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Identification of rice metallothionein gene family and functional
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Abstract: Metallothionein (MT) is a low molecular weight protein. At present, a large number of
studies on the molecular mechanisms of plant uptake and regulation of heavy metal Cd
accumulation have been carried out. However, the research results obtained are relatively not
systematic enough, mainly focusing on the study of some transporter proteins. To bridge the
existing gap in systematic understanding of the metallothionein gene family, we aimed to uncover
its potential functions within the rice regulatory network. Through bioinformatics analysis, a total
of 14 rice MT gene family members were identified. The motif structure prediction indicated that
there were great differences among members of this family, which could be classified into 4
subfamilies by phylogenetic analysis of protein sequences. OsMT1.44, OsMT1.4B, OsMTI.4C,
OsMTI.1C, and OsMT1.1G existed in series clusters on the 12th chromosome. The predicted cis-
elements were related to plant hormones, growth, environment, and light responses. The expression
of most members was induced by various plant hormones, and the expression of 10 members was
upregulated by cadmium (Cd) stress. The OsMT1.34 and OsMT1.3B subfamilies showed greatly
differed conserved domains from other OsMTs genes, and their expression patterns were
completely different from those of other families. Heterologous expression of OsMT1.34 and
OsMT1.44 significantly improved the tolerance of bacteria and yeast to Cd, and overexpression of
OsMTI1.44 in rice significantly increased the effective panicle number and yield. This study
provides excellent genetic resources for breeding Cd-tolerant crops with potential for remediation
of Cd pollution by biotechnology.

Keywords: rice; microorganism; cadmium stress; metallothionein (MT) gene family; expression
pattern
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Table 1

family genes in rice

Physical and chemical properties of MT

Gene name Numbers of  Molecular pl GRAVY
amino acids  weight (kDa)
MTI1.2D 64 6.3 51 -2.08
MTI1.24 82 7.8 4.8 -0.10
MTI1.34 105 12.2 1.7 -0.41
MT1.2C 80 7.6 4.6 -0.18
MTI.1B 72 7.1 51 -0.14
MTI.2B 90 9.8 89 -0.22
MTI1.3B 65 6.8 49 -0.53
MT2.14 134 15.3 9.9 -0.37
MTI.14 60 6.1 57 =045
MTI.1C 78 7.6 56 -0.09
MTI1.4B 79 7.7 6.0 -0.00
MTI1.44 107 11.1 79 -0.13
MTI.1G 76 7.5 4.8 -0.11
MTI1.4C 79 7.7 89 -0.23
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OsMT1.4C. OsMTI1.1C. OsMT1.1G FyIhfignl fig
EERST, HAEITAE 2).

oA Chrl Chr3 Chr5 Chr6 Chrl1 Chrl2
OsMT1.34 OsMT1.24 OsMT1.3B
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40 Mb OsMT1.2C
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Figure 1
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Chromosome localization of MT family members in rice. Chr: Chromosomes.
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Figure 3  Conservative motif analysis of MT gene family members in rice. CDS: Conding region sequence;
UTR: Untranslated region; Motif: Conserved base sequence.
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Figure 4 Analysis of upstream homeotropic elements in rice MT family members. The graph on the left shows

the distribution intervals of the number of promoter types for gene family members, and the circle graph on the
right shows the number of gene family members in each promoter type.
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Figure 5 Heat map of differential expression profiles of rice MT family members under different hormones. A:

Abscisic acid; B: Gibberellin; C: Auxin; D: Jasmonic acid.
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Figure 6 Response patterns of MT family members in rice aboveground parts under cadmium stress.
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Figure 7 Microbial growth curves of heterologous expression of OsM7T1.34 and OsMT1.4A4 under Cd stress. A:
Discounted growth plot of Escherichia coli; B: Yeast phenotype on SD-ura plate after 3 days; C: The cadmium
content absorbed by yeast after 3 days of cultivation with 70 pmol/L of cadmium added to SD-ura medium. Each

assay contained 5 replicates, with different letters indicating significant differences between treatments (P<0.05).
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Figure 8 Agronomic traits and phenotypes of rice overexpressing OsMT1.44 in the field. A: Rice OE2 and
‘ZH11’ phenograms. Scale bar=25 cm. B: Yield per plant. C: Rice plant height. D: Effective number of spikes.
Each assay contained 6 replicates, with different letters indicating significant differences between treatments
(P<0.05).
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