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Abstract: The biological uptake of iron (Fe) is one of the important processes during Fe biogeochemical cycling in the
environment. It not only controls the enrichment of Fe concentration in rice grain but also affects the uptake and transport of zinc
and cadmium within rice. Therefore, understanding the fate and mechanism underlying Fe uptake and transport has significant
implications for increasing rice yield, overcoming human nutrient deficiency, and ensuring human health. To solve the above

scientific issues, the research progress on gene expression of Fe transporter and Fe isotope fractionation together with
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spectroscopic analysis in soil-rice systems were investigated. This study aimed to provide a more comprehensive understanding of
root uptake and transport in soil-rice systems and to reveal the impact of Fe on zinc and cadmium uptake. Intending to provide a
theoretical basis for the quality improvement of food crops and safe crop production, this study starts from the perspective of
analyzing the mechanism of Fe transport and transporter in the soil-rice system and provides an in-depth discussion of the
research progress at three levels: the function of plant transporter proteins in the process of Fe transport, the isotopic fractionation
characteristics of Fe in the soil-rice system, and the subcellular localization of Fe. The combination of gene expression
quantification, isotope fractionation, and subcellular localization analysis provides new scientific evidence and knowledge on Fe
transport in rice. Therefore, to more accurately identify the transport processes of multiple heavy metals in the soil-plant system,
the combination of isotope characterization and spectroscopic techniques and tools such as gene expression can provide more
scientific information for a deeper understanding of the metal isotope signatures of metal species and fate, biotic and abiotic
processes, or for the validation of specific hypotheses. Based on the current study, the following research points remain to be
elucidated: (1) Fe uptake strategies have been further corroborated by isotope fractionation methods in Fe-deficient or Fe-rich
environments as well as flooded or fall-dry conditions. However, the mechanism of Fe redox-driven response to Fe uptake during
the typical dry-wet alternation in rice whole-life processes remains elusive. (2) Fe deficiency promotes the expression of OsZIP5
and OsZIPY, the common transporter proteins for zinc and cadmium, as well as the cadmium transporter proteins OsSNRAMP1
and OsNRAMPS. In addition, rice can maintain the internal homeostasis of Fe and zinc during wet and dry alternation. Therefore,
it is hypothesized that the expression of OsZIP5 and OsZIP9 can be enhanced by properly regulating the environmental Fe
deficiency for stable absorption of zinc, and the expression of OsNRAMPI and OsNRAMPS5 can be reduced by exogenous
inhibition to reduce cadmium uptake. This will effectively achieve the triple combination of efficient Fe uptake in rice as well as
simultaneous promotion of zinc uptake and reduction of cadmium uptake. Nevertheless, the exact methodology needs to be
thoroughly researched over a long period. Thus, this study will provide important theoretical and scientific support for the food
crop's quality improvement, safety production, and design of new research directives for understanding the transport of Fe in rice
plants and the fate of zinc and cadmium.

Key words: Rice; Uptake and transport; Transporter; Iron isotope fractionation; Spectral analysis
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Fig. 1 The distribution locations and major roles of iron-, zinc- and cadmium-related transport proteins.
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Fig.2 The isotopic fractionation characteristics of different parts in the soil-rice system ( a. Hydroponic or soil treatment®®, b. Wild rice paddy
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Fig. 3 The iron isotope composition of nutrient solution-root-stem in hydroponically grown rice systems under different Zn treatments ( a.

Tillering stage and b. Maturity stage )
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Fig. 4 The distribution of Fe in nodes of rice at maturity ( a. Nodes without foliar silicon spray treatment, b. Nodes sprayed with silicon at the

nodulation stage and c. Nodes sprayed with silicon at the maturity stage )
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