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Editorial on the Research Topic

Early signaling in the rhizobium-legume symbiosis
The rhizobium-legume symbiosis is a beneficial plant-bacteria association between

soil bacteria collectively known as rhizobia and leguminous plants (Poole et al., 2018). To

establish symbiosis, the rhizobia invade roots of host plants and trigger the formation of a

new organ, the nodule. The rhizobia differentiate then into bacteroids and reduce

atmospheric nitrogen into ammonia that will be used by the plant. The formation of

nitrogen-fixing nodules is a complex process in which bacterial infection needs to be co-

ordinated with the nodule organogenesis program. This is achieved through a continuous

molecular dialogue between the host plant and rhizobia, which leads to a high degree of

specificity in the interaction with even strain- and host cultivar-dependent effects

(Cangioli et al., 2022). Much of that specificity is conferred by an exchange of signals

that take place in the rhizosphere during the early stages of the association (Roy et al.,

2020). The 10 articles hosted in the Research Topic “Early signaling in the rhizobium-

legume symbiosis”, increase our knowledge on the molecular bases underlying the

mutual recognition of plants and rhizobia during early stages of the interaction, i.e.,

before the onset of nitrogen fixation.

The initiation of the rhizobium-legume symbiosis requires localization of the bacteria

to potential infection sites on host roots. In this process, rhizobial chemotaxis and

motility play a relevant role. The reviews by Aroney et al. and Compton and Scharf

revised some important concepts related to motility and chemotaxis and the preferred

attractants of several model rhizobia. Aroney et al. highlighted the importance of

understanding chemotaxis and motility in legume symbionts, especially under the
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environmental conditions found in the field. This, together with

the identification of different compounds sensed through the

chemotaxis systems in each rhizobial species, might predict

symbiotic performance based on specific environmental

conditions and root exudate composition, making the selection

of elite inoculants more accurate.

The role of (iso)flavonoids as chemoattractants in rhizobia is

not clear. However, they are crucial in the initiation of the

s ymb i o s i s b y t r i g g e r i n g p r odu c t i on o f s p e c ifi c

lipochitooligosaccharidic Nod-factors (NFs) in the rhizobial

partner. Perception of NFs by specific plant receptors activates

the symbiosis signaling pathway required for rhizobial infection

and nodule formation. Three studies of the article collection

provide insights on early plant symbiotic genes. Solovev et al.

have addressed the difference in symbiotic specificity between

Afghanistan and European pea landraces, in which the former

can interact only with Rhizobium leguminosarum bv. viciae

strains that have the nodX gene and produce NFs with an

additional acetyl group at the reducing end while European

pea lines can also be nodulated by strains lacking nodX. By using

molecular modelling of putative receptor heterodimers with

different NFs, the authors identified the LykX receptor gene as

a possible determinant of pea specificity toward nodX-

containing strains. Kovacs et al. have investigated the protein

complex formed by NSP1 and NSP2, two transcriptional

regulators of Medicago truncatula required for the activation

of several early nodulation genes. Specifically, the authors

addressed amino acid polymorphisms in the VHIID motif of

NSP2. Characterization of a mutant allele unveiled the

importance of a conserved Asp residue in NSP2, which is

essential for the formation of a functional NSP1-NSP2

signaling module. Root hair deformation and infection thread

formation require an important cell reorganization during which

Rho GTPases called ROPs (for Rho of plants) play key roles.

Garcıá-Soto et al. reported on ROP3, a novel Rho-GTPase

of Lotus japonicus. The study shows that, in response to

rhizobial inoculation, rop3 mutant plants exhibit altered root

hair deformation and expression of nodulation-related

genes, and form fewer nodules than wild-type plants,

indicating that ROP3 is a positive regulator of rhizobial

infection thread formation.

In addition to NFs, rhizobial surface polysaccharides and

effector proteins delivered by specialised secretion systems play

important roles in the success of the interaction, very often in a

host-specific manner (Acosta-Jurado et al., 2021; Jiménez-

Guerrero et al., 2022). A good example of that has been

provided by Castellani et al. who analysed the symbiotic

relevance of the exopolysaccharide (EPS) of Rhizobium

favelukesii LPU83, a strain which like Sinorhizobium meliloti is

able to nodulate alfalfa. Interestingly, although both strains

produce the same EPS, this polysaccharide is essential for a

successful interaction of alfalfa with S. meliloti, but not with R.
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favelukesii. The production of symbiotically important EPSs is

under the control of different regulatory systems, which are also

relevant for the symbiosis. In S. meliloti, one of them is the ExoS/

ChvI two-component regulatory system, which is normally

activated in rhizobial cells during the transition from a free-

living to a symbiotic life style. Mutations that increase or

decrease activity of the system lead to symbiotic defects.

Geiger et al. demonstrated that the lack of the phospholipid

phosphatidylcholine (PC) in the sinorhizobial membrane leads

to permanent activation of ExoS/ChvI, which might explain the

inability of a PC-deficient mutant to form nodules on

alfalfa roots.

The type 3 secretion system (T3SS) is the main protein

secretion apparatus known to have an impact in the symbiosis.

Ratu et al. showed that the T3SS effector protein Bel2-5 of

Bradyrhizobium elkanii USDA61 possesses multiple domains

that might interact and modify host targets and provoke

opposite roles on symbiosis with soybean depending on the

plant genotype: Bel2-5 promotes NF-independent symbiosis

with a nfr1 soybean mutant but blocks nodulation with

soybean plants carrying the Rj4 allele. Besides the most

relevant T3SS, recent studies have shown the participation of

additional rhizobial protein secretion systems in the symbiotic

association. Hug et al. studied type 6 secretion systems (T6SSs)

of Paraburkholderia phymatum STM815. This strain is able to

nodulate a broad range of legumes and its T6SS-b appears to

play a role in bacterial motility. T6SS-b gene expression was

found to be activated in the presence of citrate and germinated

seeds of host legumes.

The inter-kingdom signaling between rhizobia and legumes

is complex and additional players, which might not be essential

for nodulation but could contribute to fine-tune some aspects of

the symbiosis, could be added to the chemical dialogue. Based on

the recognized role played by microbial volatiles in inter-

kingdom signaling with plants (Weisskopf et al., 2021), Soto

et al. have raised the possibility that rhizobial volatiles might play

a signaling role in their interaction with legumes, whose precise

role in symbiosis requires further investigation.
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J. (2022). The rhizobial type 3 secretion system: The Dr. Jekyll and Mr. Hyde in the
rhizobium-legume symbiosis. Int. J. Mol. Sci. 23, 11089. doi: 10.3390/ijms231911089
Poole, P., Ramachandran, V., and Terpolilli, J. (2018). Rhizobia: from
saprophytes to endosymbionts. Nat. Rev. Microbiol. 16, 291–303. doi: 10.1038/
nrmicro.2017.171

Roy, S., Liu, W., Nandety, R. S., Crook, A., Mysore, K. S., Pislariu, C. I.,
et al. (2020). Celebrating 20 years of genetic discoveries in legume nodulation
and symbiotic nitrogen fixation. Plant Cell 32, 15–41. doi: 10.1105/tpc.19.
00279

Weisskopf, L., Schulz, S., and Garbeva, P. (2021). Microbial volatile organic
compounds in intra-kingdom and inter-kingdom interactions. Nat. Rev. Microbiol.
19, 391–404. doi: 10.1038/s41579-020-00508-1
frontiersin.org

https://doi.org/10.3390/ijms22126233
https://doi.org/10.3390/ijms23063358
https://doi.org/10.3390/ijms231911089
https://doi.org/10.1038/nrmicro.2017.171
https://doi.org/10.1038/nrmicro.2017.171
https://doi.org/10.1105/tpc.19.00279
https://doi.org/10.1105/tpc.19.00279
https://doi.org/10.1038/s41579-020-00508-1
https://doi.org/10.3389/fpls.2022.1056830
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Editorial: Early signaling in the rhizobium-legume symbiosis
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


