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ADDITIONAL METHODS
Primers used for RT-PCR
SGK1, forward  5’-atctcgcacctgaggtgctt-3’

SGK1, reverse
5’-gcaggccatacagcatctcat-3’
GEM, forward 5’-agtacagccaccgcaaccgc-3’

GEM, reverse
5’-ggccagccgccgttcattct-3’
CD44, forward 5’-agaaggtgtgggcagaagaaaa-3’

CD44, reverse
5’-cattctgcaggttccttgtct-3’

MYC, forward 5’-gggtttatctaactcgctgtag-3’

MYC, reverse
5’-gagtcgtagtcgaggtcatagt-3’

GAPDH, forward 5’-gtcagtggtggacctgacct-3’

GAPDH, reverse 5’-tgagcttgacaaagtggtcg-3’
Primers used for MNase Footprint PCR at MMTV
NucF, forward 1(f1) 5’-TCTGCTGCAAACTTGGCATA-3’ 

NucF, reverse 1(r1) 5’-AGAGTCAAGGGTGAGAGCCC-3’ 

NucF, forward 2 (f2) 5’-AGGGCTCTCACCCTTGACTC-3’ 

NucF, reverse 2 (r2) 5’-AGGTCGAGTTCTCCGAATTG-3’

NucD, f1 5’-ATAGGAGACAGGTGGTGGCA-3’ 

NucD, r1 5’-ATGGTAAGGGGGCATCTGTT-3’ 

NucD, f2 5’-TACAGACCAACAGATGCCCC-3’ 

NucD, r2 5’-GCCATTGACTGTAACCCACC-3’  

NucB, f1 5’-GAACATTATTCTGCAAAAACTTATGG-3’ 

NucB, r1 5’-TACTTAAGCCTTGGGAACCG-3’ 

NucB, f2 5’-CGGTTCCCAAGGCTTAAGTA-3’ 

NucB, r2 5’-CCAAACCAAGTCAGGAAACC-3’.    

Normalization of microarray data
Examining the raw microarray data, we found that the intensity profile for MNase digested and sonicated bare DNA probes (each with an average length of ~500 bp) were very similar, indicating that neither control DNA introduces significant error due to preferential cleavage of some positions by either MNase or sonication. However, when we used 146 bp size-selected bare DNA fragments, this resulted in serious disparities between sonicated and MNase digested bare DNA signals (probably because fragments this small after sonication or MNase digestion represent only the subset of DNAs that are most susceptible to fragmentation by each method). 


We noted that the curves of normalized nucleosome/bare ratios versus percentile rankings (where the median equals 50%) could differ significantly between data sets (Fig. S2B). This indicated that differences in background signal as well as hybridization response could distort nucleosome occupancy curves and prevent direct comparison across samples. To address this issue we used a quantile normalization procedure that is commonly used for gene expression microarray data [1], and that was effective in allowing comparison between nucleosome position datasets from tiling microarrays  [2]. Briefly, normalized nucleosome/bare values were ranked from lowest to highest, and tables of values at each percentile across seven array experiments were used to generate a single table of average values. Each dataset was then quantile normalized such that  the value at a given percentile in the ranked data was set to equal the value for the same percentile in the average curve. This normalization method was effective at improving the fit of the nucleosomal datasets derived from the same condition (nodex 1 & 2 and dex1hr 1 & 2), reducing average absolute difference for values at each position from 0.31 to 0.28. It also clearly improved the fit between nucleosomal traces (for example, see Fig. S2C). 

Deviation-weighted smoothing of nucleosome position data
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Previous studies using tiling microarrays to map human nucleosome positions have shown a moderately high level of high frequency noise (sharp signal differences between adjacent oligos separated by only ~10 bp) [2]. This noise can be reduced, but not eliminated by using multiple forward and reverse oligos for each sequence [3]. Because nucleosomes have 146 bp footprints, it is reasonable to apply a smoothing function to the data, so long as the smoothed interval is small relative to the size of a nucleosome.  We chose to use an exponential-decay smoothing function that weighted all oligos within 40 bp of a central reference oligo by 0.5((bp to reference oligo)/10). In addition, given the nucleosome/bare ratios for each of the four oligo spots on the array (F1, F2, R1 & R2) and the median value, we could calculate a deviation from the median value for each position. This value divided by the average deviation from the median for all positions on the array provides a measure of reliability for each median value (higher when this value is low). Incorporating this reliability score resulted in the following smoothing function:
where (y is the deviation from the median value for F1, F2, R1 & R2 oligos for position y, and (avg is the average deviation from the F1, F2, R1 & R2 median for all positions on the array. We found that this smoothing function performed much better than linear smoothing, and was also better than standard exponential smoothing at removing anomalous single-oligo peaks (Fig. S2D).

Estimates of absolute nucleosome occupancy

Since each point on the nucleosome occupancy curve corresponds to the center of a 50 bp oligo, a peak of data points corresponding to a well-positioned nucleosome will not cover the full 146 bp footprint of the mononucleosome. This is because all 50 bp of each oligo must overlap the mononucleosome fragment to give a signal. Accordingly, a perfectly positioned nucleosome will hybridize with only ~9 oligos spaced by 10 bp ( (146bp-50bp)/10bp = 9.6). This same effect makes low value linker regions between well-positioned nucleosomes seem longer (covering a number of oligos equal to (linker length + oligo length)/10bp). To estimate the nucleosome/bare value that corresponds to 100% nucleosome occupancy, we considered an idealized case where well positioned 146 bp nucleosomes are all separated by 60 bp of linker DNA (thought to be typical of mammalian interphase cells). In this case, for each 206 bp, 96 BP would give max signal and 110 bp would give zero. With a dataset normalized to a median value of 1.0, the signal for an oligo covered by a well-positioned nucleosome would be 1.0*206/96, or ~2.1. Satisfyingly, we find that the highest nucleosomal peaks tend to be very close to this value. Accordingly, we estimate that locations with nucleosome/bare values of ~2.1 indicate 100% nucleosome occupancy, while values of ~1 indicate 50% occupancy, etc. 

We noted that the shapes of the nucleosome peaks were almost always rounded. This is in contrast to yeast nucleosome positioning studies [4,5,6,7,8], where nucleosome peaks mapped by tiling microarray or next generation sequencing frequently appeared as plateaus separated by sharp canyons, indicating the presence of precisely positioned nucleosomes. The exponential smoothing function we used would be expected to smooth sharp edges locally (~+/10 or 20 bp), but does not fundamentally alter peak shape (as can be seen, e.g., in Supplemental Fig. S2D). It is also possible that nucleosomal fragments which only overlap a tiled oligo by ~40 bp could give partial signal, resulting in a blurred nucleosomal edge. Neither of these effects, however, could convert the ~146-bp signal plateau that would arise from a perfectly and invariantly positioned nucleosome into a gradually rounded peak. Instead, since similarly rounded peaks predominate in other studies of human nucleosome positions (using both microarrays [2] and direct sequencing [9]), we are inclined to think that the rounded peaks we observe indicate a certain looseness in nucleosome positioning in human cells – such that regions of strong nucleosome occupancy are characterized by several overlapping positions clustered around a central most-favored position. Some possibilities for why human chromatin displays this apparent sloppiness while yeast chromatin does not might include longer average linker regions or the presence, on most human nucleosomes, of linker histone H1.
 Statistical Analyses
Error in quantile normalized nucleosome/bare ratios was estimated by measuring the absolute difference between values for repeat samples under identical conditions (no dex #1 & #2 and dex 1hr #1 & #2), averaged across all oligos on the arrays. For the non-smoothed data, this value was 0.281, which corresponds to a standard deviation of 0.198. Removal of high frequency noise using deviation weighted exponential smoothing reduced the standard deviation to 0.140. On the array, a perfectly positioned nucleosome will give full signal over ~9 oligos (nine 50mer oligos, spaced by 10 bp, spanning 146 bp). Accordingly, for a change in a single nucleosome’s position or occupancy to be significant, the difference in average nucleosome/bare signal for all 9 oligos should give a t statistic sufficient to reach p<.05, where t = (mean1-mean2)/sqrt(2*0.1402/9). In cases where multiple tests were performed, the required t-statistic was adjusted using the conservative Bonferroni method (look-up_p_value = target_p_value/#_of_tests). Considering all nucleosome positions across all promoters from -2kb to +1kb (~7200 total tests), a difference in means of 0.43 was estimated to be significant at p<.05. This was consistent with manual analysis of a subset of the data (testing whether nucleosome peaks showing mean differences between dex 1hr and nodex of >= 0.43 from experiment#1 displayed the same direction of effect in experiment#2, e.g. Fig. 2E). This same general approach was used to determine the significance of changes in larger areas (adjusting n, or number of oligos, and number of tests accordingly). This showed, for instance, that treatment with dex for 1 hr results in a significant rise in nucleosome occupancy from +1kb to -1kb surrounding the HSD11B2 TSS (p < .0001, considering all 400 2kb regions tiled on the array as repeated assays in the t-Test). 

Increased nucleosome occupancy over promoters does not result from any systematic bias in the datasets. 
We performed several tests to ensure that the increased nucleosome occupancy seen surrounding transcription start sties in UL3 cells +Dex 1hr, HL60 cells +DMSO and T-cells upon activation was not due to artifacts of sample preparation or data analysis. First, one recent study [8] showed that direct sequence mapping data for yeast nucleosome positions could be distorted if MNase digestion yielded less than 40% mononucleosomes (as compared to MNase digestion yielding mostly or completely mononucleosomes). To confirm that this was not an issue in our study, we quantitated lanes from our preparative gels used to isolate MNase products (Fig. S1). These results showed that effects of differential MNase digestion were unlikely to alter mapping results, since our mononucleosome percentages were high and relatively constant (between 63 and 73%). 
Next, we reasoned that it could be possible for an artifact of sample preparation or array hybridization to give, for instance, a systematic, artificially high signal at regions of low nucleosome occupancy in one sample but not another. Since it is well established that Pol II TSSes, on average, have low nucleosome occupancy [2,4,5,6,8,9,10], this would result in an apparent increase in promoter nucleosome occupancy in samples suffering from this artifact. While it was unlikely that this type of effect would occur in repeated Dex 1hr samples and not in repeated Nodex samples, we nonetheless, wanted to further rule this out. To do so, we plotted the “treatment response” (measured occupancy with treatment minus occupancy without) versus no-treatment occupancy values, for sites near TSSes versus sites far from TSSes. The results, described in detail in Fig. S3 A & C, indicate that increased occupancy with treatment (+Dex 1hr for UL3 cells, and +DMSO for HL60 cells) occurs only near TSSes, and at all values of no-treatment occupancy. Furthermore, while TSS-proximal regions show a distinct shift in the frequency of nucleosome/bare values with treatment (from a low average curve –Dex or –DMSO (blue lines in Fig. S3 B & D) to high  values +Dex 1hr or +DMSO (yellow lines), there was no change in the frequency curves with treatment at TSS-distal regions (green & red lines). For both of these measures, similar results were seen for quantile normalized data (Fig. S3) and median normalized data (not shown). 
Schones et al. stated that they used MNase-digested nucleosomal fragments that were ~80% mononucleosomal for their direct sequencing studies, but did not provide further information about individual samples [9]. To test whether variation in MNase digestion or other aspects of their sample preparation might have contributed to the observed increase in TSS-proximal nucleosome occupancy with T-cell activation, we tested whether subsets of their data (the first three and last three sample lanes, out of ~50 for each condition) produced the same effect. As shown in Fig. S19 B-D, while there was some variability between sample subsets, both early and late subsets showed low TSS-proximal nucleosome occupancy in resting cells and high occupancy in activated cells, at promoters upregulated (B), downregulated (C) or non-regulated (D) by activation, indicating that this effect is not caused by sample preparation artifacts. Next, similar to our microarray analysis, we mapped “treatment effect” versus nucleosome occupancy at TSS-proximal versus TSS-distal locations. We found that strongly-increased nucleosome occupancy with activation was only seen at TSS-proximal locations (Fig. S19 A). Note that the reduction of this effect at nucleosome occupancy values greater than 1.5-fold average, representing less than 25% of all values, is likely to be due to the stochastic nature of direct sequencing (see legend for further discussion).  In summary, for both our microarray analysis and the Schones et al. sequencing data, we find no evidence to suggest that systematic biases in the data from different samples can explain the observed increase of nucleosome density around TSSes with treatment.
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