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Research 
 
Research in my lab is focused on molecular evolution and population genetics of microbial pathogens.  The 
approach is largely computational and aimed at understanding adaptation and diversification of microbial 
pathogens and their virulence factors. 
 
Population genetics and molecular evolution of foodborne bacterial pathogens 
Listeria monocytogenes is responsible for one-quarter of foodborne disease-related deaths linked to known 
pathogens and is the leading cause of food recalls in the U.S.  Current research in my laboratory is focused on 
developing a comparative evolutionary framework for understanding diversification and ecological adaptation of 
L. monocytogenes.  We have used a combination of multigene phylogenetic analyses, ecological surveys, and 
analyses of demographic history to understand the evolution and current phylogenetic distribution of phenotypic, 
ecological and genetic variation within this species.  As a result, we have demonstrated that lineage-specific 
differences in frequency of association with human listeriosis likely reflect ecological adaptations to the food 
processing environment, and not differences in virulence or host range as had been previously suggested.  This 
work has also identified that the epidemic-associated lineage (lineage 1) has been exposed to a series of 
population bottlenecks that did not impact variation in the other L. monocytogenes lineages, indicating that these 
lineages have limited demographic exchangeability and suggesting that these lineages may actually represent 
different species.  Current work is focused on characterizing the nature of selective constraint across the genome 
and identifying examples of lineage-specific adaptive evolution through a combination of comparative genomic 
and molecular evolutionary approaches.  Information on genetic diversity and population structure developed 
from these projects is also being applied to enhance outbreak detection and epidemiological investigation. 
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Evolution of mycotoxigenic plant pathogens 
Mycotoxigenic plant pathogens in the Fusarium graminearum species complex cause billion dollar yearly losses to 
agriculture as a result of reduced yields and price discounts.  These pathogens also represent a serious threat to 
food safety due to contamination of cereal grains with trichothecene mycotoxins that are potent inhibitors of 
eukaryotic protein synthesis and powerful modulators of vertebrate immune function.  Previous and ongoing 
research in our lab has been focused on understanding the evolution and adaptive significance of differences in 
trichothecene metabolite profiles (chemotypes) produced by Fusarium.  Our previous phylogenetic and molecular 
evolutionary analyses demonstrated that trichothecene chemotypes are strain-specific but have a polyphyletic 
distribution within the B-trichothecene lineage of Fusarium due to balancing selection acting on chemotype 
differences that originated in the ancestor of all B-trichothecene species.  This selection is focused on interacting 
polymorphisms located at both ends of a trichothecene biosynthetic gene cluster, resulting in the maintenance of 
disequilibrium between the ends of the cluster which include genes responsible for chemotype-specific steps in 
trichothecene biosynthesis.  We are currently investigating the phylogenetic, geographic, and host distributions of 
trichothecene chemotypes globally in order to elucidate the basis for the observed balancing selection, and 
provide the evolutionary information and molecular tools needed for global monitoring and disease control 
efforts. 
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