
GRADUATE AND POSTDOCTORAL STUDIES 
 

MCGILL UNIVERSITY 
 

 
 

FINAL ORAL EXAMINATION 
FOR THE DEGREE OF  

DOCTOR OF PHILOSOPHY 
 

OF 
 

UDAYKUMAR KAGE 
PLANT SCIENCE 

 
 CANDIDATE GENE IDENTIFICATION FROM THE WHEAT QTL-2DL 
FOR RESISTANCE AGAINST FUSARIUM HEAD BLIGHT BASED ON 

METABOLO-GENOMICS APPROACH 
 

August 11th 2016 
9.15 A.M 

 
Macdonald Stewart Building – Room MS2-022 

McGill University, Macdonald Campus 
 
 
 

COMMITTEE: 
Dr. Ian Strachan (Pro-Dean) (Natural Resource Sciences) 
Dr. J. Singh (Chair) (Plant Science) 
Dr. A. Kushalappa (Supervisor) (



ABSTRACT 
Wheat (Triticum aestivum L.) is the most important cereal food crop 
cultivated around the world. Fusarium head blight (FHB) caused by 
Fusarium graminearum is one of the most destructive diseases of wheat. 
Apart from causing huge yield losses, FHB is also known to 
contaminate grains with mycotoxins that are harmful to human and 
animal health. Several quantitative trait loci (QTL) have been identified 
for FHB resistance in wheat, but the mechanisms of resistance and 
candidate genes underlying them are still unknown. Therefore, in the 
present study an integrated metabolomics and genomics approach was 
used to identify the candidate genes and mechanisms of resistance in 
near-isogenic lines (NILs) of QTL-2DL. The high fold-change in 
abundance, resistance related (RR) metabolites, identified in rachis 
samples of NIL-R following pathogen inoculation were, p-
coumaroylagmatine, p-coumaroylputrescine, and phosphatidic acids. 
The candidate gene, p-coumaroylagmatine transferase (TaACT) is 
associated with the biosynthesis of p-coumaroylagmatine and p-
coumaroylputrescine. The diacylglycerol kinase (TaDGK) and glycerol 
kinase (TaGLI1) are involved in the production of phosphatidic acids. 
The dissection of QTL based on flanking marker sequencing led to the 
identification of the transcription factor TaWRKY70 within the QTL-
2DL region. In-silico and manual analysis of promoter sequences of 
TaACT, TaDGK and TaGLI1 showed the presence of WRKY binding 
sites, additionally luciferase assay proved their physical interaction in-
vivo. Further, functional validation of TaWRKY70 based on virus 
induced gene silencing (VIGS) in NIL-R, not only confirmed an 
increase in fungal biomass but also a decrease in the expression of 
downstream resistance genes: TaACT, TaDGK and TaGLI1; this was 
associated with a decrease in abundance of RR metabolites 
biosynthesized by them, confirming the plausible FHB resistance 
mechanisms in rachis governed by this QTL. Similarly, in spikelet 
samples of NIL-R, we found high abundances of phenylpropanoids, 
glycerophospholipids and fatty acids. These are known to be involved 
in cutin and suberin biosynthesis. The genes involved in their 
biosynthetic pathway (TaGPAT3, TaCER5 and TaPAL) were also found 
in the QTL-2DL region. Transcript abundance of genes in spikelets 
based on qRT-PCR showed higher expression in the NIL-R compared 
to NIL-S, confirming the potential role of QTL-2DL in spikelet 
resistance. However, these genes also have to be functionally validated 
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