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Sophisticated models of evolutionary change based on multispecies alignments in noncoding DNA sequences can be used to find gene regulatory regions. About half the predictions are correct (under favorable circumstances) and most nonfunctional regions are rejected. However, these methods are much less effective in finding regulatory regions that are lineage-specific or have undergone turnover in sites for transcription factor binding. We are combining several lines of investigation into the role of the transcription factor GATA-1 in erythroid maturation to better understand DNA sequences involved in gene regulation, both in terms of their evolutionary history and their current mechanisms of action. We mapped occupancy of DNA segments by GATA-1 along 66 million bp of mouse chromosome 7 in G1E erythroid cells (derived from Gata1-null mice) in which GATA-1 function has been restored. Initial ChIP-chip results were re-tested by independent quantitative PCR to generate a high quality dataset of occupied sites. Combining these results with patterns of gene expression in response to GATA-1, direct biological assays for functions of the occupied sites, and analysis of DNA sequences and evolutionary patterns revealed important insights. The protein GATA-1 is an exquisite discriminator of binding site motifs; only about 1/1000 potential sites are occupied in vivo. Motifs for other transcription factors found in erythroid cells partially explain the specific binding. The occupied DNA segments tend to be in the “vicinity” (a few hundred kb) of genes regulated by GATA-1, with about half active as enhancers and about a quarter in promoters. Virtually all the occupied DNA segments contain the canonical binding site motif for GATA-1, WGATAR, but that motif is conserved in multiple mammalian orders in less than half the segments. These occupied segments with conserved binding site motifs are strongly associated with enhancement when tested in transfected mammalian cells. These and other results strongly support the hypothesis that the evolutionary constraint on regulatory function of a subset of occupied sites preserves the sequence and location of the binding site motif. Occupied segments with lineage-specific motifs may have modulatory or storage functions for the transcription factor. 
