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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Function of a class 1 plant hemoglobin of Lotus japonicus in the root nodule symbiosis

Name: Mitsutaka FUKUDOME

This thesis comprises 6 Chapters. In this thesis, the function of LjGIbl-1, which is a class 1 plant
hemoglobin of Lotus japonicus, was clarified in the root nodule symbiosis. It was also demonstrated that
overexpression of LjGIbl-1 gene improved the symbiotic ability by modulating nitric oxide (NO) in the
nodule tissue.

Chapter 1 is an introduction. Classification and characteristics of plant hemoglobins were reviewed in
relation with NO and plant hormones in various physiological and pathogenic responses of plants.

In Chapter 2, the role of LjGIb1-1 in the root nodule symbiosis was discussed based on the symbiotic
phenotype of three mutant lines of LjGIlb1-1 gene of L. japonicus. Plants of all three mutant lines showed
decreased nodule numbers and lowered nitrogenase activity of their nodules. The roots and nodules of the
mutant plants exhibited a greater accumulation of NO than did the wild-type (WT). In conclusion, the
mutants of LjGIb1-1 gene revealed that this protein contributed to establish proper symbiosis by modulating
NO level.

In Chapter 3, the stable overexpression lines (Ox1 and Ox2) of LjGlbl-1 gene were generated and
phenotyped. Although the number of nodules did not change in the both Ox lines, they showed reduced NO
level in their roots and enhanced nitrogenase activity of the mature nodules relative to the WT. The higher
nitrogenase activity of the nodules on the Ox lines could be attributed to the lowered NO level caused by the
overexpression of LjGIb1-1 gene.

In Chapter 4, nodule senescence of the Ox lines was investigated. Both Ox lines showed reduced NO level
in their roots and enhanced nitrogenase activity even in the senescent nodules relative to the WT.
Physiological and cytological observations and expression analysis of three senescence-related genes
indicated that overexpression of LjGlb1-1 gene delayed nodule senescence. The application of a NO donor to
WT nodules or a phytohormone, abscisic acid, and an ethylene precursor repressed nitrogenase activity
concomitant with the expression of three senescence associated genes, and caused cytological changes
evidencing nodule senescence. These effects were almost completely suppressed by a NO scavenger. This
beneficial effect, delayed senescence, was probably mediated by the participation of LjGlb1-1 in modulating
the level of NO that may be produced downstream in the phytohormone signaling pathway in the nodules.

In Chapter 5, it was investigated whether enhancing of NO modulation by overexpression of LjGlb1-1
gene contributes to tolerance against flooding of the root nodule. In the WT, nitrogenase activity of the
nodules was decreased by one-week flooding, and NO level in the tissue was also increased. On the other
hand, Ox line was tolerant against flooding; nitrogenase activity did not decrease and the NO level was lower
in the tissue. Based on these results, it was concluded that overexpression of LjGIb1-1 gene contributed to
flooding tolerance with enhanced NO modulation.

Chapter 6 summarizes the presented results and gives the discussion on the function of LjGlb1-1 in the
root nodule symbiosis considering with the crosstalk among LjGIb1-1, NO and plant hormones. This chapter
concluded that LjGlb1-1 contributed to efficient symbiosis by modulating NO from early- to senescent-stage
of the symbiosis. The plant hemoglobin gene could be a useful genetic tool to provide beneficial properties to
plants.



