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Plant survival in the rhizosphere depends upon the recognition and interaction with soil
microorganisms, especially bacteria and fungi, which are abundant in the soil. The
interaction between plants and microbes is not always detrimental but sometimes benefits
both partners. The ancient and widespread beneficial symbiosis is the arbuscular
mycorrhiza symbiosis which is based upon the mineral nutrients and fixed carbon
exchange between mycorrhizal fungi and more than 80% of plants on the land. Another
agronomically crucial root nodule symbiosis occurs between legumes with Rhizobia
supplying nitrogen to plants in exchange for carbohydrates. The rest of the soil microbes
are pathogenic and infect the host for survival. However, plants evolved their defense
mechanism to tackle the invaders and, at the same time, recruit beneficial symbionts into
the root. In the case of pathogenic interaction, plants recognize molecular compositions of
invading microbial constituents called microbe-associated molecular patterns (MAMPs).
MAMPs perception by plants through pattern recognition receptors (PRRs) activate the
immune system. On the other hand, plants can recognize molecular cues synthesized by
beneficial microorganisms through specific receptors and establish symbiotic relationships.
Pathogenic and beneficial, both types of microbes secrete molecular compounds such as
short and long chitooligomers, lipochitooligomers, peptidoglycans with N-acetyl
glucosamine as the major component, and f-glucans, exopolysaccharides, and

lipopolysaccharides are recognized by lysin motif (LysM) receptor-like kinases (LysM-



RLKSs), plant-specific receptors mainly localized at the plasma membrane and activating
either innate immunity or beneficial symbiosis.

LysM-RLK comprises two functional regions across the transmembrane domain: an
extracellular region carries one to three LysM domains, and an intracellular kinase region
contains a kinase domain. LysM-RLKs can be categorized as active and pseudokinases
based on kinase domain catalytic activity. From ancient to modern plant species have
LysM-RLKs and many are characterized as Nod factors, Myc factors, chitin, peptidoglycan,
and exopolysaccharide perceived and signalling to down strem. Despite crucial roles in
symbiosis and immunity, the majority LysM-RLKs in seed plants and their functions are
unrecognized and uncharacterized.

Therefore, in chapter 1, I updated information of LysM-RLKs in Lotus japonicus and
characterized these 20 LysM-RLKs. To identify LysM-RLKs from diverse plant species
and constructed a phylogenetic classification by using full-length amino acid to address the
evolutionary and functional characteristics, the phylogeny analysis supported by protein
homology and kinase functionality categorized 193 LysM-RLKs from 16 angiosperm
species into 14 distinct clades and one out-clade receptor. Classification revealed that
selected species possessed clade I receptors, mostly recognized as Nod factors/chitin
receptors, and clade III receptors which are uncharacterized but conserved from ancient
Bryophytes expect for Physcomitrella patens. This study also identified dicots and
monocots-specific clades and predicted the evolutionary drift of LysM-RLKs. Also, a
correlation was found between the species that lost arbuscular mycorrhiza symbiosis and
the lack of clade II receptors.

In chapter 2, I focused on L. japonicus clade II receptors, EPR3, and its homolog receptor
LY S8 role in root nodule and arbuscular mycorrhiza symbiosis. Expression of the Epr3
promoter region was highly induced in root nodules and nodule primordia whereas, Lys8
gene showed expression in the arbuscule-containing cortical cells and vascular regions.
Mutant analysis of epr3 and lys8 showed that mutation of Epr3 and Lys8 genes have an
inadequate effect on root nodule and arbuscule formation, suggesting two receptors have
amy redundant roles in the Lotus-Rhizobia and Lotus-AM fungi symbiosis. The analysis
suggests that both EPR3 and LYS8 are not essential and have no role during pre-symbiotic
signalling however, EPR3 acts during root nodules symbiosis and LYSS8 positively
regulates arbuscular mycorrhiza symbiosis.

Altogether, the phylogenetic classification illustrates the evolutionary pattern of LysM-

RLKSs and predicts novel receptor functions and interactions with microorganisms.
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