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Genetic causes of the evolution of morphology and behavior

Our goal is to identify the genes and, ultimately, the individual nucleotides
that have generated diversity of form and behavior. Much of our work is
focused on a group of closely related species in the Drosophila melano-
gaster species group. These species display enormous morphological,
physiological, behavioral, and ecological diversity. We are developing a set of
genomics and genetics tools to accelerate molecular analysis of phenotypic
evolution in this group of species.

Our work on the evolution of form has focused on the cis-regulatory
changes that led to morphological evolution between closely related species
of Drosophila. We have discovered that these morphological changes arose
by the accumulation of multiple cis-regulatory mutations of very small effect
that have accumulated in many independent enhancers. We are now work-
ing to identify the transcription factors that bind to these evolving cis-regula-
tory enhancers.
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Figure - One of the cis-regulatory enhancers of the shavenbaby gene drives gene expression in

the Drosophila embryo in a subset of the cells (magenta) that differentiate trichomes (green). Other
shavenbaby enhancers drive expression in partially overlapping and complementary patterns.
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Controls of germline stem cells and their niche

My lab investigates two basic problems of animal development. First, how
are stem cells maintained within their niche and then controlled to switch
from a stem cell state to a differentiated state? Our work in this broad area
focuses on controls of germiine stem cells and their decision to enter meio-
sis and differentiate as sperm or oocyte. Second, how is an asymmetric cell
division controlled to generate daughters that are distinct with respect to
both size and fate? Our work in this second area focuses on a sexually
dimorphic asymmetric cell division that generates regulatory somatic cells
that form the niche for germline stem cells in both sexes. We use the nema-
tode C. elegans to investigate these fundamental problems. Our studies
began with genetics and cell biology, but now extend into biochemistry and
systems biology. We have delineated a molecular network that controls the
decision between germline self-renewal and differentiation, and discovered
insights into the Wnt pathway and its control of both asymmetric cell divi-
sions and niche specification.
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Figure - Top, Distal Tip Cell (green) niche governs germline self-renewal by Notch signaling. Blue, nuclei;
red, Notch receptor. Bottom, network controls decision between germline self-renewal or differentiation.
Red, regulators of self-renewal; blue, regulators for meiotic entry; black, regulators of sperm fate.
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