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Abstract of Thesis

Duckweed has attracted increasing attention as a promising bioresource because of its rapid growth, global
distribution, and nutritionally valuable biomass. Increasing evidence indicates that their growth and physiology
are strongly influenced by the associated microbiomes and specific duckweed-associated bacteria (DABs).
However, most previous work has focused on rooted duckweeds such as Lemna and Spirodela, the microbiomes
of Wolffia, which holds an exceptionally promising bioresource and for which the establishment of efficient
cultivation technologies is desired, remain insufficiently characterized. Given its unique morphology, the
structure and function of the Wolffia microbiome likely differ from those of rooted duckweeds. Thus, clarifying
the microbiome of Wolffia is essential for providing insight to enhance its biomass production. Therefore, the
overall objective of this study was to clarify the structure and function of the Wolffia microbiome and to identify
and characterize DABs acting as plant growth-promoting and -inhibiting bacteria (PGPB and PGIB,
respectively) within Wolffia microbiome.

In Chapter 1, as the introduction of this study, Wolffia is highlighted as a next-generation bioresource with
high potential for food and environmental applications. The chapter reviews current strategies to improve
duckweed biomass production and summarizes existing knowledge on duckweed microbiomes and DABs, in
order to clarify limitations and research gaps and to set the objectives of this study.

In Chapter 2, the structural and functional properties of the Wolffia globosa microbiome and its effects on
host growth were investigated via co-cultivation with bacterial communities derived from various sources. The
results suggested that Wolffia selectively assembles its microbiome members from surrounding environments.
Although microbiome composition varied depending on microbial sources, a robust set of core taxa was conserved
across all sources. The microbiomes considerably influenced Wolffia growth, from strong promotion to clear
inhibition. Interestingly, municipal wastewater—derived communities were the most effective in promoting
Wolftia growth. Functional profiling of the microbiomes indicated that genes involved in chemotaxis, flagellar
motility, biofilm formation, quorum sensing, secretion systems, and transporters facilitate bacterial colonization
and adaptation to the rootless morphology of Wolffia. In addition, it was found that Bdellovibrionaceae,
Berjerinckiaceae, and Sphingomonadaceae may act as “keystone taxa,” shaping microbiome structure and
directly or indirectly influencing Wolffia growth.

In Chapter 3, nearly 100 DABs were isolated from seven Wolffia microbiomes and individually co-
cultivated with W. globosa for investigating their effect on the host growth. The results clarified that these
DABs exert effects on Wolffia growth ranging from strong promotion to strong inhibition. Ten strains were
identified as PGPB candidates and nine as PGIB candidates, of which seven PGPB and four PGIB corresponded
to core ASVs, respectively. These results suggested that a small subset of core strains act as positive or negative
key players in the Wolffia holobiont. The balance of growth dynamics between beneficial and detrimental
members is considered to determine the net community effects on host growth. Prominent promotive phenotypes
of DABs occur across seven genera and are largely determined at the strain level, whereas inhibiting phenotypes
were conserved at the genus level. The production of indole-related compounds emerges as a key physiological
trait of DABs associated with growth outcomes.

In Chapter 4, the summary and conclusion of this study are given. Based on the insights gained from this
study, perspectives and future challenges regarding practical approaches for microbiome engineering strategies

to enhance the productivity of Wolffia biomass are proposed.
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