
Metabolomic changes of Brassica rapa under biotic stress
Abdel-Farid Ali, I.B.

Citation
Abdel-Farid Ali, I. B. (2009, April 1). Metabolomic changes of Brassica rapa under biotic
stress. Retrieved from https://hdl.handle.net/1887/13712
 
Version: Corrected Publisher’s Version

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/13712
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/13712


Metabolomic changes of Brassica rapa under 

biotic stress 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Ibrahim Bayoumi Abdel-Farid Ali 

Metabolomic changes of Brassica rapa under biotic stress 

ISBN 978-90-9024064-0 

Printed by PrintPartners Ipskamp B. V., Amsterdam, The Netherlands 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cover: Brassica rapa (Dr. Thomas Steinger, Department of Biology, Section Ecology 
& Evolution, University of Fribourg, Switzerland) 
 
Cover was designed by Dr. Mohamed Thabet 
 
 

 

 

  



Metabolomic changes of Brassica rapa under 

biotic stress 
 

 

 

 

 

 

PROEFSCHRIFT 
 

 

 

ter verkrijging van 

de graad van Doctor aan de Universiteit Leiden, 

op gezag van Rector Magnificus prof. mr. P. F. van der Heijden, 

volgens besluit van het College voor Promoties  

te verdedigen op woensdag 1 april 2009  

klokke 15.00 uur 

 

 

 

door 

 

 

 

Ibrahim Bayoumi Abdel-Farid Ali 
geboren te El-Menia  (Egypte) 

in 1972 

 

 

 

 

 



 

Promotiecommissie 

 

Promotor                         Prof. dr. R. Verpoorte 

 

Co promoter      Dr. H. K. Kim 

 

Referent                          Dr. F. Mesnard (Université de Picardie, France) 

                                                      

Overige Leden                Prof. dr. P. J. J. Hooykaas 

 

                                        Prof. dr. C. A. M. J. J. van den Hondel 

    

     Dr. P. Klinkhamer 

  



 

During my study in the Netherlands and Egypt, some people passed 
away, I dedicate this book to them: 
 
Bayoumi Abdel-Farid   
Ibrahim Abdel-Farid   
Esmail Abdel-Farid 
Dr. Muhammad El-Saghier 
Prof. Ramadan M. Awadallah 
Prof. Ahmed H. Amerallah 
Prof. Muhammad T. El-Haty 
Dr. Nazem Mahroos 
Mr. Mahmoud Soylam 

  



 

                       Contents 

List of Abbreviations 

Chapter 1 General Introduction                                                                        1

Chapter 2 The role of secondary metabolites in Arabidopsis and Brassica in the 

interaction with fungi (review)                                                         7 

Chapter 3 Metabolic characterization of Brassica rapa cultivars leaves by 

NMR spectroscopy                                                                          39

Chapter 4 Fungal infection-induced metabolites in Brassica rapa cultivars   57 

Chapter 5 Glucosinolates profiling of Brassica rapa cultivars in response to 

infection by Leptosphaeria maculans and Fusarium oxysporum   75

Chapter 6 Metabolic analysis of Brassica rapa leaves infected with 

Leptosphaeria maculans                                                                  91 

Chapter 7 Metabolic assessment of Brassica rapa leaves treated with jasmonic 

and salicylic acid                                                                             107 

Chapter 8           General discussion and conclusions                                                127 

Chapter 9 Future perspective in interaction of Brassica rapa with fungi        143 

Summary                                                                                                          147 

Samenvatting                                                                                                              153 

References                                                                                                          161 

Curriculum Vitae                                                                                                        177 

Acknowledgements                                                                                                    178 

List of Publications                                                                                                     180 

  



 

List of Abbreviations 
 
AS     anthranilate synthase 
BDPs     breakdown products 
CM     chorismate mutase 
COSY     correlated spectroscopy 
DW     dry weight 
EST     expressed sequence tag 
GABA     γ-amino butyric acid 
GC     gas chromatography 
GFP      green fluorescent protein 
HMBC     heteronuclear multiple bond correlation 
HMQC    heteronuclear multiple-quantum coherence 
HPLC      high performance liquid chromatography 
HR      hypersensitive response 
IAA     indole-3-acetic acid 
ICS     isochorismate synthase 
HST      host specific toxin 
INA      isonicotonic acid 
ISR      induced systemic resistance 
ITCs     isothiocyanates 
JA     jasmonic acid 
LIPO     lipoxygenase 
MIC      minimum inhibition concentration 
MJ      methyl jasmonate 
MS       mass spectrometry 
NMR      nuclear magnetic resonance spectroscopy 
Pad     phytoalexin deficit mutant 
PAL     phenylalanine ammonia-lyase 
PCA     principal component analysis 
PCD      programmed cell death (apoptosis)  
PG     polygalacturonase 
PLA     phospholipase 
PLS-DA    partial least square-discriminant analysis 
PR      pathogenesis related proteins 
ROS      reactive oxygen species 
PCR      polymerase chain reaction 
SA     salicylic acid 
SAR     systemic acquired resistance 
SSH     suppression subtractive hybridization 
T-GSL     total glucosinolates 
TMSP     trimethylsilyl propionic acid Na salt 
UV     ultra violet 
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