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Boundaries, enhancers and composite elements
We used a set of 2,542 putative boundary elements in CD4+ T cells. These boundaries were computationally predicted from experimental data using an unbiased algorithm we previously published that relies on the genomic distributions of chromatin and transcriptional states (Wang, et al., 2012). Briefly, the algorithm performs a genome-wide maximal segment assessment of ChIP-seq data for histone modifications (chromatin state) (Barski, et al., 2007) and RNA Pol II-binding data (transcriptional state) (Barski, et al., 2010). It then predicts a genomic locus to be a boundary if 1) it shows a transition point between facultatively euchromatic (with activating histone modifications) and hetorochromatic (with repressive histone modifications) domains, and 2) if it shows a transition from sparse to enriched Poll II distribution. Based on these chromatin and transcriptional states, the method estimates boundary element regions to be about 8kb, which is the average span of the predictive characteristic patterns. 
 We also used a set of 23,574 putative enhancers, also predicted for CD4+ T cells. The enhancers were computationally predicted from experimental data using an algorithm that combines support vector machines (SVMs) with genetic algorithm optimization (ChromaGenSVM) (Fernandez and Miranda-Saavedra, 2012). The algorithm automatically selects and uses only the histone marks that best characterize active enhancers. It also automatically optimizes the window size of the epigenetic profiles and other SVM hyperparameters yielding the ~1kb estimate used here for the length of predicted enhancers.  Additionally, about 90% of the method’s enhancer predictions were supported by at least one type of experimental evidence (Felsenfeld, 1996; Hatzis and Talianidis, 2002; Wang, et al., 2005). This experimental support backs the soundness of the putative enhancers used in this study.
As boundary elements (~8kb) are larger than enhancers (~1kb), we searched for loci where any part of an enhancer overlaps or lies within an annotated boundary region. Boundary elements were thus divided into two types; the ‘composite’ elements with enhancers (B+E) and the canonical, non-composite elements without enhancers (B-E). In addition, we examined the genomic loci of enhancers outside boundaries (E-B). A binomial test of enrichment was then performed to check for statistical enrichment of enhancers within boundary elements. For this test, the frequency of enhancers in the genomic background (number of enhancers divided by genome length) was used to compute the expected number of enhancers within boundaries - value μ (μ. This was in turn used to compute a Z-score who’s P-value could be computed.   where x=1021(number of enhancers in boundaries),  =23574,  =154.4,  . 


Chromatin analysis
Four genome-wide functional genomic datasets generated in CD4+ T cells were analyzed. These included ChIP-seq generated genomic distributions for eight different histone modifications drawn from thirty eight (Barski, et al., 2007), genomic sites for 95,710 DNase I hypersensitive sites (Boyle, et al., 2008), ChIP-seq generated genomic locations of ~2 million Pol II binding sites (Barski, et al., 2007) and ~8.3 million RNA-seq tags (Barski, et al., 2010). For all datasets, tags were re-mapped to boundary regions on the human genome reference sequence (assembly hg18). For each dataset, tags mapping to 500bp windows spanning a region of 20kb centered on boundary elements were computed and divided by number of tags in 500bp of local genomic background to yield the fold enrichment. The above mapping was separately performed for regions centered on boundary elements co-locating with enhancers (B+E), standalone boundary elements (B-E) and enhancers outside boundaries (E-B). (Figure 1C, D and S1 A, B, C, E). For each dataset, tests of significance of difference in fold enrichment were done using paired Man-Whitney U-tests between B+E, B-E and E-B. The thresholds of significance used to assess these tests were obtained after Bonferroni corrections, by which the threshold of 0.05 is divided by the number of tests performed to obtain the corrected threshold of significance. The patterns of fold enrichments across the open regions are shown with corresponding averages of fold enrichment as bar plots (Figure 1C, D and S1 A, B, C, D, E). For the evaluation of histone modifications, a subset of 8 histone marks (H3K4me1, H3K27ac, H3K36me3, H3K9ac, H3K4me2, H3K4me3, H4K20me1 and H3K27me3) in the CD4+ T cell-line (Wang, et al., 2008) was used (Supplementary figure 1A, B). To simplify the assessment, a combined histone mark fold-enrichment-index, defined simply as the sum of the fold enrichments of all individual histone marks was computed and plotted for both B+E and B-E elements (Figure 1C).

Gene expression analysis
32,128 Refseq annotations from the human genome assembly hg18 were downloaded from the UCSC genome browser (Fujita, et al., 2011). The Refseq annotations were then compiled into 15,658 non-overlapping transcriptional units whose expression levels were determined as previously described (Jjingo, et al., 2011) using 44,776 probe sets across 79 human tissues (Su, et al., 2004). Genes within 10kb on the open side of boundary elements were then obtained for both B+E (n=109), B-E (n=1615) and E-B (n=22,553) elements. For insight into tissue-specificity, expression of each gene in CD4+ T cells was compared with its corresponding average expression in the rest of the 78 tissues, yielding two arrays; one with expression values in CD4+ T cells and another with the corresponding average expression values in the rest of the 78 tissues. Averages for both arrays were then computed for B+E, B-E and E-B elements and plotted (Fig. 1E). To assess the relative association of the tissue-specificity of genes to B+E elements versus none-B+E elements, we categorized genes into those specifically highly expressed in CD4+ T cells relative to other tissues and those highly expressed in other tissues relative to CD4+ T cells. We thus evaluated four categories of genes; CD4+ T cell-specific and not-CD4+ T cell- specific genes that are associated with B+E elements and CD4+ T cell-specific and not- CD4+ T cell- specific genes associated that are not associated with B+E elements. The relative distribution of genes between these four categories was assessed using the Fisher’s exact test (Supplementary Table 1).



Functional analysis
[bookmark: _GoBack]For gene set enrichment analysis, we evaluated the distribution of functionally coherent sets of genes, as defined by shared Gene Ontology (GO categories) or presence in the same KEGG pathways. This set of genes was then manually compared to the set of genes proximal (within 10kb) and on the open side of compound B+E elements (Fig. 2A, B and Supplementary figure 2), B-E and E-B regulatory elements. The hypergeometric test was used to evaluate the significance of the enrichment of genes within a defined functional group around sets of regulatory elements. Specifically the enrichment of genes around all three categories of regulatory elements (B+E, B-E and E-B) was assessed for biological functions known to be largely CD4+ related; the T-cell receptor pathway, the voltage-gated potassium ion channels and the chemokine signaling pathway. 
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