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Integrating evolutionary and functional genomics to
find human-specific enhancers of gene expression
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Many of the dramatic differences in form and function between humans and our closest
living relatives, the chimpanzees, are likely the result of changes to noncoding DNA that
modify patterns of gene expression. In this talk, I will describe our efforts to identify non-
coding regions of the human genome that have different regulatory functions in humans
than in chimps. As a first step toward this goal, we developed a machine learning algo-
rithm to identify genomic regions that are enhancers of gene expression. e algorithm
integrates the evolutionary history, DNA sequence patterns, histone modifications, chro-
matin state, and transcription factor (TF) binding sites for a region, and it performs very
well in cross validation using known developmental enhancers. We applied the algorithm
to the entire human genome to generate a set of genome-wide tissue-specific enhancer
predictions. Next, we identified hundreds of potential human-specific enhancers from
the genome-wide set by analyzing evolutionary patterns and TF binding site divergence
between human and chimp in the predicted enhancers. We then compared the enhancer
activity of the human and chimp sequences of 29 of the predicted enhancers in trans-
genic mice. More than 80% (24/29) of these regions proved to be enhancers at the devel-
opmental stage tested (E11.5), and several exhibited consistent human-specific enhancer
activity. ese regions are exciting candidates for understanding the evolution of human-
specific traits. is work lays a foundation for finding generic approaches to modeling the
functional effects of noncoding sequence variation within and between species. I will also
briefly describe our efforts to model the influence of GC-biased gene conversion on fast
evolving regions of the human and chimpanzee genomes.
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