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ThKEL1: Mycorrhization of 
Canola/oilseed rape 

 
The Trichoderma harzianum Kelch Protein (ThKEL1) plays a 

key role in root colonization 
 

Overexpression of ThKEL1 in Brassica plants enables 
mycorrhization and dramatically improves yield 

 
 

Mycorrhizae represent symbiotic associations between plants and fungi based on the exchange of metabolites and nutrients. 

Mycorrhization occurs in root systems as well as in thalli and shoot systems, depending on the type of plants. The 

Brassicaceae family includes plants that are non-host for arbuscular mycorrhizal fungi (AMF); canola is known for being a 

non-host brassica. AMF are mutualistic symbionts between soil fungi and the roots of more than 97% of higher plants, they 

are an important complement for water and nutrient uptake for plants, while the fungus benefits from sugars produced during 

photosynthesis. For many crop species, AMF symbiosis is an outstanding feature for crop productivity.  

 

Carlos Nicolás and colleagues at the Department of Botany and Plant Physiology, Spanish-Portuguese Institute for 

Agricultural Research (CIALE), University of Salamanca previously isolated and characterized the Thkel1 gene from T. 

harzianum and observed that this gene codes for a protein which showed similarity to plant nitrile-specifier proteins (NSPs) 

and epithiospecifier proteins (ESPs), which when interacting with myrosinases convert glucosinolates to both simple nitriles 

and epithionitriles. The inventors have now demonstrated that Brassica plants genetically modified to express the ThKEL1 

protein can form mycorrhizal structures, as shown in the photos below. 

 

  
 

Figure 1: Microscopic analysis of the mycorrhizal structures of inoculated BnKel2 rapeseed roots. Colonization of BnKel2 

roots were visualized by light microscopy in plants stained with ink (A-B), and by confocal microscopy in plants stained with 

the WGA-Alexa Fluor 488 (C-F). Arrows point to intraradical hyphae (H) and arbuscules (A) (A,B,C), to the xylem vessels 

(Xv) and the cortex (C) of non-inoculated plants (D), and to the arbuscular structures of inoculated BnKel2 plants (E). A 

detailed view of the arbuscules shape within the cells of rapeseed roots, amplified from panel E, is shown (F). 
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The inventors inoculated wild type and Thkel1-overexpressing (BnKel) rapeseed plants with a commercial AMF inoculum 

containing five different AMF species, as well as with three individual strains of this mixture: Funneliformis mosseae, 

Rhizophagus irregularis and Claroideoglomus claroideum. No colonization was observed on the roots of the wild-type plants 

and also no fungal DNA was detected whereas the DNA of AMF was found in the transgenic lines analysed. In addition, the 

staining of the roots demonstrates the formation of AMF arbuscules in the roots of BnKel rapeseed plants (see Figure 1). 

Mycorrhization was also observed when BnKel plants were inoculated with each of the three individual AMF strains. 

 

 

Seed yield (seed weight per plant) was significantly higher (about 50%) in the transgenic lines expressing the ThKEL1 

protein and inoculated with AMF (Figure 2) compared to the wild-type plants. The increase is due to an increase in both the 

number of siliques and the number of seeds per silique. This increase was even higher under abiotic stress conditions, 

such as salt (Figure 2B) and drought stress conditions (Figure 2C). The higher degree of T. harzianum colonization of 

transgenic rapeseed roots were accompanied by an increase in productivity (Figure 2D). The higher degree of root 

colonization by T. harzianumin BnKel1 and BnKel2 plants was also accompanied by an increase in the number of siliques per 

plant. The transgenic plants also had higher levels of phosphorous and iron in their leaves. 

 

 

 

 

Figure 2: Rapeseed productivity. The weight of the seeds collected from the commercial variety (WT) and the transgenic 

Thkel1 lines (BnKel1 and BnKel2) per plant without stress (A), under salt stress (NaCl 200 mM; B), and under drought stress 

(C). The weight of seeds collected after inoculation with the control strain (+T34), the transformation control (+ThJL43), and 

the transformants with the silenced Thkel1gene (+K4 and +K10) of T. harzianum (D). 
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The inventors analysed GSL (glucosinolate) levels in 10-week-old roots of wild type and BnKel2 plants inoculated or not with 

AMF. In the case of the inoculated and non-inoculated wild type plants, no significant differences in the levels of indole GSLs 

were detected after AMF inoculation, whereas a significant increase in the content of aliphatic GSL (aliphatic GSLs are less 

toxic than the indole GSLs) was detected. The levels of both indole and aliphatic GSLs significantly decreased in roots of 

BnKel2 plants inoculated with AMF. In addition, a significant increase in the levels of a toxic isothiocyanate, derived from the 

hydrolysis of indole GSLs, was detected in inoculated wild type plants. In contrast, the isothiocyanate levels significantly 

decreased in BnKel2 plants after AMF inoculation and this allows the mycorrhization. No negative effect on insect defence 

was observed in the transgenic plants and generally the inventors observed that there was an increase in jasmonic acid (JA) 

related genes and a reduction of disease symptoms against the rapeseed pathogen Phoma lignam causing blackleg disease. 

 

Furthermore, the BnKel2 seeds showed an increase in the levels of octadecatrienoic acid, an unsaturated omega-3 fatty 

acid highly important for human nutrition. This omega-3 fatty acid is considered to have a positive effect in the prevention of 

cardiovascular disease, obesity or as a neuroprotective agent. Similarly, seeds of BnKel2 plants contained higher levels of 

glycerophosphocholine (see Figure 3), which is considered very important in the treatment of cognitive impairment as a 

choline supplier, a precursor of the neurotransmitter acetylcholine, commonly used in the treatment of Alzheimer´s disease 

and other dementias. 

 

 
Figure 3: Relative quantification of the lipids and lipid-related compounds in the oils of rapeseed seeds. A) octadecatrienoic 

acid; B) glycerophosphocholine. Wild type control (C) and Thkel1 transgenic line 2 (20) inoculated with AMF (+G).  

 

The inventors have shown that ThKEL1 modulates myrosinase activity, modifying GSL hydrolysis and thereby allowing 

rapeseed mycorrhization. 

 

In summary, the overexpression of the Thkel1gene from T. harzianumimproves in oilseed rape: 

• improves plant responses to pathogens by inducing systemic defenses mediated by JA 

• demonstrates a key role for ThKEL1 in colonizing the roots of Brassicaceae plants, by 

○ modulating myrosinase activity 

• increases T. harzianumroot and AMF colonization, which 

• results in higher plant productivity (increase in seed yield), 

• shows further benefits under abiotic stress conditions 

• results in less toxic and nutritionally improved seed oil composition 

• has good application in food and/or feed biotechnology 
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