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ABSTRACT

Animal genomes possesses anywhere from tens of thousands to more than a million mutations that are genetic baggage from mutations that occurred in the past. Each mutation can either improve, reduce, or have no effect on fitness. Moreover,
the effects of such mutations can depend on the presence or absence of other mutations, so called epistatic interactions. A goal of evolutionary-developmental biology research is to identify the mutations responsible for the evolution of form and
function, and to understand the molecular mechanisms of their effects. This goal remains out of reach, as the effects of mutations and epistatic interactions are difficult to predict without knowing the function of the DNA sequence they reside in.
This difficulty is heightened for mutations occurring in cis-regulatory element sequences that act as switches to control gene transcription. We are using a fruit fly model to test hypotheses about the molecular mechanisms by which mutations alter
a genetic switch’s activity, and whether these function-altering mutations are subjected to the tyranny of epistatic interactions. Specifically, we are investigating the Drosophila melanogaster dimorphic element that is a transcription-regulating
switch for the bric-a-brac genes. Three mutations in the dimorphic element were identified that individually alter the level of bric-a-brac transcription. The presence or absence of epistatic interactions will be determined by measuring the activity of
dimorphic elements from related species that have been engineered to possess the Drosophila melanogaster mutations. | will also test the hypothesis that these mutations impart their effects by creating or destroying binding sites for transcription
factors. The results will provide a needed example where an understanding of molecular mechanisms bridges the gap between a cis-regulatory element’s DNA sequence and its functional evolution.
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Derived Mutations that Alter Dimorphic Element Function
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— Dark 1 T TCTT TCTG| | TGA CAACAATGTTGCTGC| | CTGGG TGTGT | | TGAT GGGC
I—“ Dark 2 T TCTT TCTG| | TGA CAACAATGTTGCTGC| | CTGGG TGTGT TGAT GGGC
— — D. mel. TTCTT TCTG| | TGA CAACAATGTTGCTGC| | CTGGG TGTGT | | TGAT GGGC ® °
— D. simulans |[TTCTTECTCTG| | TGC CAACAATGTTGCTGC| | TTGGCEGATGTGT || TGAT GGGC FUture D"‘QCt'Ons

D. mel. + “F” |[J D.mel. + “L”

= Potential Outcomes in Progeny . . .
Il Parental cross Type | Type i Type lil We will validate factors, such as Vvl, by testing
x — | whether reduced expression by RNAi results
S A 2 e Ny o N So| in altered Dimorphic Element CRE activity.
UAS TF- DE-EGFP ; DE-EGFP ; pnr-GAL4 / UAS-TF-RNAi
RNAI pnr-GAL4
100 + 4% + 160 + 6% 215 + 4%

REFERENCES ACKNOWLEDGEMENTS

MLW was supported by the University of Dayton’s Graduate Student Dean’s Summer Fellowship in 2019.

Rogers, W.A., Salomone, J.R,, Tacy, D.J.,, Camino, E.M., Davis, K.A., Rebeiz, M., and Williams, T.M. (2013). Recurrent Modification of a

Conserved Cis-Regulatory Element Underlies Fruit Fly Pigmentation Diversity. PLoS Genet. 9, €1003740. TMW was supported through funding from the American Heart Association (11BGIA7280000) and National Science Foundation (I0S-1146373
and 10S-1555906).

Williams, T.M., Seleque, J.E., Werner, T., Gompel, N., Kopp, A., and Carroll, S.B. (2008). The regulation and evolution of a genetic

switch controlling sexually dimorphic traits in Drosophila. Cell 134, 610-623. The Yeast One-hybrid work was done in collaboration with Dr. Bart Deplancke’s lab at the EPFL.



