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Abstract: There are a large number of non-rhizobia endophytes in addition to rhizobia in
leguminous root nodules, which are of great significance for promoting plant growth and
improving the bacterial abundance in root nodules. Some NREs can not only help rhizobia expand
their host range but also participate in the leguminous plant-rhizobia symbiotic nodulation process.
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In this review, we systematically summarize the genetic diversity, classification, and functions of
NREs, specifically describe the pathways of NREs entering rhizobia, the interaction mechanism
between NREs and rhizobia, and the diversity of NREs in soil ecosystems, and discuss the
application potential and future research directions of NREs. Furthermore, this article summarizes
the current research progress in leguminous plant-rhizobia-NREs interactions and explores the
methods of improving crop productivity and health through interactions mediated by nodule

microecology, aiming to provide theoretical support for sustainable agricultural development.
Keywords: non-rhizobia endophytes; symbiotic nodulation; genetic diversity; interactions
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Figure 1 Phylogenetic tree of 16S rRNA genes and its genus taxonomic abundance distribution of representative
strains of endophytic bacteria strains isolated from the root nodules of Sophora davidii®. The inner circle is the
phylogenetic tree of the 16S rRNA gene of the representative strains and the outer circle is the abundance of

horizontally isolated strains of the genus to which the representative strains belonged.
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Figure 2 Transformation of the interaction pattern between rhizobia and non-rhizobia of Sophora davidii under
different culture conditions’". A: In the co-culture system, a heat map was constructed based on the difference in
colony diameter between rhizobia and non-rhizobia at 1.0 cm and 1.5 c¢cm inoculation spacing; B: The bacterial
diameters of M. metallidurans YC-39 and S. xanthophaeus BT-91-2, N. brasiliensis BT-123-2, and M. xydans
YC-30 changed under the condition of two-compartment plate culture; C: The interaction between rhizobia and
NRE when glutamic acid and yeast powder were used as nitrogen sources, and the EPS yield of R. azibense
BT-170 co-cultured with NRE when glutamate was the only nitrogen source; D: The co-culture and EPS yield of
M. metallidurans YC-39 and Bacillus siamensis BT-9-1 were compared between saline-alkali conditions and

control conditions. *: Significant difference from the control (Welch #-test); **: P<0.01; ***: P<0.001.
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Figure 3

Selective regulatory mechanism by which NREs enter nodules and become part of the nodule

microbiome!’?. This includes both the symbiotic rhizobia and the once free-living rhizobacteria, which are part of

the rhizosphere soil. Rhizobium species are colored in purple, while free-living NREs are colored in red, blue,

and green.
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Figure 4 The mechanisms of horizontal gene transfer in bacteria within the root nodules of leguminous

plants®”

. a: Direct contact transfer (The donor cell delivers single-stranded DNA to the recipient cell); b: Cell

fusion transfer (Bidirectional exchange of DNA through cell bridging); c: Environmental uptake transfer (Cells

take up double-stranded DNA from the surrounding environment).
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