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Abstract. Macrophomina phaseolina, an internationally distributed fungus, causes a disease known as ―charcoal rot‖ 

(also known as dry-weather wilt and summer wilt) which clogs vascular tissue and produces yellow, wilted plants with 

visible fungal sclerotia. Primarily acting in dry, hot conditions it inflicts massive economic losses in Midwestern crops 

such as soybean, alfalfa, sorghum and cotton.  In the southern 16 states was ranked the 2nd most damaging disease from 

1990-1994 and caused an estimated 4.7 X105 metric tons of soybean loss from 1999-2002.  By subjecting the model 

legume Medicago truncatula to a series of ecotype and mutant screens, it is hoped that altered susceptibility (AS- either 

unusual susceptibility or resistance), may be found.  Once encountered, further analysis should reveal altered molecular 

pathways in the host-fungus interaction which are key to understanding resistance.   

 

1. Introduction  
With a wide host range in more than 500 cultivated and wild plants including Arachis hypogaea (peanut), Glycine 

Max (soybean), Helianthus annuus (sunflower) Medicago sativa (alfalfa) and Zea mays (corn), infection by M. 

phaseolina is found in most crop-producing areas of the tropics, subtropics and subtropical-temperate regions.  

Many crops develop the disease after they have lost vigor due to environmental stresses such as drought or high 

temperature. (Dhingra 1978).  The main symptom of adult plants is dehydration of leaves followed by progressive 

necrosis of vascular tissue with subsequent collapse of surrounding pith and epidermis while large numbers of 

sclerotia (the long term survival unit of the fungus) develop in the xylem vessels plugging them resulting in drastic 

reduction of water transport (Dhingra 1978, Pratt 1998). With such wide spread and economically devastating 

consequences, effective ways to manage charcoal rot will be very beneficial.  Many agronomical techniques have 

been suggested as means of control, ranging from irrigation to adjusting planting dates to changing planting 

densities, however, to date it is thought that host resistance may be the only feasible method to manage charcoal rot 

(Mengistu 2007).  

Medicago truncatula is a vastly applied model legume which shows promise of translational findings to other plants, 

especially closely related legumes such as Medicago sativa.  Due to its genetic tractability, M. truncatula is believed 

to be able to provide a platform that will identify and isolate genes involved in resistance signaling pathways, 

however to date very little is understood of the M. Phaseolina infection of M. truncatula (Ellwood 2006).  Utilizing 

mutant and ecotype screening methods of M. truncatula in search of a genotype that exhibits either unusual 

susceptibility or resistance to the fungus (deemed AS for altered susceptibility) it is presumed that such a genotype 

will help further understanding of interactions between the fungus M. phaseolina and its plant host M. truncatula. 

These findings can then be extrapolated to other plant hosts.   

2. Experiment, Results, Discussion, and Significance  

Two methods used in the screening process are an in vivo assay (for the ecotype screening) and an in vitro assay (for 

the mutant screening).  The in vivo assay consists of dipping the roots of the Medicago truncatula plants in a 

suspension of ground sclerotia in agarose (Figure 1).  The plants are repotted and monitored for disease progression.  

In the in vitro assay (also called detached leaf assay) leaflets are clipped from a M. truncatula plant and inoculated 

with a M. phaseolina infested agar plug (Figure 2). 

                                                                         

Figure 2 - in vitro screen 

from Tnt1 mutant screen 

Figure 1 - In vivo screen; control 

left, treatment right (Gaige 2010) 
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Mutant Screen 

 

Once a year the plant biology division of The Noble Foundation (Ardmore, Ok) allows researchers to participate in 

forward-genetic screening using non-destructive assay techniques on M. truncatula mutant lines generated using the 

tobacco retrotransposon Tnt1. In 2009, 259 lines were screened without finding any line with AS (screen was 

performed by colleague Andrés Reyes Gaige- see acknowledgements).  In 2010 another 286 lines were screened. 

However the controls used in the screening procedure showed too much variation.  The data was rendered unusable.  

In the 2010 screened plant conditions were altered due to the fact that plates were monitored at the Noble 

Foundation instead of WSU facilities.  At the foundation plates were sealed with parafilm so that fungus wouldn‘t 

spread in the facility and put in a room under lights where there was the most room available for observation.  These 

two changes in condition could have caused the variability.  Small scale experiments testing the differing conditions 

are being carried out in attempts to eliminate such issues for the September 2011 screen. 

 

Wildtype Screen 

 

A variety of wildtype M. truncatula seeds were obtained representing ecotypes from around the world. As of yet 236 

lines have been screened with no AS found (a number of these lines were screened by colleague Andrés Reyes 

Gaige-see acknowledgements).   

 

With close to 500 screened genotypes that don‘t show AS, it is easy to think that this is an impossible task.  While 

acknowledging the improbability of the project, 500 lines is only a small proportion of genotypes available.  The 

Noble Foundation itself has over 7000 more insertion based mutated lines that remain unscreened (Tadege 2008).  

There are also hundreds of thousands more created by fast neutron bombardment that are available for potential 

screening not to mention numerous other strategies such as chemical and deletion mutagenesis that could develop 

their own hosts of unique genotypes (Tadege 2009).  It seems then that the question is not a matter of if an AS 

genotype will be found but when.  

  

3. Conclusions 

 

In search of a resistant line, ecotype and mutant populations of Medicago truncatula are being screened with the 

fungus Macrophomina phaseolina.  As of yet 259 mutant lines have been screened using a detached leaf in vitro 

method and 236 ecotype lines have been have been screened in vivo.  Combined there have been close to 500 lines 

screened without any exhibiting AS characteristics.  While this may be disconcerting these represent only a small 

portion of the lines available for screening.  Plans are in place for another mutant screening at the Noble Foundation 

in fall 2011 and 86 more ecotypes remain to be screened.   
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