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Graminaceous plants utilize mugineic acid family phytosiderophores (MAs)
and nicotianamine (NA) for the transport of heavy metals, such as uptake
from soil of iron (Fe) and zinc (Zn), as well as their translocation inside the
plant body. Foxtail millet and Japanese barnyard millet contain more Fe and
Zn in their polished grains than rice, while pearl barley contains less of both
metals. Accordingly, in this study, foxtail millet, Japanese barnyard millet,
and pearl barley were used to elucidate the contribution of MAs and NA in
Fe and Zn uptake, translocation, and storage in millet grains. First, varieties
of MAs secreted from roots were determined using Fe-deficient plants by
HPLC. Foxtail millet secreted MA, deoxymugineic acid (DMA), and avenic acid
A (AVA), while Japanese barnyard millet secreted hydroxy-deoxymugineic
acid and DMA. Only MA was secreted from the roots of pearl barley. Gene
expression of the predicted genes, including NA synthase, NA aminotransferase,
and DMA synthase was strongly induced by Fe deficiencies in both the roots
and shoots of foxtail millet. On the other hand, a gene similar to barley IDS3,
whose product converts DMA into MA, was strongly induced in roots but not
in shoots, indicating that the synthesis of MA in foxtail millet is limited in
roots. Endogenous MAs in roots and young leaves of control and Fe-deficient
foxtail millet showed that it may utilize four types of MAs inside the plant body.
Further investigation to identify the genes for AVA synthesis and MAs synthesis
in millet species is necessary to clarify differences in metal accumulation.



