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Context

Metabolic profiling of shoot apices infested by the peach-potato aphid

in susceptible and resistant peach cultivars

q Peach-potato aphid

• phloem feeding insect belonging to Hemiptera order

  (aphids, whiteflies, planthoppers)

• most studied aphid species

q Plant/aphid relationships
• a specialized, long lasting interaction, intermediate between

   plant/herbivore and  plant/pathogen systems

• several targeted biochemical studies of plant response

   (Kaloshian and Walling 2005)

• emerging of transcriptomics of plant defense induction
   (Thompson and Goggin, 2006)

q Peach

• primary host for M. persicae

• model species for Rosaceae with genomic resources

  (Genome Database for Rosaceae [GDR])

• different sources of resistance available

q Rubira: a red leaf peach cultivar
• used as rootstock

• bearing a dominant gene of resistance to Myzus persicae

  (Pascal et al, 2002)

Rubira q Induced resistance occurring two days after infestation

Induced resistance  

after 48 h pre-infestation
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• Running away of aphids from Rubira

resistant plants within few days (antixenosis)

(Sauge et al 2002, 2006)

• Local reaction around feeding sites

  on  Rubira and a green-leaf resistant

  Rubira hybrid

• observed resistances to all pesticides

• vector of viruses such as Plum Pox Virus

(Sharka, quarantine disease)

• and for many other crops as solanaceous vegetables

  (secondary hosts)

•Development of durable-resistant cultivars to control

aphids and reduce the use of pesticides through a

better knowledge of peach/aphid relationships

q Objective

• a main threat for peach (Prunus persica)

(primary host)

± Infestation by

 20 wingless adult aphids

per  plant

• no settlement  of aphids

• induced resistance

• development of aphid colonies

• induced susceptibility

48 hours

• Sampling: “i” or “c” shoot apices

• Lyophilisation

• 25 plants per condition

   pooled in 5 replicates

Metabolic profiling

Rubira

resistant

genotype

“R”

GF305

susceptible

genotype

“ S ”

q 1D 1H NMR non-targeted profiling

    of polar metabolites 

q  HPLC targeted analyses
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Metabolites

fluorescenceamino acids

UV absorbancephenolic

compounds

UV absorbancecyanogenic

compounds

conductivityorganic acids

PADsoluble

carbohydrates

Detection

Analytical strategy of shoot apices profiling

Representative 1H-NMR spectra of polar extracts

and assigned resonances

Resistant cultivar
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• 22 metabolites identified

• several unknown resonances

Results
1H NMR HPLC

Analyses of the 1H-NMR spectral

signatures

Targeted analyses
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265 variables issued from the spectral signature:

    - 0.03 ppm spectral domains
    - normalized /sum of signal

Chem ical  sh ift  (p pm )

q Data reduction

• Scores
q Multivariate analysis: PCA (cov)
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• Discriminant spectral
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Comparative 

metabolomics of 

resistant / 
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infestation

Targeted HPLC analyses

Multivariate analysis on 43 metabolites

• Loadings
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Univariate analyses

• Discriminant compounds

Hydroxycinnamic  acids

Several amino acids
Sucrose…

• Scores

q PCA (cor)
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Similarities and differences between S and R for infestation response
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Targeted HPLC: overview on 43 metabolites
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10 aa

7 phenolics

Targeted HPLC: primary metabolites

Effect of infestation

q Amino acids: contrasted responses in the resistant cultivar
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q Carbohydrates: a general decrease in the resistant cultivar

q Organic acids: varying responses in the resistant cultivar

Targeted HPLC: primary metabolites

Effect of infestation
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Targeted HPLC: correlations between 43 metabolites

Rubira (R) response to infestation

Coordinated response for several amino acids, organic acids and phenolics?
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Correlation matrix

• No significant changes of 

  chlorogenic acid content

Targeted HPLC: secondary metabolites

q Phenolics: divergent responses in the resistant cultivar

• Increased level of 3,5 dicaffeoylquinic

  acid in the resistant cultivar

Effect of infestation
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Rubira (R) response to infestation:

which metabolic pathways involved?
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Some hypotheses on mechanisms 

involved in resistance…

Effectors of induced 

resistance?

 HypersensitivityHypersensitivity

oxalate decreaseoxalate decrease
(oxalate oxidase activity  

generating H2O2?)

 cell death could 

impede aphid feeding
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 Nutritionally imbalanced diet?Nutritionally imbalanced diet?
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 a key factor for

Myzus persicae development 

(Karley et al, 2002)

 tissue plasmolysis could 

hamper aphid feeding

 Osmotic stressOsmotic stress

prolineproline and and 

sorbitolsorbitol decreasesdecreases

ci
wilting symptoms

Toxic or repulsive compounds?Toxic or repulsive compounds?
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 preliminary results show 

repulsive effect and toxicity of  

phenolics identified in Rubira apex 

on M. persicae reared on synthetic 

diet 

Discussion
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Conclusions and perspectives

Perspectives

q Transcriptomics

• Comparison with metabolite responses

q Metabolomics

• Analyses of non-polar compounds

• Analyses of volatiles (M Staudt, CNRS, Montpellier)

• Time course and tissue localisation of infestation responses

OH

HO2C

OCO

OH

OCO

OH

OH

OH

OH

1 3

5

4

q Phenolics

• Isolation of candidate compounds for toxicity or 

repulsive effects on M. persicae

• Metabolism and regulation of candidate compounds 
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Conclusions

q First metabolomic approach of plant / phloem feeding insect

    interactions

• towards system biology approach

q Contrasted responses in susceptible and resistant genotypes

• high metabolic changes associated with induced resistance

q Several metabolite families and metabolic pathways involved

• primary and secondary metabolites

Experiment design

Material and methods
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q Identification of unknown phenolics
by HPLC coupled to negative-electrospray

mass and diode array detections

330 nm

Targeted HPLC: secondary metabolites

Two main esters of caffeic acid:  

chlorogenic acid (5 caffeoylquinic acid) and 3,5 dicaffeoylquinic acid
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Rubira: a peach cultivar 

resistant to Myzus persicae

Myzus persicae Sulzer

peach-potato aphid

Prunus persica / Myzus persicae

a model system to study plant 

resistance to phloem feeding insects


