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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Fundamental studies on gene expression of plant hemoglobins of Glycine max under abiotic stresses

Name: ARARAGI Masato

This thesis comprises five chapters. Plant hemoglobin (GLB) is one of the plant molecules that is involved in
nitric oxide (NO) regulation. Eight genes encoding GLB have been identified on the genome of soybean, Glycine
max. In this thesis, expression of the GLB genes was characterized under flooding and salt stress, and GmGLB1 and
GmGLBI1-like were identified as the gene responsible for NO regulation under stress condition.

Chapter 1 is general introduction. The relations between abiotic stresses and NO, control of NO by plant GLBs
and phylogeny of plant GLBs are summarized.

Chapter 2 characterizes the growth of Glycine max cv. Fukuyutaka, a soybean cultivar used in this study, under
flooding. Fresh weight of the plants and relative concentration of NO in the roots were measured. Flooding reduced
fresh weight of the roots and increased the amount of NO in the root tissue. Based on these results, the function of
NO and the mechanism of the inhibition of the root growth were discussed.

In Chapter 3, expression of the eight GLB genes is analyzed and the function of GLBs is discussed. GmGLBI and
GmGLBI-like responded to NO donors. The induction of GmGLBI1 and GmGLBI-like was diminished by the NO
donor co-treated with its scavenger, suggesting that GmGLBI and GmGLBI-like were NO-responsive and regulated
NO in soybean.

In Chapter 4, the expression of soybean GLB genes is investigated under flooding and salt stress, which did not
lead plant NO-generation different from flooding. In the roots exposed to these stresses, no GLB gene responded to
NaCl, but all GLBI and GLB3 genes responded to flooding. Notably, GmGLBI, which was NO-responsive and
ubiquitously expressed in the plant, also highly responded to flooding. Thus, GmGLBI might be induced by abiotic
stress like flooding via NO and regulate NO in various tissues. Whereas the expression of GmGLBI-like, which
belongs to GLBI1 clade with GmGLBI, was NO-responsive, its expression was not so strongly induced as that of
GmGLBI and was restricted to the leaves, suggesting that GmGLBI-like mainly functions in leaves rather than in
roots. The flooding also induced the expression of GmGLB3 which was not NO-responsive, suggesting that flooding
induces GLB genes not only NO dependently but also NO independently. The expression of GmGLB2 which
encodes leghemoglobin regulating oxygen partial pressure for the nitrogenase activity of the symbionts was strictly
restricted to the root nodules, and GmGLB3 which were highly expressed in the nodules, may also function for
maintaining nodules like leghemoglobin.

Chapter 5 is a summary. Among the eight GLB genes in soybean, GmGLBI and GmGLBI-like were induced by
NO and might be responsible for NO regulation in soybean. This thesis proposed that GmGLBI and GmGLBI-like

could be used to improve the symbiotic ability of soybean.



