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Biofortification of rice by cross-breeding or engineering
the genes involved in iron and zinc nutrition

May Sann Aung, and Hiroshi MASUDA
Department of Biological Production, Akita Prefectural University

Iron and zinc deficiencies are a serious problem for human nutrition
worldwide, including in Japan. Producing new rice varieties with high iron and
zinc in their seeds (i.e., “biofortification”) will contribute to the mitigation of
this micronutrient malnutrition problem. Accordingly, we have applied two
approaches to increase iron and zinc nutrition in rice seeds: 1) cross-breeding
with high iron and zinc Koshihikari-mutant rice lines, and other varieties
(Yumeobako-low-Cd or Tohoku-hai-232 lines) for agricultural extension in Akita
prefecture; and, 2) production of new rice varieties via genome editing of the
genes involved in iron and zinc homeostasis in rice.

For approach 1), we cultivated F4 cross-breeding rice lines in the field, and
analyzed the yields, panicle initiation date, and mineral concentrations in
brown seeds. The yields and other agricultural traits were not different in the
F4 breeding lines compared to their parental lines. The panicle initiation date
of F4 cross lines was the end of July, which is sufficient for cultivation in
regions with shorter summers, such as Akita Prefecture. The seed iron and zinc
concentrations were found to have increased by roughly 1.5-fold in the F4
cross lines, compared to the parental rice varieties.

For approach 2), we established a vector-making flow in our new laboratory.
Afterwards, we constructed rice genome editing vectors for two target genes,
OsYSL9, and OsVIT1, which are iron homeostasis-related genes, as knockdown
or knockout of these genes will increase the iron and zinc concentrations in
rice seeds. We are now processing the rice transformation of Japanese rice
(Akitakomachi) and Indica rice varieties with these vectors in order to obtain
genome-edited high iron and zinc rice lines.



