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Abstract: Natural resistance-associated macrophage proteins are a class of proteins capable of transport-
ing divalent metal ions, such as Fe** and Cd**. Eight Nramp homologous genes were isolated and identified
from apple (Malus pumila) genome which were divided into three groups based on their evolutionary rela-
tionship, amino acid numbers and physicochemical properties. WoLF PSORT predicted that all the proteins
were located in the plasma membrane. PlantCARE showed that their promoter sequences contained multi-
ple hormone response elements and abiotic stress response elements. Analysis of expression profiles
showed that the levels of their expression in apple leaves varied considerably with different varieties.
When treated with Fe**, Mn®*, Zn**, Cu® and Cd*, the expression levels of eight MpNramps were significant-
ly different in the leaves of ‘Gala’ apple (M. pumila ‘Gala’) tissue culture seedlings. Among them, MpNramp4
was sensitive to Fe** and Mn*, MpNramp1 and MpNramp6 were sensitive to Mn** and Zn*, while Mp-
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Nramp2 and MpNramp3 were sensitive to Fe**, Mn** and Zn**. All eight MpNramps were up-regulated under
Cu” and Cd* treatment, indicating a high sensitivity to toxic heavy metals.
Key words: apple; Nramp genes; heavy metals; gene expression
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atteZ2010), AtNramp2 4 % & AMn” #iz 5 H(Gao
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AEUE(E1).
2.2 MpNrampi2tttfR. ERSEHRIRTERFST
A8 N MpNramp LK R il E AR
FEPRA S FRAL A 5 A ARABL:, 4 43 32 (R 2).
I MpNrampH R 95 E ) 2 LR N
507~537; 5 H 70 1 5 955.44~58.96 kDa; MRk
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Table 1 gRT-PCR primers of Nramp gene family in apple

FE A S (5—3") THETIP(5'—3")
MpNrampl GCTCTTGTGGTCTGCAGTGG TAAGGAAGAACACCACTCCGTG
MpNramp2 GGGAGATAACTGGGAGCCTG CTGCTCCCCAAATCATCACCT
MpNramp3 TTCGCCTCTGAAGTGACTGG TGATACGTTGATGTCCCGCA
MpNramp4 ACCGCTCATTGAGGACACAG CCCTGACTGCAAATCCGTCT
MpNramp5 TTCAGAACCCACACCACCAC CAGGGCCAACATGTGCTAGA
MpNramp6 AGTGTCGGAGTGTCTGCTTTT TGATCCGCACCAGCTTGAAA
MpNramp7 AGGACGGGTTCAAGAGGCAC CCCTTGGCGAAAACTGTGGTG
MpNramp8 TGAGGGAGATACCTGGGAGC CTTCCTCCATCGTCGCCTTT
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Fig. 2 Gene structure (A) and conserved motif (B) of MpNramp family
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SRk, AT KRS BRE. ZTWEZH
Co AN NSO O ANNO ~ o« FE) 0 KB 5~11/Nramp % 74 (Curie%5:2000; Taka-
hashiZ£2011; Li%52021a; TianZ$2021). ASHF 5 M
S SR PR 2H 4 5 B8 MpNrampFER|, EATTHIE: Fr
A RS AN HE I B AR — 3, fE kAL b R
o KHZ MY Nramp 3 58 A7 T 40 o J57 J5 (%R
A RE52020), 37 2R 18/ Nramp H H 45 & A7 T
JIE5 Jo JIEEE 240 L P A1 40 I, A6 T 5 S T Nramp
W &R T

— MR UL, PH & 118 B KA s A )
P& FAR LR ST 1) 42 )8 B8 1 B B I BUIK, X
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S = =@M = =A== = AN BB T sk, e 1BE AT LIMEEFe® . Mn®',
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o g M Ao oMo o oo | NrampZki AR RGN T I 0 ST H
N 7] 135 $% 1% (Ishida A1l Corcino 2022), Ebtm, 7K F
OsNramp | 75 BZ B} 7 3% 3K B 58 % 32 S 4 AL = 1,
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Table 3 Cis-acting elements and their number in the promoter region of MpNramp genes
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Fig. 3 Expression patterns of MpNramp in different organs of different apple varieties
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