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Bradyrhizobium sp. DOA9 ON NODULATION AND NITROGEN FIXATION IN
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Plant- microbe Interaction.

Effector proteins secreted via the type Il secretion system (T3SS) of nitrogen-
fixing rhizobia are key determinants of symbiotic compatibility in legumes. However, a
previous report revealed that the T3SS of Bradyrhizobium sp. DOA9 has negative
effects on Arachris hypogaea symbiosis. In this study, it was found that the symbiotic
role of 4 effector proteins (p0490, p0871, SkP48, and p0903), which contain the small
ubiquitin-like modifier (SUMO) protease domain identified in DOA9 during symbiosis,
were characterized. The four DOA9 SUMO proteases are clustered within clade 1, which
is further divided into two subclades. Proteins p0490 and p0871 are grouped in
subclade 1-1, while p0903 and SkP48 fall within subclade 1-2. These proteases exhibit
low sequence similarity, with only 57% identity between p0490 and p0871, and 35%
identity between p0903 and SkP48. Despite sharing a common Ubiquitin-like protease
1 (ULP1) domain typically located at the C-terminal, the N-terminal regions, which lack
functional domains, are highly divergent among these proteases. Notably, p0903 and
SkP48 each contain two distinct repeat domains (RDs), whereas p0490 and p0871 lack
RDs. While the Bradyrhizobium sp. DOA9 wild type (WT) strain and mutantion of SUMO-
proteases p0490 and p0871 induced inefficient nodulation in A. hypogea, mutation of
the SUMO-proteases SKP48 or p0903 restored an efficient symbiosis comparable to
that of the type of strain B. arachidis CCBAU051107. Additionally, the complete
deletion of p0903 restored nodulation and plant growth in four peanut cultivars (KK5,
TN9, KS2, and SK38). A complementation study of DOA9-Ap0903 with various mutated
forms of p0903 highlighted the importance of the ULP1 domain in the restriction of
nodulation in A. hypogaea. Furthermore, naringenin significantly induced the
expression of the p0903 gene compared to both the WT non-induced and genistein-

induced conditions. At 3 dpi, the accumulation of jasmonic acid (JA) in peanut roots



was 2.32-, 1.27-, and 0.64-fold higher in the WT, DOA9-Ap0903, and Ap0903-p0903-
ULP-lack strains, respectively, compared to non-inoculated plants, which had a JA
concentration of 49.56 pg/g root fresh weight. The upregulation of several defense-
related genes, including the transcription factor (Myc2), pathogenesis-related protein 4
(PR4), and defensin (Def2-2), was observed in the JA/ethylene (ET) signaling pathway
at the early stages of infection in roots inoculated with the WT strain, compared to
those inoculated with the DOA9-Ap0903 strain. Additionally, p0903 is identified as a
key regulator of early symbiosis signaling in peanuts (KK5), influencing genes involved
in various stages of early signaling, such as cyclic nucleotide-gated channels (CNGO),
symbiotic remorins (SYMREM), and E3 ubiquitin-protein ligase LIN-1 (CERBERUS). These
data highlight the importance of SUMO-protease effectors during the symbiotic
interaction between bradyrhizobia and peanuts, which could be useful for the

development of a high-quality inoculant in increasing yield of peanut.
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