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General Discussion and Conclusions

n this project, knowledge on the metabolome of V. planifolia has been obtained. A

I metabolomic approach has been used in order to contribute to the physiological and
biochemical study of V. planifolia plants. Indeed, the metabolome is the downstream
product of gene expression. So, it reflects the functional level of the cell more appropriately
than the proteome and transcriptome (Urbanczyk-Wochniak et al., 2003). It has also been
suggested that in fact metabolomics may provide the most “functional” information of the
“omics” technologies (Sumner et al., 2003). In order to have the most representative profile
of the metabolome, detection of as many metabolites as possible in a single analysis is
necessary. The ultimate goal of metabolomics is both qualitative and quantitative analysis of
all metabolites in an organism or tissue. Nevertheless, simultaneous high-throughput
analysis of large number of metabolites is not generally feasible. And thus, no single
analytical method can accurately cover the entire metabolome. Likewise, the extensive
chemical diversity of plant primary and secondary metabolites do not facilitate its
comprehensive analysis. Notwithstanding, recent advances in chemometric and
bioinformatic methods may enhance the global understanding of plant metabolism (Bino et

al., 2004).

During the research presented in this study, nuclear magnetic resonance (NMR) has been
used as a major tool to analyze the metabolome of V. planifolia. Major advantages of NMR
spectroscopy are its non-selectivity and non-destructivity. In case of "H-NMR spectroscopy,
all hydrogen-containing compounds present above the detection limit are detected.
Furthermore, the structure elucidation capacities of this technique using two-dimensional
(2D) and heteronuclear 'H-">C correlation experiments were useful to explore the
metabolome of V. planifolia. Conclusions from the large number of data sets obtained from
the many samples which have been analyzed under different conditions are then obtained

after multivariate data analysis such as principal component analysis (PCA).

These metabolomic tools have been developed on V. planifolia to study:

- the metabolic changes occurring during the development of the green pods (Chapter

3)

- the metabolic profiles of mature green pods from different accessions of

V. planifolia (Chapter 4)
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Chapter 8

- the effects of developmental stage, time of the day and season on the metabolic

profile of vanilla leaves (Chapter 5)

- the metabolic profile of different Vanilla sp. leaves and the effect of CymMV

infection on the metabolic profile of in vitro V. planifolia plants (Chapter 6)

- the induction shoot differentiation on V. planifolia callus (Chapter 7).

Using the non-selectivity of NMR spectroscopy, primary (sugars, amino acids and

organic acids) and secondary (phenolic compounds) metabolites were both detected in

Vanilla (Figure 56 and Figure 57).
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Figure 56: Primary metabolites (sugars, organic acid and amino acid) identified in V. planifolia

by '"H-NMR.
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Figure 57: Secondary metabolites (phenolic compounds) directly identified in V. planifolia by
"H-NMR and/or LC-MS. *: glucosides of p-hydroxybenzylalcohol, p-hydroxybenzaldehyde and
vanillin were also detected by '"H-NMR.

From the metabolomic results obtained from the different studies, it appears that the
glucosides A and B could be precursors of glucovanillin and vanillin. They have been
detected in large amount in developing green pods until 4-5 months after pollination. In
addition, these glucosides have also been identified in the leaves of field plants, in young
plants (i.e. in vitro plants) but also in differentiated tissues (organogenic calli). These results
highlight their omnipresence in Vanilla plants. These glucosides could be locally produced
in the pods and then converted to glucovanillin or they could be synthesized in the leaves
and subsequently transported to the pods via the stem to follow the same conversions.
Further studies have to focus on the origin of the glucovanillin precursors in the plant. These
results will give significant insight in the detailed elucidation of the vanillin biosynthesis

pathway.
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Furthermore, it has been observed that the ratio glucovanillin over vanillin of mature
green pods could vary depending on where the plants were cultivated. Analysis of a single
accession of V. planifolia grown in two different shade houses has shown that mature green
pods can contain either the glucoside of vanillin only or a mixture of both vanillin glucoside
and aglycone forms. Environmental conditions during the growth of the plants might be
involved in the metabolic profile. Further experiments are required to confirm these
observations as it is interesting to determine which factors can affect the ratio of
glucoside/aglycon of mature green pods. Moreover, at the end of the curing process, vanillin
content is lower than the potential of vanillin concentration (aglycone and glucoside) present
in the pod prior to the curing process. It will be interesting to determine if, in these green
pods, having more vanillin under its aglycone or glucoside form could affect the

composition of the cured vanilla pods.

Analysis of leaves from accessions belonging to four different species of Vanilla showed
that the metabolomic approach combining 'H-NMR spectroscopy with multivariate data
analysis allows good separation between accessions from different species and even
between hybrid and parents based on their metabolic profile. We have observed that CR18

(V. pompona) has a metabolic profile clearly different from the other related species.

We have observed that glucose and phenolic levels are higher in younger Vanilla leaves
compared to older leaves. Phenolic compounds might have a protective role against pest and
particularly in the younger leaves, whereas when the leaves are older, surface of the leaves
might become stronger and become a barrier against insects. Then, phenolic compounds
might be no more required in older leaves. It has been observed that glucose and phenolic
compounds levels of CR18 (V. pompona) old leaves are higher than in other species. These
phenolic compounds could explain the fact that CR18 (V. pompona) shows fewer symptoms

upon CymMYV infection.

In spite of no clear effects of CymMYV observed on the leaves collected in shade house,
interesting results were obtained from materials issued from in vitro propagation. Indeed, we
have observed that virus infection is correlated to an increase of sugars content in leaf and
stem samples, whereas phenolic compounds content decreases after virus infection. The
absence of clear metabolic discrimination of the samples from shade house could be due to
the fact that when no necrotic symptoms are observable, the CymMV do not induce major
metabolic changes in the leaves. Future studies should focus on analysis of necrotic tissues

and the immediate effect of viral infection.
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Furthermore, we have performed a metabolomic analysis of shoot formation during V.
planifolia callus differentiation. The results obtained show that there is an early stimulation
of several metabolic pathways including mobilization of sucrose, glycolysis, phenolic
compound synthesis and amino acids synthesis among others to assemble the photosynthetic
machinery of the cells. Metabolomic analysis showed that at a very early stage of plant
development coumaric acid and glucoside A and B are already produced. As these
compounds are precursors of vanillin, callus samples could be a plant material to study the

biosynthesis of vanillin precursors and further studies should be of interest.

Thus, further studies on the metabolomic of V. planifolia are required but it will be more
interesting to integrate and monitor metabolomics with genomics, transcriptomics and
proteomics data sets to obtain a global understanding of biological systems. This system

biology approach will be a challenge to study and understand the biology of V. planifolia.

128




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 true
  /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 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


