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Editorial on the Research Topic
Epigenetic regulation behind plant-microbe interactions

Plant responses to their environment involve intricate and diverse genomic regulations
at various levels. These responses can be modulated by the epigenetic status of different
mechanisms. In recent years, numerous studies have linked DNA/RNA methylation [as
linked gene 5-methylcytosine (*™C)], demethylation, and chromatin remodeling through
acetylation, methylation, or ubiquitination with changes in plant responses to the diverse
environment conditions. In this sense, interactions with microorganisms are one of the
most significant triggers of plant responses (Chen et al., 2022). Previous research has
reported significant alterations in the composition of plant-associated microbiomes when
certain epigenetic regulatory mechanisms in plants are activated or repressed (Kaushal
et al, 2021). These mechanisms can affect the timing of plant defense systems after
pathogen infection and the recruitment of beneficial microorganisms from the
environment to combat environmental stresses, among others. Notably, some of these
mechanisms have been reported to prime responses for interactions and anticipate robust
responses to similar situations in the future. Furthermore, these mechanisms can be
inherited by subsequent generations through the transmission of modification patterns.
Similarly, microorganisms also employ specific epigenetic regulatory mechanisms to
interact with plants. The aim of this Research Topic was to investigate and compile the
most recent approaches to epigenetic regulation within the context of plant-
microorganism interactions.

The studies included in this Research Topic demonstrate the significance of evaluating
the methylation patterns as a key approach for assessing epigenetic regulation in plant-
microbe interactions (Chen et al,, 2022). Agius et al. highlighted through a review the
importance of examining DNA methylation in relation to growth, development, stress
response, and adaptability in various plant species. By understanding the methylation
status of plants in response to different events, researchers can develop strategies to enhance
their productivity and stress tolerance. A range of techniques, such as bisulfite sequencing,
methylation-sensitive amplified polymorphism, genome-wide DNA methylation analysis,
methylated DNA immunoprecipitation sequencing, and reduced representation bisulfite
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sequencing, can serve as both a starting point and a
multidisciplinary methodology for evaluating the impact of
interactions on methylome regulation. However, the success of
the analysis ultimately depends on a comprehensive
understanding of each technique and its appropriate application.
In cases where microbial interactions affect other aspects such as
chromatin remodeling, which may be reflected in the methylome,
different approaches and methodologies may be required (Zhu
et al., 2016).

The investigation of defensive mechanisms against pathogens
employed by plants in the field of epigenetics is among the most
intriguing research areas. Here, the employment of mutants that
pertain to epigenetic regulation has demonstrated to be a highly
effective means of elucidating the underlying mechanisms of plant-
microorganism interactions. Previous studies have utilized these
mutants to investigate modifications in root exudates and the
selective beneficial bacteria recruitment processes in repressor of
silencing 1 (ros1) mutants (Vilchez et al., 2020), as well as the role of
increase in bonsai methylation 1 (ibml) mutants in assessing
autoimmunity and shaping the root microbiome (Lv et al., 2022).
In their study, Sun et al. used lesion mimic mutants as the primary
technique to better understand plant-microbe interactions and the
immune response of plants. They utilized the lesion mimic
phenotypel-1 (Impl-1) mutant to demonstrate that the defense
mechanism was activated, particularly through the activation of
the phenylalanine ammonia lyase (PAL) pathway, which resulted
in the accumulation of salicylic acid (SA). This gene is related
to H2B deubiquitination mechanisms, which are thought to
regulate the immune response by modifying the SA biosynthesis
pathway in rice. This research provides a novel approach to
understanding the mechanisms of the plant immune response to
pathogenic microorganisms.

Another method, in this case for exploring mutualistic plant-
microorganism interactions, was presented by Forte et al. in this
Research Topic. This study utilized reduced representation bisulfite
sequencing (epiGBS) to examine the influence of the mutualistic
strain Epichloé sp. LpTG-3 strain AR37 on the methylome of
Lolium perenne. Results indicated that the presence of this
fungal strain led to decreased DNA methylation, a phenomenon
known as hypomethylation, across various genomic features. This
hypomethylation was consistent in grass species across generations.
This observation suggests that factors such as the duration of the
interaction between host and mutualist, and the accumulation of
genetic and epigenetic changes over time may be linked to the host
plant’s genome hypomethylation.

There are also reported different cases beyond the study of the
impact of bacteria or fungi on epigenetic regulation in plants, as in
the case of the study by Tselika et al. These authors conducted a
study in which they analyzed plants infected with viroids and
assessed RNA-directed DNA methylation (RADM) to understand
the origin of certain phenotypes in plants. They used Nicotiana
benthamiana as model plant and discovered that the potato spindle
tuber viroid (PSTVd) allowed them to identify endogenous gene
promoters and transposable elements targeted by 24 nt host siRNAs
that differentially accumulated in PSTVd-infected and healthy
plants. These targets were evaluated for their methylation status
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using digested genomic material with methylation-sensitive
restriction enzymes coupled to a polymerase chain reaction
(PCR), in this case CHOP-PCR. These methods are critical in
studies of this type and allow for the evaluation of an additional
layer of complexity in plant-microorganism regulation. Babu and
collaborators also found effects on methylation caused by viruses
through this approach (Babu et al,, 2018). In addition, the authors
supported their research with Methylation Sensitive Amplification
Polymorphism (MSAP) followed by sequencing (MSAP-seq) to
examine genomic DNA methylation of 5-methylcytosine (*™C) in
CG sites upon viroid infection (complemented with bisulfite
sequencing). This allowed them to obtain a high-resolution view
of host epigenetic regulation under this type of interaction and
identify several target loci differentially methylated upon
PSTVd infection.

The kind of works we mentioned above highlights the need for an
improved resolution of results when several approaches are included
in the design. In their collaboration on this Research Topic, Jahed and
Hirst investigated this the multidisciplinary approach to evaluate the
epigenetic regulation in fruit growth and development. The intricate
regulatory mechanism that governs fruit growth involves a series of
events that occur over a growing season, making it imperative to
approach the study from a multidisciplinary perspective and employ
an analysis methodology that accounts for its unique characteristics.
To address this challenge, the authors advocated for the use of high-
throughput sequencing technology as a foundation and combining it
with the resolution provided by techniques such as phenotyping. By
adopting this approach, several studies in the past decade have
successfully established direct connections between epigenetic
regulation and fruit size, as well as uncovered evolutionary aspects
of related domestication processes. Although this method allows for
greater resolution in discovering new mechanisms of plant-
microorganism interactions, the authors emphasized that is crucial
to develop statistical and computational methods to enhance the
analysis capacity, taking into account the complexity of each strategy
and methodology involved.

Author contributions

JIV: Conceptualization, Formal analysis, Funding acquisition,
Resources, Supervision, Validation, Visualization, Writing -
original draft, Writing — review & editing. SV: Conceptualization,
Writing - review & editing. HJ: Conceptualization, Writing -
review & editing.

Acknowledgments

The authors of this editorial would like to thank the authors
who collaborated on this Research Topic. JIV wants to thank for
their support and advice to M. Margarida Oliveira and to the
members of the Research in the laboratory of Plant-Microbiome
Interactions (iPlantMicro Lab), as well as to the R&D Unit
“GREEN-IT—Bioresources for Sustainability” (UIDB/04551/2020
and UIDP/04551/2020), Portugal.

frontiersin.org


https://doi.org/10.3389/fpls.2021.814465
https://doi.org/10.3389/fpls.2023.1258100
https://doi.org/10.3389/fpls.2023.1258023
https://doi.org/10.3389/fpls.2023.1122397
https://doi.org/10.3389/fpls.2023.1122397
https://doi.org/10.3389/fpls.2024.1385356
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Vilchez et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

References

Babu, K. S. D., Guria, A., Karanthamalai, J., Srikakulam, N., Kumari, K., Sharma, P.,
et al. (2018). DNA methylation suppression by bhendi yellow vein mosaic virus.
Epigenomes 2, 7. doi: 10.3390/epigenomes2020007

Chen, C.,, Wang, M., Zhu, J,, Tang, Y., Zhang, H., Zhao, Q., et al. (2022). Long-term
effect of epigenetic modification in plant-microbe interactions: modification of DNA
methylation induced by plant growth-promoting bacteria mediates promotion process.
Microbiome 10, 36. doi: 10.1186/s40168-022-01236-9

Kaushal, R., Peng, L., Singh, S. K., Zhang, M., Zhang, X., Vilchez, J. L, et al. (2021).
Dicer-like proteins influence Arabidopsis root microbiota independent of RNA-
directed DNA methylation. Microbiome 9, 57. doi: 10.1186/540168-020-00966-y

Frontiers in Plant Science

03

10.3389/fpls.2024.1385356

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Lv, S., Yang, Y., Yu, G., Peng, L., Zheng, S., Singh, S. K., et al. (2022).
Dysfunction of histone demethylase IBM1 in Arabidopsis causes autoimmunity
and reshapes the root microbiome. ISME J. 16, 2513-2524. doi: 10.1038/s41396-
022-01297-6

Vilchez, J. I, Yang, Y., He, D., Zi, H., Peng, L., Lv, S., et al. (2020). DNA demethylases
are required for myo-inositol-mediated mutualism between plants and beneficial
rhizobacteria. Nat. Plants 6, 983-995. doi: 10.1038/541477-020-0707-2

Zhu, Q. H, Shan, W. X,, Ayliffe, M. A., and Wang, M. B. (2016). Epigenetic
mechanisms: an emerging player in plant-microbe interactions. Mol. Plant Microbe
Interact. 29, 187-196. doi: 10.1094/MPMI-08-15-0194-FI

frontiersin.org


https://doi.org/10.3390/epigenomes2020007
https://doi.org/10.1186/s40168-022-01236-9
https://doi.org/10.1186/s40168-020-00966-y
https://doi.org/10.1038/s41396-022-01297-6
https://doi.org/10.1038/s41396-022-01297-6
https://doi.org/10.1038/s41477-020-0707-2
https://doi.org/10.1094/MPMI-08-15-0194-FI
https://doi.org/10.3389/fpls.2024.1385356
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Editorial: Epigenetic regulation behind plant-microbe interactions
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	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 /sRGB
  /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


