BBk il 38 i i 14

3 Wi

s R AE R D I 38 R R R A REE T, I8 B B 7 XS A E e 4 &, B
K EARFERFIE, MY Ae S A AN 5B A4 (Singh et al., 2002; Nakashima etal., 2009; 7KE
55, 2019). MYB 1EA—RB R 750k, a6 Z 0 PR, S58EEKIR
AR, AR N o ARG o T 22 9 5 MRhMYB 114-Like 1£ Sk 3 7 T O 4F I 3EAT 1 1
o BRERMMHEALFRIS, HAIME T MRMYBI114-Like A E WS ETF, 72 HIFESERALFE S 1) 48 h Al
12 h B IR BEAE , XA BB MAMYB114-Like %58 & 5262k R 1), M AR R 7 MAMYB114-Like
TESRER AR FRRIE. WA, B TF oS R IB IR MhMYBI114-Like 75 FAFAE SEAL IR B oA, HE
AT RE 54k ME 15 S MAMYBI114-Like FiAZFRIEA %,

546, MhMYB114-Like (1323 0F 5252 SIS ER B 5 S, AR D0 A8 S B 0 IR R e 1 e 21 =
BUEA . I AL A SE R AL, AT EER AR B B2 qRT-PCR KL A I, SRk T 7% 3 R @ s
B AE R RIS TR B35 BT M A2 A B s B 2 AR — R A RO LLE RIAES . SOD CAT
F1 POD W FAEY BRI DCEARR, T ISR N FE T, SO BRI A AR B B 52 45
FREEFRMR (HYVAE 2%, 2011; AJFIe 45, 2019). ARIET, FER @A RLELRME T 1S T
SOD. POD 1 CAT KT HHXS R INEk (R 25 0F TRV, X2 RN B MY IR N &R
PG ) B B sy, AAEYI BRI, S PP R TS T O 2 2 B R B (R R
S DRI o IR A Dl v 1 N v TR R A B A A A S R M, 3K U0 B R R R A A A R B B AR
RAMREI T B AT, A KT YEATE BREE 71, AT T 4E R R G142 5E (Sinha et al., 1997).
IEAk, FCR WEVEAE R ) — AN E B IR R 2 —, TEA BRI A sk e R 5 3 R 4 4 21
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FCR y&PE R 2 m T AR, 1X 5 Fan %5 (2017) fE H Z J X} IbVP1 W5 45 R —50, Ui MhMYB114-
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