
Bio: 
 Raluca Gordan is an assistant professor in the Center for Genomic & Computational Biology and the Department of  

Biostatistics and Bioinformatics at Duke University. She graduated from University of  Iasi (Romania) in 2005 with a B.S. in 
Computer Science. She received her Ph.D. in Computer Science in 2009 from Duke University, followed by two years of  
postdoctoral training in computational and experimental regulatory genomics at the Harvard Medical School. Her research 
combines computational modeling and high-throughput experiments to study, at a quantitative level, how transcription factors 
identify and bind to their specific target sites across the genome, given the complexity of  the genomic search space and the 
numerous competitive and cooperative interactions that happen in the cell's nucleus. Her research is currently supported by NIH 
and NSF. She is the recipient of  starter grant awards from the PhRMA and March of  Dimes foundations, and a recipient of  the 
SLOAN fellowship in Computational and Evolutionary Molecular Biology. 

 

 
 
 

Toward a quantitative understanding  
of transcriptional regulation 

Wednesday, May 4 
10:00 am GHC 6115 

Host: Andreas Pfenning 

A major step in the regulation of  gene expression is binding of  regulatory proteins called transcription factors (TFs) to specific 
short DNA sites in the promoters and enhancers of  regulated genes. Mutations in TF binding sites can lead to dysregulated gene 
expression and contribute to disease. Importantly, even small changes in gene expression can lead to disease over time, and even a 
small increase or decrease in TF-DNA binding affinity can have important phenotypic consequences. Thus, sensitive quantitative 
approaches are needed to measure and model binding of  TFs to the genome, and to understand how changes in TF binding lead 
to changes in gene expression levels. 
 
As a first step toward a quantitative understanding of  transcriptional regulation, we recently developed highly accurate regression 
models of  TF-DNA binding, trained on in vitro data generated in my laboratory. The models use features derived from the DNA 
sequence and structure of  potential binding sites, and they have numerous advantages over current motif  models. Importantly, 
what allows us to train very accurate and quantitative models is the fact that we use a combination of  state-of-art machine learning 
algorithms (e.g. ε-SVR with feature selection based on a modified version of  LASSO) and experimental assays carefully designed 
to alleviate bias and minimize noise (e.g. genomic-context protein binding microarrays).  
 
In two recent studies, our protein-DNA binding data and models led to new insights into the genomic recruitment of  human TFs. 
We found that oncogenic transcription factors from the E2F family, currently believed to bind indirectly to >80% of  their ge-
nomic target sites, can bind a wide variety of  DNA sites in vitro. We used support vector regression models to capture the com-
plex intrinsic binding specificity of  E2Fs, and we found that it completely explains their in vivo genomic occupancy. In another 
study, focused on paralogous TFs with indistinguishable DNA motifs but different in vivo targets and regulatory roles, we found 
that such TFs interact differently with their genomic targets even in vitro. Using weighted regression models that incorporate in-
formation on the variance observed in replicate experiments, we show that differences in intrinsic specificity between paralogous 
TFs are a major determinant of  their differential in vivo binding.  
 
I will also discuss current and future efforts to quantify the influences of  various cellular factors (such as protein competitors and 
cofactors, epigenetic modifications, etc.) on the genomic recruitment and the regulatory activity of  human TFs. 
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