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Supplementary Figure 5 Nucleosome occupancies at promoters with H3K4me3 and
H3K27me3 histone modifications in ESCs. (a) Promoters marked by H3K4me3 (black),
H3K27me3 (blue), and bivalent promoters carrying both of these modifications (red) in each of
the three studied cell types. (b) Promoters indicated as bivalent in ESCs, which remain bivalent
in NPCs (top panel), resolve to H3K4me3 only in NPCs (middle panel), or transform into
H3K27me3 only (bottom panel).
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Supplementary Table 1

Comparison of gene expression levels of CTCF and linker histone variants H1.0 and H1.7
in ESCs, NPCs and MEFs.

Normalized RNA expression levels

CTCF/H4 H1.0/H4 H1.7/H4

CTCF H1.0 H1.7 H4 (ESC = 1) (ESC=1) (ESC =1)
ESCc | 0.069 0.028 0.0025 11.2 1 1 1
NPC | 0.039 0.072 0.0027 1.43 4.5 20 8.6
MEF | 0.015 0.057 0.0014 3.29 0.73 6.9 1.9

Normalized expression levels of a given protein were obtained by averaging the normalized

expression levels of all transcripts corresponding to this protein as obtained from the DEseq

analysis using the Eldorado gene annotation integrated in Genomatix.




Supplementary Table 2

Correlation of nucleosome occupancy at the transcription start site [-500,+500] versus
log.(gene expression)

Cell type | Promoter Corr. coeff # Transcripts
ESC all -0.124 78720

MEF all -0.069 62467

NPC all -0.113 75803

ESC HCG -0.020 31300

MEF HCG -0.028 28650

ESC LCG -0.224 3813

MEF LCG -0.130 2038

The transcription start site region evaluated in terms of nucleosome occupancy comprised the
[-500,+500] region around the TSS. All correlation coefficients were highly significant with p-

values <107°.



Supplementary Table 3

Correlation of log,(MEF occupancy/ESC occupancy) at the transcription start site versus
log>(MEF expression/ESC expression)

Promoter Corr. coeff. # Transcripts p-value

all 0.0487 58950 <10
HCG 0.0500 27681 0.017
LCG 0.0270 2503 0.1791
bivalent ESC 0.0205 3783 <10
H3K4me3 ESC 0.0005 18744 <107
H3K27me3 ESC -0.3052 104 0.085

The transcription start site region was evaluated in terms of nucleosome occupancy in the
region [-500,+500] around the TSS.



Supplementary Table 4

Correlation of nucleosome occupancy changes between ESCs and MEFs at TSSs that
become silenced in MEFs or ESCs

Active transcription in ESCs and silencing in MEFs

% increased % decreased # transcripts
Promoter occupancy in MEFs | occupancy in MEFs total
all 100.00 100.00 16836
HCG 18.99 13.18 2857
LCG 10.82 11.90 1885
bivalent ESC 0.30 0.05 36
H3K4me3 ESC 0.13 0.19 25
H3K27me3 ESC 0.01 0.02 2

Active transcription in MEFs and silencing in ESCs

% increased % decreased # transcripts
Promoter occupancy in ESCs | occupancy in ESCs total
all 100.00 100.00 1188
HCG 22.02 27.00 302
LCG 7.69 10.23 112
bivalent ESC 19.36 30.46 320
H3K4me3 ESC 4.77 8.63 88
H3K27me3 ESC 4.24 0.49 20

Since the global analysis shown in Table 3 did not include transcripts that were not detected
either in ESCs or MEFs (corresponding to a log,(MEF expression/ESC expression) ratio of
infinity), these two groups were analyzed separately. Transcripts with non-zero RNA-seq counts
in ESCs and with zero reads detected in MEFs or (or vice versa) were identified. For these
transcripts the change in nucleosome occupancy at the TSS in the region [-500,+500] was
evaluated as given by log>(MEF nucleosome occupancy/ESC nucleosome occupancy). The
number of transcripts that showed an increased or decreased occupancy for all transcripts
evaluated was set to 100% to obtain the relative fraction of the different promoter subgroups
that were silenced, and either displayed an increased or decreased nucleosome occupancy.



Supplementary Note

Nucleosome positions were mapped by genome-wide sequencing of nucleosomal DNA from
mouse ESCs, NPCs and MEFs after digesting the linker DNA between nucleosomes with
micrococcal nuclease (MNase) as described in Methods. Our determination of the nucleosome
occupancy did not involve peak calling or averaging but was based on simply counting the
number of times a given base pair was covered by a sequencing read (Supplementary Fig. 1b).
Furthermore, no assumptions on the length of the nucleosomal DNA had to be made to derive
the nucleosome occupancy, since nucleosome boundaries were determined on both sides of
the nucleosome by paired-end sequencing. Thus, our analysis evaluated the raw data in a
straightforward manner. From a comparison of three independent biological replicates we
conclude that the error of the nucleosome occupancy value varied between 10 and 50 % for
individual nucleosomes as shown for a representative region in Supplementary Fig. 1c.

The MNase digestion conditions were selected to avoid overdigestion as reflected by the
presence of subnucleosomal particles (< 145 bp DNA) that form at high degrees of MNase
digestion. Nucleosome occupancies at the TSS varied slightly for fragment sizes of 150 bp,
155 bp, 160 bp and 180 bp or dinucleosomes (340 bp fragment, Supplementary Fig. 1d). For
the 180 bp mononucleosome and the 340 bp dinucleosome samples more reads were needed
to get similar accuracies of nucleosome positions, since less fragments mapped to the border of
the nucleosome. Accordingly, we included only the 150 bp, 155 bp and 160 bp samples in our
final analysis.

With respect to the standard errors associated with our measurement, three types of data sets
need to be distinguished in terms of the accuracy at which we were able to determine them:
(i) The averaged nucleosome occupancy profiles like those shown in Fig. 2 - 6 have only a very
small error as shown for the nucleosome occupancy at binding sites for transcription factors.
These originate from averaging hundreds or thousands of normalized nucleosome occupancy
profiles as shown for three exemplary transcription-factor binding sites in Supplementary
Fig. 1e. (ii) For an individual locus the occupancy at a given base pair position had an error of
10-50% as mentioned above (Supplementary Fig. 1d). However, this type of analysis was not
applied here in a quantitative manner and the conclusions of our study are based on the
analysis of averaged profiles. (iii) The accuracy at which we can determine the position of
individual nucleosome, i.e. the location of a given occupancy peak along the x-axis, is
estimated to be +20 base pairs as inferred from a comparison of three different independent

replicate experiments (Supplementary Fig. 1c).
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