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                    Abstract
Phytic acid (PA, myo-inositol-1,2,3,4,5,6-hexakis-phosphate) and its salt form (phytate) are the principal storage forms of phosphorus in cereal grains. Since PA and phytates cannot be efficiently digested by monogastric animals, the abundance of PA in cereal and legume grains causes nutritional and environmental problems. The present study aimed at developing breeder-friendly functional molecular markers of five low phytic acid (LPA) mutant alleles of three rice (Oryza sativa L.) genes: viz., XQZ-lpa (a 1,475-bp deletion) and KBNT-lpa (a C→T single nucleotide polymorphism [SNP]) of LOC_Os02g57400, Z9B-lpa (a 6-bp deletion) and MH-lpa (a 1-bp deletion) of LOC_Os04g55800, and XS-lpa (a C→T SNP) of LOC_Os03g04920. First, markers for gel-based length polymorphism analysis were developed: viz., two insertion–deletion markers for XQZ-lpa and Z9B-lpa, two cleaved amplified polymorphic sequence (CAPS) markers for KBNT-lpa and XS-lpa, and one derived CAPS marker for MH-lpa. Second, the high-resolution melting (HRM) curve analysis method was explored for distinguishing plants with wild-type (WT) and LPA alleles (except XQZ-lpa). Plants of genotypes with homozygous mutant allele and WT, and with heterozygous alleles, could be directly differentiated by HRM for KBNT-lpa, XS-lpa and MH-lpa; only heterozygous individuals could be directly distinguished from homozygous WT and mutant plants for Z9B-lpa. However, by adding 15 % WT DNA templates to test samples before PCR, amplicons of three genotypes of the Z9B-lpa allele could also be differentiated by HRM analysis. Third, it was demonstrated that these markers could be effectively used for marker-assisted selection of LPA rice, and breeding lines with two non-allelic LPA mutations were developed with PA contents significantly lower than their respective parental LPA lines. Taken together, the present study developed functional molecular markers for efficient selection of LPA plants and demonstrated that double mutant LPA lines with significantly lower PA levels than primary LPA mutants (with single mutations) could be developed by pyramiding two non-allelic LPA mutations.
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