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（様式３） 

博士論文の要旨 

 

氏 名 Goto, Takashi 

 

論 文 題 目 Auxin methylation during establishment and evolution of root nodule 

symbiosis 

(根粒共生の成立過程と進化におけるオーキシンメチル化) 

 

Leguminous plants attract nitrogen-fixing bacteria called rhizobia, which are 

accommodated in root nodules. Rhizobia supply ammonium to host plants, and the host 

provide a home and photosynthates to rhizobia. This relationship called “root nodule 

symbiosis” is evolutionarily acquired in the nitrogen-fixing clade, and highly conserved 

in the legumes. Root nodule symbiosis involves organogenesis, through a combination 

of rhizobial infection in root epidermis and subsequent primordium formation in root 

cortex. In epidermis, attached rhizobia are entrapped in infection chambers of deformed 

root-hairs. Rhizobia then penetrate tissues, through infection threads (ITs, plant-derived 

intracellular tube-like structures). Concomitantly, in cortex, developmental 

reprogramming is initiated. Cortical cell division occurs to form nodule primordium 

and also provides an indispensable scaffold for IT progression from epidermis to cortex. 

Cortical cell division occurs just below the site of rhizobial infection in epidermis. 

Spatiotemporal coordination across epidermis and cortex is needed for establishment of 

root nodule symbiosis, but little is known about the molecular mechanism. 

 

A symbiotic mutant “daphne”, isolated from the model legume Lotus japonicus, 

has uncoupled symbiotic events in epidermis and cortex, in that it promotes excessive 

IT formation in epidermis but does not produce nodule primordia in cortex. Therefore, 

daphne should be useful for exploring unknown mechanisms and signals that coordinate 

these different events across tissues. Here, I firstly conducted a time-course 



transcriptome analysis of non-inoculated and post inoculated daphne roots, and 

identified genes that showed differential expression patterns in daphne and wild-type. 

Secondly, I focused on IAMT1, IAA carboxyl methyltransferase 1 (IAMT1), one of the 

most differentially expressed gene (DEG), and analyzed IAMT1 and auxin methylation 

in root nodule symbiosis. 

 

Hierarchical clustering of 1,076 genes extracted from the transcriptome analysis 

revealed four subgroups, based upon expression patterns: In cluster I (473 genes), 

transcript levels increased at 1 day after inoculation (DAI) in wild-type but increased 

to a greater extent and more transiently in daphne. In cluster II (204 genes), 

transcription was activated at 1 DAI in daphne whereas, in wild-type, transcription was 

unchanged or attenuated. Cluster III included 222 genes that were more highly up-

regulated in wild-type than daphne. Cluster IV grouped 177 genes that displayed 

temporal up-regulation in wild-type but for which expression was not altered in daphne. 

Genes associated with epidermal infection, such as those involved in IT formation 

and/or those acting from infected epidermis to cortex, may be included in clusters I and 

III, which show increased expression in wild-type. In addition, genes involved in 

excessive epidermal infection in daphne are most likely to be included in cluster I. 

 

I focused on Lj2g3v3222870, which encodes IAMT1, one of the most 

differentially expressed DEGs in cluster I. IAMT1 is an enzyme that converts auxin 

(IAA) into its methyl ester (MeIAA). Phylogenetic analysis suggested that IAMT1 is 

duplicated in the legume lineage, and two paralogs were named IAMT1a and IAMT1b. 

IAMT1a was induced by rhizobial infection, and mainly expressed in root epidermis. 

IAMT1a knockdown by RNAi inhibited cortical events such as nodule and its 

primordium formation, but not epidermal infection. The finding that IAMT1a was 

mainly expressed in epidermis but its function is critical in cortex suggests that IAMT1a 



may be involved in coordinated epidermal and cortical regulation. LC/MS-MS 

successfully detected MeIAA in roots infected with rhizobia, with higher amounts in 

daphne than wild-type. Constitutive expression of MeIAA demethylase gene inhibited 

nodule formation. In addition, exogenous MeIAA induced expression of NIN gene, a 

key regulator of cortical cell division, without rhizobia. These data indicate the 

importance of auxin methylation in root nodule development and its evolution. 

 

IAMT1 has previously been reported to serve an important function in shoot 

development of Arabidopsis. A gene duplication of IAMT1 in the legume lineage may 

have resulted in the evolutionary acquisition of auxin methylation in roots and its 

involvement in nodule symbiosis. Legumes have developed epidermal infection systems 

to escort rhizobia in the process of acquiring the current nodulation systems. In parallel, 

legumes may have acquired a coordinated epidermal and cortical regulation system, 

which might have helped to combine the epidermal infection system acquired by the 

legume with the developmental program that acquired in the nitrogen-fixing clade. My 

study provides a new molecular and evolutionary basis for the coordination of infection 

and development in the establishment of root nodule symbiosis. 
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