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Research Interests 

My research seeks to define and understand evolutionary adaptation by 
integrating different levels of biological understanding: behavior, physiology, 
enzyme functions, DNA sequence variation and genomics. My first publications 
were on behavioral ecology (ant communications, optimal patch use in birds and 
army ants, thermal regulation). Since then my research has focused on 
biochemical and molecular traits in order to gain a finer resolution of how animals 
evolve. Importantly, evolutionary analyses also provide a better understanding of 
molecular and biochemical processes. This duality: using evolution to understand 
molecular physiology and using molecular traits to investigate evolutionary 
processes is the foundations of my research.  

My primary research focus is the study of variation in gene expression and its 
physiological and evolutionary importance. To better understand the biological 
importance of gene expression, we are developing Functional Genomics tools 
for the teleost fish Fundulus. These tools include greater than 8,000 unique 
Fundulus cDNAs for microarray studies, bioinformatics to annotate and 
investigate these genes, and statistical capabilities to analyze large microarray 
datasets. Microarrays are thousands of micro-formatted DNA samples printed 
onto microscope slides in a precise and known pattern. Each DNA spot 
represents a single gene that is used to measure mRNA expression by 
hybridizing to fluorescently labeled mRNA. Thus, microarrays can be used to 
determine the patterns of mRNA expression for virtually all expressed genes in 
an organism, organ, or cell type. Our initial microarrays studies have examined 
the magnitude of variation and biological parameters that affect gene 
expression. Thus, similar to protein polymorphisms, our microarray analyses 
revealed that approximately 18% of genes differ significantly between healthy 
individuals within a population. Typically, this difference among individuals for a 
gene is 1.5 fold but often exceeds 2.5 fold. Differences among populations 
increase this variation. The majority of the variation among populations is most 
parsimoniously described as random because it correlates with the variation 
within populations. Some genes have unexpected patterns of expression: 
changes in gene expression unrelated to evolutionary distance. These data 
indicating substantial variation in gene expression, provide evidence that 
quantitative variation is important for evolution and that this variation within and 
between populations needs to be considered in medically relevant studies. To 
better understand the meaning of the variation in gene expression, we are 
investigating the relationship between how changes in mRNAs relate to 
changes in protein concentration, physiological performance, ecological setting 
and evolutionary divergence. This broad approach requires a diversity of 
research methods and critical thought. 
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