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Aimsanddeliverablesof WG2

Á WG2:definingthe mechanismsof rootstock-
mediatedimprovementsin vegetablecrop
performance andgraft compatibility

WG3: biotic andabiotic stresses

WG4: fruit productionandquality

WG1: rootstock breeding

rootstock selectiontools 

regulators scionandfruit development

physical& chemical
signallingmechanisms
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Workingfields WG2

I. Rootstock-scionsignalling

II. Graft compatibility

Aim I:

elucidatingroot-derivedsignalsthat facilitate improvedrootstock / scionperformance

Root signalsthat mediatescionperformance:

ÅXylem: increaseor decreaseof anexistingsignallingcompound
ÅPhloem: via reductionor increasein root demand(sinkstrength)

Signallingmechanisms:
Åchemical: ions, phytohormones, proteins, peptides, assimilates
Åmolecular: small RNAs(epigeneticmechanism)
Åphysical: hydraulicandelectricalsignals, ROS andCa2+ waves



Excitingprogressin metabolomicsandproteomicsfor sap profiling

Metabolomics:
U-HPLC-(HR)MS/MS technology
Xylemsap: 800 metabolites(MW 90-500)

Proteomics:
iTRAQ-labelling
FractionationSCX chromatography
LC-ESI-MS/MS analysis by Q Exactive
Phloemsap: 750 proteins

75 #12-1738 RT: 0.05-6.02 AV: 1727 NL: 1.02E6
T: FTMS {1,1}  - p ESI Full ms [90.00-500.00]
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Total ion chromatogram tomato XS



Experimentaldesign 

Reciprocalgrafting experimentsbetweenwild type (wt) anda signallingmutant (m)

4 different rootstock-scioncombinations

wt

Focus on role of phytohormonesin abiotic stress signallingin tomato

ABA: notabilis, flacca, sitiens(deficient); sp5andsp12(overproducers)

Ethylene: Never ripe (partly insensitive)

Jasmonicacid: JL5 (deficient)

Cytokinin: IPT(overproducer), CKX2-MM (deficient)

Auxin: dgt (partly insensitive)

Salicylicacid: nahG(deficient)

scion

rootstock wt

wt

wt

m

m

m
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Root-supplied cytokininsimprove shoot  growth and 
fruit yield under salt stress

Ghanemet al. 2011; Journal of Experimental Botany 62, 125-140 

Wild-Type scion

CK-overproducingrootstock

100 mM NaClfor 22 days 75 mM NaClfor 3 months

+29%
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2nd truss

ABA-overproducing roots improve shoot  growth and fruit 
yield under salt stress

Albacete et al. 2015; Journal of Experimental Botany 66,  2211-2220

Wild-Type (WT) scion

ABA-overproducingrootstock

30 mM NaClfor 100 days



Root-supplied JA is needed to maintain  stomatal 
conductance as the soil dries  (independent of Yleaf)

de Ollas et al.; unpublished (COMING UP !) 

Wild-Type (WT) scion

JA-deficient rootstock

LOWER 
STOMATAL 

CONDUCTANCE
OF WT SCIONS

WITH 
JA-DEFICIENT
ROOTSTOCK 

HIGHER STOMATAL
CONDUCTANCE OF 
JL5SCIONS WITH

WILD-TYPE 
ROOTSTOCK
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Root-supplied ABA contributes to prevent 
leaf growth inhibition at low temperature

Ntatsiet al. 2013; Scientia Horticulturae149, 28-38 

Wild-Type scion

ABA-deficient rootstock
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Rootstock partial ethylene insensitivity increases 
leaf growth at low temperature

Ntatsiet al. 2013; Scientia Horticulturae149, 28-38 
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Workingfields WG2

I. Rootstock-scionsignalling

II. Graft compatibility

AimsII:

1. Toidentify the anatomical/ physiological/molecularmarkers for
graft incompatibility

2. Todevelopa test to predict (early) compatibilitysucces



Mechanismsinvolvedin graft compatibility

Research tools
- Scanning Electronic Microscopy
- ROS analyses
- Gene expressionstudies
- CFI - Chlorophyll Fluorescence Imaging
- Electricalimpedancemeasurements

ü High graft compatibility was found
between globe artichoke (scion) and
cardoon (rootstock). This has a direct
application to avoid Verticillium wilt in
artichokecropsand may help to identify
the underlyingrootstock-scionsignals.

Trincheraet al. 2013; Journal of Plant Physiology, 170: 1569ς1578 

Figura 3
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SEM (SE-VP) images of interconnections between 
artichoke/wild cardoon [A-C] and artichoke/cultivated 
cardoon [D-F] grafting combinations, after 3 d from grafting. 

Physiological mechanisms



COMPATIBLE

INCOMPATIBLE

COMPATIBLE INCOMPATIBLE

Irisarri et al. 2015; Journal of Plant Physiology176, 25ς35  

ü ROS analysis

ü Reduced activities of SOD, CAT 
and APX in incompatible 
cultivars may contribute to 
limiting graft compatibility at 
the early stages of 
development. 

Physiological mechanisms



Molecular mechanisms

Genes differentially expressed during graft 
union formation.

Cooksonet al. 2013; Journalof ExperimentalBotany,
64 (10), pp. 2997ς3008

Metabolic pathways candidates for 
physiological failure in graft-
incompatible rootstock-scion 

combinations

Complexagronomictrait
ςpolygenictrait

Stressresponses

Catabolismand 
byosinthesisof the L-
phenylalanine

Programmecelldeathprocesses

Oxidoreductaseactivity

Cellwall catabolism

Cellwall modification

Glucosyltransferaseactivity



Evaluatethe potencial of 
CFI

Connectingvaluesof CFI

Demonstrateif CFI 
reflects

ωTo predict
compatibility/ 
incompatibility

ωTo histological
studies

ωMorphological

ωAnatomical
development

Adige(A)

Adige/A5 
(A/A5)

Adige/C12 
(A/C12)

Adige/B14 
(A/B14)

Adige/A25 
(A/A25)

Adige/Adige
(A/A)

Eggplant/
S. torvum
(EGG/ST)

Adige/S. 
torvum
(A/ST)

Adige/Tomato
(A/BEU)

Penellaet al. 2016; submitted

Å Weakunions LowestFv/Fm values
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Å Strongunions HighestFv/Fm values

CFI - ChlorophyllFluorescenceImaging


