Discussion
We provide a comprehensive look into the relationship between enhancer activity and the underlying biochemical measurements that were used to select the candidate Enhancers. By comparing this relationship across several cell types we were able to establish that approximately 50% of elements annotated by significant H3K27ac ChIP-seq and DNase-seq are expected to function as an enhancer. By sampling the full spectrum of ChIP occupancy for myogenin and GR (STARR-Seq) we were able to demonstrate that while top biochemical marks are highly enriched for activity, enhancers are present throughout the spectrum of signal. We demonstrated that the function in enhancer assays is specific to regions that are occupied by biochemical marks, including in regions characterized as enhancers in other cell types. 
YYYdo we have POLIII measurements in any of the cell types we assayed? PolIII provides a credible explanation for inactive regions that are biochemically marked. I think this is hugely important in the context of our biochemistry not working. YYY
[bookmark: _GoBack]We however found no correlation between the degree of enhancer activity measured and the underlying biochemistry. (Figure 5) This lack of correlation is not surprising considering the known issues of transient transfection and the lack of correlation found between even replicate ChIP-seq measurements. Many weakly biochemically marked sites are however part of the top enhancers as measured by the assay. While only a singular example, one of these modestly marked biochemical signals comes from a >95% physically occupied site, meaning that many biological important enhancers are only modestly represented by ChIP-Seq signal explaining the weak correlation of biochemical signal to activity. (Wold & Mueller 1995)
Earlier studies identified over 80-90% active elements from EP300 ChIP-seq but they were biased for biochemically outstanding regions. (Visel 2009) Here, we find that this relative enrichment quickly falls off past the top few hundred regions to approximately 50-60% for the top ranked few thousand regions of a ChIP-Seq experiment. In contrast high throughput studies only score 20-25% of ChIP-seq annotated candidate elements as active. The reason behind this low enhancer discovery rate are many, including the limitations of the size of the cEhancers assayed by these methods and the recently reported ORI and interferon issues. (Stark 2017) While the interfering issues by crosstalk between the mammalian promoter and the ORI in the plasmid also likely affect conventional luciferase assays, we tested our elements in a 5’ position, immediately adjoined to the mammalian promoter. 
In contract, STARR-seq introduces the “enhancer” as a barcode in the 3’ UTR regions which could have the net effect of either blocking or more likely increasing the natural RNA turnover, resulting in a higher or lower measurements than expected. This is unlikely to be the case in a conventional transfection assay as all the transcripts are identical. By cloning the transcript in the 3’ UTR it is also positioned closest to the ORI relative to the mammalian promoter. ORI, which function in bacteria as bidirectional promoters, can produce antisense RNA which is unlikely to differentially target a subset of enhancers in our study. However in a STARR-seq vector the changing nature of the transcript makes the effects of antisense RNA hard to predict. (Muerdter, Boryn et al 2017)
Overall the proportion of active elements is strikingly similar across selection methods. Candidate elements selected randomly from the genome showed no appreciable difference in both relative fold activity and proportion of activity from elements sampled heavily around key loci involved in the development of the tissue. (supplementary figure XX) 
While we established that 50% of elements tested function as enhancers much work remains to be done to characterize whether these and the remaining 50% are also able to provide structural or repressive information to promoters. When observing at the physical structure of gene rich regions in the genome, it is not uncommon for several transcriptionally silent genes to be skipped over for an enhancer to target a promoter. CTCF has been shown to provide some structural information for this context. However, one of the key limitations of this study is that all elements were tested against a single promoter; and while in the current context they function as enhancers they might be passive, or even provide repressive information against a different promoter, such as the ones of the genes being skipped over while being held transcriptionally silent. (REF XX)
Connectivity data has also shown that active genes have several enhancers connected to one gene. (REFXX) One interesting question that remains unanswered is if enhancers are working only in a sub-portion of cells, or whether they working equally were the TFs are expressed. 
The population effect of ChIP-seq and connectivity measurements make it unclear if a subportion of elements found inactive in this study are simply marked for activity but would be active only in another cell context that utilizes myogenin; for example the XXX gene is involved in the formation of forelimb muscle while XXX gene is involved in the formation of limb. Both of these genes are used upstream of muscle and could control differential enhancers. (refs)
During development of muscle, a highly dynamic process, there are thousands of TF occupied sites where EP300 is co-localized but H3K27 has not yet been acetylated, or conversely sites where the histone “history” has remained after the key TF and DNAseHS have disappeared. In these special contexts EP300 TF/EP300 co-marked elements that are negative for H3K27Ac will have been missed in the ENCODE encyclopedia annotation of candidate Enhancer elements. In the rapidly differentiation muscle landscape, many such sites score as enhancers in our assay. Although only a small number of elements were individually tested in immortalized cell lines, it would appear that in aggregate, there is little function in DNAse sites that are not co-marked with H3K27Ac once differentiated. Although only a small number was tested, H3K27Ac exclusive sites (no DNAseHS) do not appear to function as enhancers.
Conversely, in GR the biochemical structure of DNAse and H3k27ac appears largely predestined; which would make these enhancers impossible to distinguish from A549 enhancers in an annotation like that of the encyclopedia. EP300 ChIP-seq proves a key differentiator for a large set of GR specific enhancers. Figure 6 
YYYMore to tie in encyclopedia? We should consider a figure – once draft is more completeYYY
