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Ionomics study of Lotus japonicus
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Legume is second important crop in world agriculture, enhances the protein content and the
nutritional status of staple food in addition to the cereal-based diets. Unfortunately, the
functional genomics studies of legume on nutrition and other trace elements have not kept
pace with those of cereals. Hence, with the concept of ionome, which is defined as the
mineral nutrition and trace elements composition of an organism, Lotus japonicus, a good
genetic tool for legume study, was applied to investigate element uptake and translocation in
plants, and the gene networks that control plant nutrient and other trace elements partitioning.

The ionome of L. japonicus was determined on 17 elements in plant tissues, including
essential and non-essential elements: B, Al, Na, Mg, K, Ca, Mn, Fe, Ni, Cu, Zn, As, Sr, Mo,
Cd, Cs and Pb. Three independent experiments were carried out to elucidate the
interrelationship between elements, and the connections between legume genome and ionome.
At first, the elemental composition in plant tissues were detected by growing L. japonicus in
standard nutrition solution with additions of As, Al, Ni, Cd, Mo, Cs, Pb, and Sr in different
levels (Experiment 1); secondly, the ion-profile of L. japonicus 45 natural accessions was
investigated to depict plant ionome change following natural plant genome variation
(Experiment 2); and then an ionomics screening by using the 1,924 EMS-mutagenized lines
were undertaken to identify the mutants with altered elemental profile (Experiment 3).

The element portioning among leaves, stems and roots was revealed in L. japonicus from
the Experiment 1. Large amounts of B and Ca accumulated in plant leaves, while Fe, Na, Ni,
As and Cd tended to be mainly remained in roots, and Mo was the only element to
accumulate in stems. The elemental compositions within plants were severely disturbed by
the treatment with toxic elements, following with obvious growth retardation. Competition

between element pairs in the same periodic group (K and Cs; Ca and Sr) did not observed in
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any part of plant. Interestingly, divalent trace elements Fe, Cu and Zn accumulation were
induced by Cd and Ni addition; a common mechanism is suggested for those heavy metal
detoxification in L. japonicus. According to the‘ effects of As, Al, Ni, Cd, Mo, Cs, Pb, and Sr
to plant growth, a modified nutrition solution with subtoxic level on plant growth of those
elements was designed for further investigation of natural accessions and mutants’ ion-profile.

The ionome of 45 natural accessions grown in the modified nutrition solution were
analyzed in Experiment 2. The results of principal-componént analysis of element
concentration in plant shoots revealed intriguing relationships between elements. Some
elements showed highly positive correlation between each other, and can be classified into
three groups: Fe and As group, Mg and Ni group, and Ca and Mn group. The concentrations
of the elements belonging to the same group were found to be generally co-increased or
decreased in most of the natural accessions. In addition, Fe and As showed a strong negative
correlation to Cs and K. This experiment gained new understanding of the element
interrelationship in plants, elements differed in chemical properties may be closely linked in
uptake or translocation systems.

Next, approximately 2,000 mutagenized M2 plants of L. japonicus were cultivated in a
novel low-cost high-throughput system and their elemental profiles were detected by ICP-MS
in the Experiment 3. After triple check of their element concentrations in shoots, thirty-one
mutants at M3 generation were identified with altered elemental profiles. Surprisingly, the
overview of element affected in the identified mutants revealed that the number of genes
regulating essential elements is not larger than that controlling non-essential elements.
Furthermore, based on the elemental profile of identified mutants, we speculate that the
transport of Mg and Ni, even P and Co are co-regulated by many genes in L. japonicus.
Several mutants with interesting altered ion profile are considered as useful mutants for
further gene isolation, such as mutant 1-14 with decreased Mn, mutant 8-18 with decreased
Mg and Ni, mutant 3-8 with increased Mg and Ni and obvious phenotype, mutant 4-22 with
extremely decreased Mo, and mutant 4-20 with increased Na, K and Cs. .

Ionomics‘ study of L. japonicus offers detailed information of element partitioning and
interactions in legume, and is proved to be a powerful functional genomics tool to dig out the
genes related to ion uptake and translocation in this study. The thesis may open the new
insight into the gene networks that influence the acquisition and distribution of multiple

elements in plants, especially for legume.
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