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Carotenoids, Overview 

  Lipophilic pigments essential  
     for photosynthesis 
 
 
  Accumulated in flowers, fruits… 
 
 
 
  No de novo synthesis in animals 
 
 
 Required as precursors of vitamin A, 
      β-carotene in carrots  
 
 
 Precursors of a large number of signaling 
      molecules and hormones   



Ross, S. A. et al. Physiol. Rev. 80: 1021-1054, 2000 

Copyright ©2000 American Physiological Society 

Vitamin A, Functions 



Xerophthalmia 

 A severe health problem 
 
 Death during pregnancy 
 
 Affecting 100-140 Mio.     
   children  
 
 Major reason for childhood 
    mortality 
 
 Blindness of 0.25-0.5 Mio.  
    children every year 

See:  
http://www.who.int/vaccines-diseases/en/vitamina/advocacy 

Vitamin A, Deficiency 



http://www.who.int/nutrition/topics/vad/en/index.html 

Global Prevalence of Vitamin A Deficiency 



International Rice Research Institute (IRRI); www.irri.org 
 

Crops with Enhanced Provitamin A Content 

http://www.irri.org/


Carotenoids, Targets for Oxidative Cleavage 
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Figure from Xie, et al., (2010); Annu Rev Phytopathol.   

Strigolactones, Root Parasitic Plants 



Striga hermonthica 

Striga 

Sorghum 

Maize 

Striga invading pearl millet roots on petri dish 
(Taken by Dr. Boubacar Kountche) 

Striga, Germination and Attachment 



Pearl millet, Striga infestation 

Djibril Yonli, Burkina Faso 



The Seven Major Biotic Threats to Food Security 



Wt                        rms1 
  Morris et al., 2001 

Strigolactones are Plant Hormones 
 



Strigolactones, Structure 

 Canonical strigolactones: 
      ABC-ring connected to a  
      mono-cylic lactone (D-ring)  
      via an enol ether bridge 
 
 Two sub-families with  
      different stereochemistry  
     (Strigol-like:1,3,5 and 7);  
    (Orobanchol-like:2, 4, 6 and 8) 
 
 
 Carlactone is representative of a  
    third family lacking the BC-ring 
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9 Steps? 

? 

 Carotenogenic origin suggested  
    by carotenoid-deficient mutants  
    and inhibitors studies * 
 
 Around 9 (theoretical) reactions 
   required for the ABC-ring 
 
 D-ring of an unknown origin 

How to Make Strigolactones? 
 

*: Matusova et al., Plant Physiol. 139, 920 (2005)  

C15 



How to Make Strigolactones? Update 

Seto et al., 2014, PNAS 
Abe et al., 2014, PNAS 
Brewer et al., 2016, PNAS 

Alder et al., 2012, Science 
Zhang et al., 2014,  
Nat. Chem. Biol. 



 Carlactone induces seed  
     germination of Striga and  
     Orobanche 

Seeds Germination Assay 

* 

Carlactone, Inducing Seed Germination 
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Carlactone 

Witchweeds 
(Striga sp) 

Broomrapes 
(Orobanche sp) 

Alder et al.,  
335, 1348 (2012) 



Why Strigolactone Analogs? 

 SLs have a great application potential….. 
 In regulating plant’s architecture,…… 
  In combating root parasitic weeds by triggering  
     „SUICIDAL GERMINATION“ 

 
 Natural SLs are produced at very low level. 

 
 Chemical synthesis of natural SLs is quite challenging. 

 
 Efficient and easy-to-synthesize SL analogs are needed. 



 Nitro-Phenlactone,  
a Carlactone-based  
SL Analog 

Jia et al., (2016) Mol. Plant 



A New Family of SLs Analogoues 
(Methyl Phenlactonoates) 

Jamil et al. In revision 



Stimulants applied at 0.5 µM concentration. 

Germinating Activty in Pot Experiments 
 

Control 
Nijmegen-1  MP1 GR24 

MP1 

GR24 

Nijmegen-1 (a)  

(a) Zwanenburg and Pospisil, 2013.  



Combating Striga in Pearl Millet 



Two Contrasting Lines 
 Evaluated in Striga sick-pot experiment… 

Developed at ICRISAT-Niger (Haussmann et al., unpublished data) 

IBL-197 29A 



Mini-Field Trial at INERA, Burkina Faso  

For more information, see Poster 13 
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Field trials in Burkina Faso 

26 



Andrea Ilg, Adrian Alder, Mark Bruno, Patrick Schaub, Florian Wuest 
Daniel Scherzinger, (Freiburg) 
Lina Baz, Imran Haider, Xiujie Guo, Valentine Ntui,  
Boubacar Kountche, Mohammad Jamil, Jianing Me  
Kupeng Jia (KAUST) 
 
Collaborations 
Giovanni Guiliano, Paul Fraser, Enrice Cerdá-Olmedo,  
Maria Jesus Rodrigo, Gianfranco Diretto  
Peter Beyer, Freiburg 
Harro Bouwmeester, Wageningen 
Koichi Yoneyama, Utsunomiya University 
Khoki Akiyama, Osaka Prefecture University 
Martina Vermathen, Peter Bigler, Bern 
Sandro Ghisla, Konstanz 
Ralf Reski, Freiburg 
 
Prof. Tadao Asami, University of Tokyo 
Prof. Binne Zwanenburg, Radboud University 
Dr. Djibril Yonli, INERA, Burkina Faso 
 
 

Thanks to:  



Pearl millet: The Miracle Grain 

 Pearl millet, Cenchrus americanus, is the sixth globally 
important staple food and fodder crop 

 
 Mainly grown by subsistence farmers and smallholders 

 
 Widely spread in the semi-arid regions of Africa, India  
     and the Middle East 
 
 Drought and heat resistant 
 
 High nutritional value, containing iron, zinc and provitamin A 
 
 Yields are severely affected by Striga infestation 
 
 Research on pearl millet/Striga lags behind work done with 

other cereals (no validated resistance genes/QTLs)   

Hash et al., 2000; Ejeta, 2007; Haussmann et al., 2004; Parker, 2012 



Combating Striga in Pearl Millet  

We want to.. 
 
Evaluate the suicidal germination strategy in field application 

 Develop low-cost and efficient SLs analogs  
 Establish Protocols for Field application in Burkina Faso 

 Minibox trials 
 Field trials (artificially and naturally infested) 

 
 
Identify resistance factors and provide targets for breeding 

 Investigating SL biosynthesis and release  
 Characterizing two contrasting lines 

 
 Consortium with: 

Tada Asami, University of Tokyo 
Binne Zwanenburg, Radboud University 
Djibril Yonli, INERA, Burkina Faso 



Al-Babili & Bouwmeester, 2015 

Plant Carotenoid Biosynthesis  

cis-Carotenoids 
Intermediates 

Different β-Carotene  
cis-isomers 



S. hermonthica Germination Activity 

9.1 E-11 

1.5 E-9 

8.7 E-8 

5.7 E-8 

Jamil et al. In preparation 

MP1 

MP3 

MP7 

EC50 (Half Maximal Effective Concentration), mean of n=3  



Carotenoid 

Apocarotenoid 

CCD7 

CCD8 
D27 

Plastids 

 
 

BRANCHING 
INHIBITING HORMONE 

[Strigolctone/ 
further metabolite] 

MAX1 

? 

? 
? 

Cytoplasm 

How to Make Strigolactones? 
 

 Biosynthesis in plastids and cytoplasm 
 
 Four biosynthetic enzymes 
 
 CCD7, CCD8 
 
 DWARF27 (D27), unknown catalytic  
    properties 
 
 A cytosolic cytochrome P450 (MAX1)  
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