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Abstract: Symbiosis between rhizobia and legumes is not only very important for the sustainable agriculture
but also known as one of the model systems to study the mutualism between prokaryotes and eukaryotes. For
a long time, studies on symbiotic nitrogen fixation of rhizobia have mainly focused on the role of key
symbiosis genes involved in biosynthesis and regulation of Nod factors and nitrogenase. However, receiving
these key genes does not guarantee rhizobia an effective symbiosis with legumes. Along with the rapid
development and application of comparative and functional genomics, accumulated evidences indicate that
rhizobia have recruited many lineage-specific dispensable genes to establish effective symbiosis with
legumes, further revealing the complexity of mutualistic symbiosis. Here we review the cumulative evidence
from recent genomics, genetics and experimental evolution studies to discuss the evolution of this complex
symbiotic trait.
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Figure 1 Rhizobial metabolism and regulation pathways involved in the establishment of symbiosis with legumes
‘II A SRR nod/mif 11 3¢ S5 T RIE RG-S R RLLGARE, HABDREEEE 67 57 it AR AR R G (B1-B3)AHCRAR
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IR (B4 A ETETE ALK & S P ep B R 73 A 21 BUHYR N A W 1 43 [X (B3-B4).
Note: A: Nod factor synthesis and nitrogenase complex assembly mediated by key symbiosis genes nod and nif are labeled in red, while
other pathways during recognition-infection at early stages (B1—-B3) and symbiotic nitrogen fixation stage (B4) are labeled in purple and
green, respectively. Many of these pathways are found to be necessary only for symbiosis between certain rhizobium- le%ume partners. How
rhizobia secrete heme to and whether this secretion is necessary for effective symbiotic nitrogen fixation remain unclear™. It is necessary for
many rhizobia to obtain homocitrate from host plants due to the absence of nifV gene in their genomes, however the transporter responsible
for the uptake of this compound has not been identified®”. B: Typical nodulation processes initiated by root hair infection: (1) attachment
and recognition; (2) root hair curling, infection thread formation and cortex cell dedifferentiation into nodule primordia; (3) infection thread
elongation and release of rhizobia into cells of nodule primordia; (4) nodule maturation along with rhizobial differentiation into
nitrogen-fixing bacteroids. In contrast to the determinate nodules (left in B4), indeterminate nodules (right in B4) have distinct zones due to
the presence of a persistent meristem (B3-B4).
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