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Supplementary Figure 1: Chromatin State Model Parameters (Left) The emission parameters of the
chromatin state model. Each row corresponds to a state. Each column of one of the input tracks of the
chromatin state model. Each value in the matrix corresponds to the probability the mark is considered
present in the state multiplied by 100. (Right) The transition parameters of the chromatin state model.
An entry in the matrix corresponds to the probability of transitioning to the state of the column when in
the state of the row multiplied by 100.
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Supplementary Figure 2: Genome Coverage of States and Promoter Region Enrichments (Left) The

percentage of the genome assigned to each chromatin state in each cell type. (Right) The fold enrich-
ment for each state overlapping regions of the genome within 2000 base pairs of the 5’ end of an anno-

tated transcript of GENCODE protein coding gene, where the base percent of the genome is 2.48%. From

this figure one can see for instance that State 1 has a much stronger preference to annotated promoter
regions than state 5 despite both sharing DNase hypersensitivity, FAIRE, and a number of active histone

modifications.
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Supplementary Figure 3: K-means cluster averages. The table displays for each cluster
from Figure 1, the average row normalized enrichment value for each state.
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Supplementary Figure 4: Protein-Protein Interaction Enrichments. The figure shows the enrichment for protein-
protein interactions falling into the same cluster as a function of the number of clusters. Enrichments are computed
two ways. One way assumes a regulator can randomly receive any specific cluster assignment and a second way
which first conditions on the size of the clusters (see Methods).
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Supplementary Figure 5: Matched Cell Type Chromatin Enrichments.The figure shows the enrich-
ment for each individual experiment with matched chromatin data. The experiments are organized based
on the cluster assignment of its corresponding regulator in Figure 1. The cell type, regulator, and experi-
ment are displayed in the last three columns. At the bottom are displayed the individual POL2RA and
CTCF enrichments not used in the clustering.
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Supplementary Figure 6: Comparison of Streak Coherence. (a) The plots show the fraction of regulator-cell type pairs that
fall in a streak of the specified streak length or greater of a common cell type based on the traveling salesman problem formu-

lation in the main text, hierarchical clustering followed by optimal leaf ordering (Bar-Joseph et al, 2001), and a million random
orderings. (b) The same as in (a) but for regulators. (c) and (d) The same as (a) and (b) but based on individual experiments. All
GM cell lines were considered one cell type in this evaluation. (e) The same as (d) but first excluding CTCF and POL2RA experi-
ments. (f) The same as (e) but only counting once consecutively ordered experiments on the same regulator and cell type.
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Supplementary Figure 7: Dynamics of regula-
tor enrichment in different chromatin states
across cell types. Each row corresponds to one
regulator binding experiment in a given cell
type.Each column corresponds to a state-cell
type combination.The columns are organized
first by state and then by cell type in the order:
Gm12878,H1hesc, Hela-S3, HepG2, HUVEC, and
then K562.The experiments have been
automatically ordered computationally using a
traveling salesman problem instance solver,and
reveal both regulator and cell type groups.The
fold enrichments have been row normalized
scaled to the maximum enrichment in the row. a.
In the first six columns of each group, yellow
indicates higher enrichment values and blue
lower enrichment values. b. The seventh column
of each group (red-green color scale) indicates a
greater enrichment for the state occurring at the
same location in the genome in two or more cell
types.The next to last column indicates the cell
type of the experiment color-coded with all GM
cell types colored the same and all other
non-tier 1 and 2 cell types colored white.The last
column indicates the regulators of the experi-
ments.



Supplementary Figure 8: Percentage of
Bound Locations in Each State. The heatmap
indicates for each experiment, chromatin state,
and cell type the percentage of bound bases in
the experiment that fell in that chromatin state in
that cell type. The same ordering as in

I Supplementary Figure 7 is shown.
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Suppplementary Figure 9: Raw Regulator Binding Enrichment Heat Map. The equivalent figure of Supplementary Figure 7
except the heat map is colored based on the raw enrichment levels using the indicated color scale. Also identifying information
on the individual experiments is provided on the far right column.
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equivalent figure as Supplementary Figure 7 except the heat map is colored after
subtracting from each fold enrichment value the column median enrichment value using the indicated color scale.

20



[

L
I T O )

I —— TN T T N T I O W N T T e T N I TN N N ——
R S D NS WSS BC] DL CESN 0 DT BN S D N T S U C T B I N ——
/OB I O Y BT WONT I DND DI [ CE DN D Y T[T ", T S N 5 S s— —
o e e e e e e

_:I{II_'_"EI':.I:

i

Supplementary Figure 11: Regulator Binding Enrichment Heat Map Ordered Based on Cell Type. The
equivalent figure as Supplementary Figure 7, except the rows ordered based on cell type. The various GM
lines are grouped together. The ordering of cell types is the same ordering used for the columns, with all
experiments not corresponding to one of those cell types ordered last. For experiments in the same cell type
they were ordered consistent with their order in Supplementary Figure 7.
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Supplementary Figure 12: Regulator Binding Enrichment Heat Map Ordered Based on Regulator. The equivalent figure as
Supplementary Figure 7 from the main text, except the rows are ordered based on the regulator. The regulators are ordered

based on their first appearance in the ordering of Supplementary Figure 7. Experiments for the same regulator are ordered based

on cell type using the same cell type ordering as the columns treating the various GM lines the same,

and then placing experiments

on all other cell types last and lexicographically ordered. Experiments on the same regulator and cell type were ordered

consistently with Supplementary Figure 7.
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Supplementary Figure 13: Motif Table. The first cqumn glves the motif name. The second column gives the transcription factors associated
with the motif. The third column displays the motif logo. The fourth column shows the cell type and state combinations for which there was a
significant enrichment of the motif, and at least one of the factors associated with the motif was profiled in that cell type. The last column
indicates the cell type and state combinations for which there was at least one factor profiled for which there was a significant relative enrich-
ment for motifs in the peaks in at least one experiment.
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Supplementary Figure 14: Distribution of Transcription Factor Binding Enrichments in each Chromatin State. For the 79

transcription factors with a sequence motif considered in Figure 3, the chart shows the distribution of their median fold enrich-
ments in each chromatin state.
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Supplementary Figure 15: Motif enrichments variation across chromatin states. a. Aggregate regulatory motif enrichments in each chro-
matin state mirror overall density of TF binding. b. Aggregate motif enrichments in TF binding peak calls lying within each chromatin state
relative to the baseline motif enrichment in peak calls. Enriched bars are of states in which peaks are most likely to contain motif bases, while
depleted bars are for chromatin states in which peaks are least likely to contain motif bases, suggesting non-specific binding in permissive
chromatin states. Motifs for CTCF were excluded from this analysis.
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Supplementary Figure 16: Regulatory motif enrichments in each cluster match chromatin state
preferences. Each entry indicates the average enrichment in each chromatin state (column) for the
known regulatory motifs and cell types of corresponding regulators in a given cluster (row).
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Supplementary Figure 17: HOT Region State Enrichments. The table gives the fold enrichment
for HOT regions from (Yip et al, 2012) in each chromatin state.
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Supplementary Figure 18: Differential Motif Usage within HOT Regions Based on Chromatin State. The chart shows the number of
regulators for which the peaks in HOT regions were significantly more likely if they were in States 1_Tss, 5_Enh, and 25_Art or if they were
in one of the other 22 states at a p<0.01. If there were multiple experiments for the same regulator, they were weighted inversely propor-

tional to the number of experiments.
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Supplementary Figure 19: Dynamic Binding Enrichments Individual Regulators. The table reports for each regulator and each cell type the fold enrich-
ment for each chromatin state for bases of shared binding with at least one other cell type, uniquely bound bases, and excluded binding comprising bases
only bound in other cell types. The last column reports the percentage of such bases. Only regulators mapped in two or more cell types were considered.
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Supplementary Figure 20: Dynamic Binding Enrichments Summary. Each group of three
columns corresponds to one cell type and the three columns within each group correspond
respectively to bases of shared binding with at least one other cell type, uniquely bound bases,
and excluded binding comprising bases only bound in other cell types. The values in each cell
correspond to the median fold enrichment. Only regulators mapped in at least one other cell

type from the given cell type were considered and the number of such regulators is specified in
the parentheses next to the cell type.
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Supplementary Figure 21: Additional Pairwise Regulatory Binding Enrichments. Pairwise enrichments of regulatory binding both (Left)
directly and (Right) conditioned on the chromatin state preferences of each factor in the pair as in Figure 5 of the main text, but shown here for
(@) GM12878, (b) H1hesc, (c) HeLa-S3, and (d) Huvec. The cluster assignments correspond to main figure 1.
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Supplementary Figure 22: Pairwise Regulatory Binding Experiments Enrichments. Pairwise enrichments of
regulatory binding at the individual experiment level both (Left) directly and (Right) conditioned on the chro-
matin state preferences of each factor in the pair for (a) K562, (b) GM12878, (c) H1hesc, (d) HeLa-S3, (e) HepG2,
and (f) Huvec. The color scale for the raw enrichments on left go to 500 while the conditional enrichments on
right only go to 50. Next to the regulator name is a cluster assignment based on a 10-state clustering of experi-
ment chromatin state enrichments (not shown) and the experiment ID from Supplementary Figure 8.
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Supplementary Figure 23: Chromatin States Explain Pairwise Regulator Enrichments beyond DNase. The figure
illustrates that chromatin states can explain pairwise enrichments of regulators beyond what is captured based on open
chromatin as defined by being in a DNase hypersensitive peak from the University of Washington experiments
(Thurman et al, 2012). For each cell type the pairwise regulator enrichment conditioning on being in a (left) DNase site
and (right) additionally conditioning on the chromatin state information are shown for (a) Gm12878, (b) K562, (c)
H1hesc, (d) HelLa-S3, (e) HepG2 and (f) Huvec.
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Supplementary Figure 24: lllustration of Traveling Salesman Problem formulation to Ordering Rows of
Enrichment Matrix. (Top) An unordered input matrix. (Center) A graph showing distances between each row or
equivalently a mapped city. A dummy city has been added with zero distance to all other cities. This graph can be
given to a traveling salesman problem solver to provide an optimal ordering of cities or equivalently rows.
(Bottom) The result matrix now optimally ordered.



