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Genome-wide identification and expression patterns in response to cadmium
stress of SpMTP gene family in Sedum plumbizincicola
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Abstract: [Objective] Metal tolerance protein (MTP) is involved in heavy metal tolerance and transport in
plants. As a cadmium (Cd) hyperaccumulator, Sedum plumbizincicola has poorly characterized MTP family
features and Cd response mechanisms. This study identified SpMTP family members, and analyzed their
structure, evolution and expression profiles under Cd stress, to provide theoretical support for exploring the
molecular mechanisms of Cd hyperaccumulation in S. plumbizincicola. [Method] Bioinformatics methods
were used to identify SpMTP genes based on the conserved domain (PF01545) of the cation diffusion facilitator

(CDF) family. Phylogenetic analysis, conserved motif identification, gene structure analysis, and synteny
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analysis were performed using MEGA, MEME, and TBtools software. Cis-acting elements in the promoter
regions were predicted by PlantCARE. RNA-seq technology was used to analyze the expression profiles of 14
SpMTP genes in roots, stems, and leaves of S. plumbizincicola under Cd stress (400 umol- L ™) at different time
points (0, 1, and 4 d), and real-time quantitative PCR (RT-qPCR) was used to verify the expression reliability of
selected genes. [Result] A total of 14 SpMTP genes were identified in S. plumbizincicola. The encoded proteins
contained 4 to 16 transmembrane domains (TMDs) and were mostly localized to the vacuolar membrane or cell
membrane. Phylogenetic analysis classified these SpMTP proteins into 7 distinct subfamilies, with the closest
evolutionary relationship to orthologs in S. alfredii. Synteny analysis indicated that segmental duplication events
were the main driver of SpMTP family expansion. Promoter analysis revealed a variety of cis-acting elements
related to stress response, hormone signaling, and tissue-specific expression. Expression profiling showed that
SpMTP genes exhibited distinct spatiotemporal expression patterns under Cd stress: SpMTP9 was consistently
highly expressed in roots, SpMTPS.2 was rapidly induced in roots at the early stage of stress, and SpMTP3 was
consistently highly expressed in leaves, suggesting their specialized roles in Cd uptake, translocation, and
vacuolar sequestration, respectively. The RT-qPCR results confirmed the reliability of RNA-seq data.
[Conclusion] SpMTP gene family in S. plumbizincicola has formed a coordinated Cd stress response network
in roots, stems, and leaves through evolutionary expansion and functional differentiation, and its tissue-specific
expression pattern serves as an important molecular basis for the Cd hyperaccumulation capacity of S.
plumbizincicola. [Ch, 6 fig. 1 tab. 30 ref.]
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Table 1 Information of SpMTP gene family in S. plumbizincicola genome
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Figure 1 Phylogenetic analysis of MTP proteins from S. plumbizincicola and other 6 plant species
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Figure 2 Phylogenic relationship, conserved motif, gene structure analyses
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Figure 3  Synteny map of SpMTP gene family in different plant species
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Figure 4 Analysis of cis-acting elements in the promoters of SpMTPs
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