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Abstract: Metal tolerance protein (MTP), also known as cation diffusion facilitator (CDF), is a metal ion trans-
port-related protein. To study the sequence characteristics and evolutionary relationships of the MTP gene
family in Amaranthus hypochondriacus L., and to predict the functions and regulatory mechanisms of its mem-
bers, we took the latest A. hypochondriacus genome as a reference and identified a total of nine members of
the A. hypochondriacus MTP family. According to their sequence characteristics, they were divided into three
subgroups: Zn-CDF (3), Zn/Fe-CDF (4), and Mn-CDF (4). All family members contained a cation_efflux do-
main, a typical feature of MTP transporters, with some also containing a ZT_dimer domain. Chromosome
mapping showed that the nine MTP genes were distributed on seven chromosomes. Under cadmium (Cd)

stress, the expression levels of AWMTP7 and AhMTP9 were inhibited in both leaves and roots, while the ex-
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pression level of AWMTP6 was inhibited in leaves but induced in roots. The expression levels of the other six
AhMTPs were induced by Cd, with AhMTP2 and AhMTP3 only induced in leaves, and AhMTP5 only induced

in roots. Promoter cis-acting element analysis identified several cis-acting elements in the AWMTP promoter

for stress response, growth and development, and hormone signaling. MicroRNA (miRNA) prediction analysis

showed that 15 miRNAs targeted seven AhMTPs.
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Table 1 Basic information of MTP family members in Amaranthus hypochondriacus

A BRS HARKE FER K Vi S 7240 L 5E oz

Gene Accession number  Proteinlength/aa  Genelength/bp  Molecular weight / Da Isoelectric point  Localization
AhRMTP1 AH022184 376 8344 41127.39 8.75 L&
AhMTP2 AH001412 830 2493 93971.60 6.94 20 MO RS A
ARMTP3 AH022259 451 12747 49774.67 7.80 (01
AhMTP4 AH023492 396 6491 44 899.19 4.87 L&
AhRMTPS5 AH010891 417 5541 47 165.96 5.67 i
AhRMTP6 AH020319 224 6107 25139.53 9.54 2 o R/
AhRMTP7 AHO016853 205 2747 23800.73 6.83 L&
AhRMTPS8 AH019735 155 4707 16 885.61 5.78 i
AhRMTP9 AH006882 279 4895 31121.67 4.81 &
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Fig. 1 Phylogenetic tree of Amaranthus hypochondriacus, Arabidopsis thaliana, and Beta vulgaris

ANFEBEFEAERAFE Y. FE: BT, A6 #,; BE. TS, REBESNERRG, aaE41, safRas,
mefRg e, wlaRAT, HEaRgs, LR, WiEaRa12,

Different color fonts represent different species. Yellow for Arabidopsis thaliana, white for Beta vulgaris, and black for Amaranthus
hypochondriacus; Different color branches represent different groups, red for group 1, green for group 5, black for group 6, bright blue for
group 7, yellow for group 8, purple for group 9, and dark blue for group 12.
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Fig. 2 MTP gene structure and transmembrane domain analysis in Amaranthus hypochondriacus

A: ARMTPs ZER 454453875 B: ARMTPs BSIRZS 31T ; C: AhMTPs {R 5745 H 48053 47 .
A: Gene structure analysis of AhMTPs; B: Transmembrane domain analysis of AhMTPs; C: Conservative domain analysis of AhMTPs.
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3 THAMPPRERAFBEEMRER
Fig. 3 Chromosome location information of MTP family members in Amaranthus hypochondriacus

AEBEARRE O ERENEZ ., B OBRRARREEZR.

Different colors represent gene density on chromosomes. Deeper blue indicates higher density.
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