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Editorial on the Research Topic

Plant genomics and pathogenomics: from technology to application in
improving crop disease resistance

The sustainable management of plant diseases is challenged by the world’s increasing
demand for safe and diversified food during unprecedented global climate changes coupled
with an increased incidence and severity of plant diseases due to altering pathogen
evolution and their interaction with host plants. The emergence of new aggressive races
of plant pathogens, intensification of abiotic stresses, groundwater resource depletion, and
shrinking arable land are some of the major challenges that pose a great threat to future
food security. Genome-enabled integration of research in the “post-genomic” era has
refined our understanding of the complex interplay of dynamic molecular and cellular
events and biochemical networks between partners in plant pathosystems. In the new
millennium, we have progressed from sequencing single genomes to genome comparisons
and generating highly refined pan-genome data for defining “core” and race-specific genes
constituting weaknesses in rapidly evolving phytopathogens to be potentially exploited. For
example, contextualized prediction and functional analysis of effector proteins (virulence
factors) that contribute to pathogenicity and interact with host resistance genes carry
practical ramifications for resistance durability and future resistance engineering
(Upadhyaya et al., 2021). More recently, genomics research combined with revolutionary
genome editing approaches has created new opportunities to explore fundamental aspects
of biology in developing new technologies for offering high levels of protection against
important diseases in cultivated crops.

In this Research Topic, we have collected original research and review articles to
showcase the spectrum of the current efforts undertaken by applying modern genomics
tools for crop improvement. The progress made in plant genome sequencing provides an
opportunity that was not possible a decade ago to explore datasets to recruit new genes in
various plant species. Such genome-wide studies have helped in the identification of gene
members, gene structures, expression patterns, gene ontologies and evolutionary
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relationships, and protein interactions and to predict putative gene
functions playing regulatory roles in plant-pathogen interactions
(Demirjian et al., 2023). A genome-wide analysis of peach (Prunus
persica L.) by Li et al. reports an alteration (upregulation) in the
transcript level of members of the terpene synthase (TPS) gene
family, involved in terpenoids biosynthesis, after inoculation with
the fungus Botryosphaeria dothidea, a causative agent of peach
gummosis. The work unravels a suite of TPSs that potentially
contribute to the biosynthesis of linalool, a monoterpene resin
volatile, known to play a role in plant defense. Correlation
analysis demonstrates that PpTPS expression stimulates the
release of linalool, suggesting that TPSs and/or their metabolites
could potentially be involved in the defense response of peach
plants against invading pathogens.

An impressive number of studies in recent years have
demonstrated the feasibility of RNA interference (RNAi)-mediated
transgenic and non-transgenic approaches such as virus-induced gene
silencing (VIGS), host-induced gene silencing (HIGS), and spray-
induced gene silencing (SIGS) for improving resistance against a
wide array of plant pathogens in a variety of crops (Panwar et al,
2016; Panwar et al., 2017). These technologies rely mainly on silencing
targeted genes in pests or pathogens by expressing the engineered
dsRNA or small RNAs (siRNA/miRNA) in host plants. Exploiting a
VIGS-based RNAI approach, Ibanez et al. show that down-regulation
of the cathepsin B and Vitellogenin Al-like genes in the Asian citrus
psyllid (ACP) Diaphorina citri, through in planta expression of
homologous dsRNA, compromises the growth and reproductive
capability of the insect feeding on RNAi-producing citrus plants.
Such RNAi-based biocontrol strategies can provide a safe, versatile,
and ecofriendly alternative to crop protection. Lately, VIGS-based
silencing has gradually advanced into other areas as well, such as
virus-mediated protein overexpression (VOX) and for in vivo delivery
of genome editing components (virus-induced genome editing; VIGE)
in plants (Rossner et al., 2022).

Wheat rust diseases caused by three rust fungi (leaf, stem, and
stripe rust) belonging to the genus Puccinia are a major challenge to
sustainable wheat production in the face of projected climate
change. Breeding for rust disease resistance in wheat has been a
strenuous exercise due to the continuous emergence and selection
of evolving rust fungal races with new virulence to previously
effective resistance (R) genes. Two review articles by Mapuranga
et al. and Jost et al. included in this Research Topic provide a critical
overview of the advances made in genomics and sequencing
approaches to better understand the genetics and nature of rust
pathogens and how this information can be explored for mining
novel alleles/genes for expanding the arsenal of effective resistance
sources to combat the devastating rust diseases. These articles
highlight that prediction from secretomes of novel effectors with
diverse characteristics using machine learning approaches and their
in-depth functional characterization could provide valuable
information on the evolutionary principles driving rust fungus
evolution. Similarly, the identification, cloning, and study of
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unexploited R genes can increase our understanding of plant
innate immunity beyond classic effectoromics. Once more,
R genes are available, and their thoughtful stacking promises to
be a strategy for durable rust disease control.

The evaluation of plant resistance against various pathogens
plays a crucial role in disease management as this information is
required for assessing which pathogen can infect and lead to disease.
It helps decide what strategic and tactical control measures should
be adopted in a timely manner. The article by Salotti et al. focuses
on defining resistance patterns under field settings for 16
commercially grown grape varieties with respect to four major
pathogens, namely, Plasmopara viticola, Erysiphe necator, Botrytis
cinerea, and Phyllosticta ampelicida, which are responsible for
causing downy mildew, powdery mildew, grey mold, and black
rot disease, respectively, thus affecting grape production worldwide.
Developing such decision control systems is crucial in plant disease
risk assessment and integrated pest management.

In summary, this Research Topic comprises a diverse collection
of both original research and review articles. The genetic and
molecular studies presented in this Research Topic will help in
advancing our current understanding of the cross-talk between host
plants and their pathogens and the missing links involved in plant
response to biotic stresses. They provide an outline for developing
sustainable strategies for the prevention and control of
economically important plant diseases. The knowledge generated
through the published articles will help expedite crop improvement,
thus playing an important role in increasing crop production for
future food security.

Author contributions

VP: Conceptualization, Formal analysis, Investigation,
Visualization, Writing - original draft, Writing - review &
editing. GB: Writing — review & editing.

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.

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.

frontiersin.org


https://doi.org/10.3389/fpls.2022.1032838
https://doi.org/10.3389/fpls.2023.1219319
https://doi.org/10.3389/fpls.2022.951095
https://doi.org/10.3389/fpls.2022.951095
https://doi.org/10.3389/fpls.2023.1223504
https://doi.org/10.3389/fpls.2022.1017658
https://doi.org/10.3389/fpls.2024.1349113
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Panwar and Bakkeren

References

Demirjian, C., Vailleau, F., Berthomé, R., and Roux, F. (2023). Genome-wide
association studies in plant pathosystems: success or failure? Trends Plant Sci. 28 (4),
471-485. doi: 10.1016/j.tplants.2022.11.006

Panwar, V., Jordan, M., Mccallum, B., and Bakkeren, G. (2017). Host-induced
silencing of essential genes in Puccinia triticina through transgenic expression of RNAi
sequences reduces severity of leaf rust infection in wheat. Plant Biotech. J. 16, 1013-
1023. doi: 10.1111/pbi.12845

Panwar, V., McCallum, B., Jordan, M., Loewen, M., Fobert, P., McCartney, C., et al.
(2016). RNA silencing approaches for identifying pathogenicity and virulence elements

Frontiers in Plant Science

03

10.3389/fpls.2024.1349113

towards engineering crop resistance to plant pathogenic fungi. CAB. Rev. 11:27.
doi: 10.1079/PAVSNNR201611027

Réssner, C., Lotz, D., and Becker, A. (2022). VIGS goes viral: how VIGS transforms
our understanding of plant science. Ann. Rev. Plant Biol. 73, 703-728. doi: 10.1146/
annurev-arplant-102820-020542

Upadhyaya, N. M., Mago, R., Panwar, V., Hewitt, T., Luo, M., Sperschneider, J.,
et al. (2021). Genomics accelerated isolation of a new stem rust avirulence gene—
wheat resistance gene pair. Nat. Plants 7, 1220-1228. doi: 10.1038/s41477-021-
00971-5

frontiersin.org


https://doi.org/10.1016/j.tplants.2022.11.006
https://doi.org/10.1111/pbi.12845
https://doi.org/10.1079/PAVSNNR201611027
https://doi.org/10.1146/annurev-arplant-102820-020542
https://doi.org/10.1146/annurev-arplant-102820-020542
https://doi.org/10.1038/s41477-021-00971-5
https://doi.org/10.1038/s41477-021-00971-5
https://doi.org/10.3389/fpls.2024.1349113
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Editorial: Plant genomics and pathogenomics: from technology to application in improving crop disease resistance
	Author contributions
	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


