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Research

The goal of my research is to characterize the mechanisms and processes that shape genome
structure, function, and evolution in agriculturally important organisms.

Evolutionary Genomics

An understanding of how multigene families evolve and diversify is crucial for understanding the
processes that underlie genome evolution. Current and past research in my laboratory shows
that many multigene families undergo differential rates of gene duplication and loss, resulting in
some genes being maintained in the genome for long evolutionary time periods while others exist
for relatively short periods. This pattern has been termed “birth-and-death evolution”. We are
currently investigating the extent to which multigene families in a variety of eukaryotic and
prokaryotic genomes undergo birth-and-death evolution. Two recent studies published from our
laboratory (Rooney 2004; Rooney and Ward 2005) show that ribosomal RNA genes can undergo
birth-and-death evolution, which is surprising because most researchers consider ribosomal RNA
to be a paradigm of concerted evolution. Moreover, in our study on fungal 5S ribosomal RNA
genes (Rooney and Ward 2005) we also found that these genes undergo a mechanism of
amplification that bears striking similarity to retrotransposition. Interestingly, this mechanism
appears to operate in the genomes of certain plant pathogenic fungi that are supposedly devoid
of or immune to the propagation of mobile genetic elements. We are also interested in
understanding how birth-and-death evolution can give rise to novel genetic systems and complex
phenotypic traits. One example concerns the evolution of chemical communication systems.
These systems are used in bacteria and insects for a variety of purposes. In my laboratory, we
are especially interested in sex pheromones. Over the course of our long-term collaboration with
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Dr. Wendell Roelofs at Cornell University, we have found that the sex pheromone desaturase
multigene family of moths and flies evolves under a birth-and-death process (Roelofs and Rooney
2003; Liu et al. 2004). This provides an explanation for our discovery of sex pheromone
desaturase gene nonfunctionalization as a mechanism for speciation in moths of the genus
Ostrinia (Roelofs et al. 2002). We have recently begun studies on the sex pheromone systems of
bacteria that are important public health and food safety pathogens.

Microbial Population Genetics, Molecular Ecology, and Biogeography

Most studies in the field of population genetics are concerned with patterns at the level of the
individual gene or among a few genes. The goal of our research in this area is to understand
how genetic polymorphism arises and is maintained across the entire genome in natural
populations of bacteria. We are particularly interested in understanding the causes underlying the
fluctuation of genetic variability between different regions of the genome in bacterial pathogens.
Of special interest to us are genes that are involved in virulence and toxin production. The major
emphasis of our research in this area concerns members of the genera Clostridium and Bacillus
that are important in the areas of food safety and biosecurity. We are also interested in the
development of new methods for identifying and monitoring microbes. While some
microorganisms are highly clonal, others possess a tremendous amount of genetic diversity,
especially those that are cosmopolitan and found on every continent. These widespread species
are not only important for the study of microbial evolution but for application to forensic
microbiology. We recently completed a study in collaboration with the United States Army on the
identification of bacteria present in cigarettes associated with an outbreak of acute eosinophilic
pneumonia among military servicemen deployed in Southwest Asia during Operation Iraqi
Freedom (Rooney et al. 2005). Finally, we also study the molecular ecology of extremophiles,
which are unusual microorganisms that live in conditions that are inhospitable to most other
forms of life, such as thermal hot springs, volcanic fields, and hyperalkaline lakes. Our studies
are geared towards characterizing the microbial community composition of these unique
environments and identifying the unique molecular adaptations that allow extremophiles survive
in them.
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