Supplementary Note S1

Many of the interactions in the network in Figure 3 (main text) are supported by
published experimental evidence. Here we discuss the experimental evidence for these
interactions in more detail. The discussion for the H3K27me3-related edges is given in
the main text.

H3K36me3 is positively associated to WHSC1, suggesting that WHSC1 either
binds or catalyzes H3K36me3. Biochemical evidence suggests that WHSC1 methylates
H3K36 (1, 2), supporting the detected positive association. The positive associations
between Pol II and H3K36me3, H3K79me2 and H4K20mel indicate that Pol II is
involved in either binding or catalyzing these HMs. Indeed, Pol II associates with SETD2,
which sets H3K36me3 (3), DOT1L, which sets H3K79me2 (4) and SETDS8, which sets
H4K20me1l (5). Although, these interactions of the HMs to Pol II are not direct because
they involve additional proteins, here they are identified as direct due to the lack of
ChIP-Seq data accounting for SETD2, DO1L and SETD8 in the present data set.

Apart from CBX2 and CBX8, which directly bind H3K27me3, we uncover one
additional example where biochemical experiments show that a CM binds directly to an
HM, namely CBX3 and H3K9me3 (6, 7), which is supported by a positive interaction in
our network. Another example of such a direct interaction is the negative link between
WHSC1 and H3K9me3, which is supported by the observation that WHSC1 binding is
inhibited by the presence of H3K9me3 (8). The negative interaction between SETDB1
and H3K4mel suggests that SETDB1 either drives the steady state equilibrium away
from H3K4mel, or that its chromatin association is inhibited by the presence of
H3K4mel. SETDB1 is a histone methyltransferase for H3K9 (9), rendering an
interference with the steady state levels of H3K4me1 unlikely. Moreover, it has been
shown that SETDB1 binding is inhibited by H3K4me3 (10), which may also be the case
for H3K4me1l. Consistently, H3K4mel is often found at open chromatin regions, e.g.
enhancers (11), whereas SETDB1 is associated with heterochromatin (9).

The positive association between WHSC1 and H3K4mel suggests that WHSC1
may be involved in increasing the steady state levels of H3K4mel, or that H3K4mel
promotes the binding of WHSC1 to chromatin. WHSC1 harbors a SET-domain capable of
methylating H4K20 (12) and H3K36 (1, 2), indicating that WHSC1 is unlikely to be
involved in the metabolism of H3K4mel. Apart from the SET-domain, WHSC1 also
contains a PHD5-C5HCH domain that has been shown to bind to unmodified H3K4 (8).
The positive association between WHSC1 and H3K4me1l may indicate direct binding.
Alternatively, WHSC1 could independently of its ability to bind to unmethylated H3K4
be part of a complex that is associated to H3K4me1. In line, WHSC1 interacts with the
NuRD and the SIN3A complex and this interaction depends on the N-terminal tail of
WHSC1 (12). There is one example, where a CM has been shown to remove an HM, i.e.
KDM1A and H3K4mel (13, 14). However, the uncovered relationship in our network is
positive and thus may indicate the presence of KDM1A at H3K4me1l bearing loci. This
could reflect that KDM1A cannot exert its demethylase activity or that it is involved in a
constant turnover of H3K4mel, similar to the case of KDM5B and H3K4me3 (see
below). The demethylase activity of KDM1A is increased by the presence of H3K9ac



(15), suggesting that the lack of H3K9ac at loci with high H3K4mel may shift the
equilibrium towards H3K4me1.

KDM5B is negatively associated to H3K36me3, suggesting that KDM5B either lowers the
levels of H3K36me3, or that its chromatin association is reduced in the presence of
H3K36me3. KDM5B is a H3K4me3-specific demethylase (16, 17) and modulates
H3K4me3-levels at the TSS in murine embryonic stem cells (mESCs; (18). Furthermore,
KDM5B has been proposed to associate with H3K36me3 in the gene body via MORF4L1
to restrict H3K4me3 to the promoter in mESCs (19), suggesting that H3K36me3
promotes rather than inhibits binding of KDM5B. However, it has been shown that the
KDM5B antibody used enriches intragenic regions even in KDM5B knockout ESCs,
arguing that the gene body enrichment by this antibody is not specific for KDM5B (18).
Experimental data does not provide any mechanistic explanation for the negative
interaction between KDM5B and H3K36me3. However, our analysis suggests that this
interaction is not mediated by targets of KDM5B H3K4me1/2/3, because we recover the
link even after accounting for H3K4me1/2/3 in the partial correlation framework.
Based on this line of reasoning KDM5B may be involved in demethylating H3K36me3 or
its chromatin association is inhibited by the presence of H3K36me3.



Supplementary Figure S1: Reproducibility of ChiP-seq data

The barplot shows the coefficient of determination (R2) of the HM levels at promoters
between biological replicates.
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Supplementary Figure S2: Pairwise correlations

The heatmap shows the raw pairwise correlation matrix. Each entry gives the color
coded Pearson correlation coefficient between two variables as indicated in the color
key. The data is reordered to show groups of HMs and CMs with similar correlation
profiles. The entries corresponding to self-correlation have been removed.
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Supplementary Figure S3: Chromatin-signaling networks

A graphical representation of the interactions between CMs (circles) and HMs (squares)
detected in (A) the Elastic Net and (B) the SPCN. The arrows on the links in (A) only
represent the design of the linear model and should not be interpreted as causal
relationships. Red lines indicate positive, blue lines negative interactions.

A

/@D\A

o Gy
Grec) < \
@A X/ S LS
V .y, el LG ST
A\ . e’
v > <
X =\ NS =
‘\V"V‘\ '7@

R\ P, v

AN

H3K9me3 J:

CREBBP



Supplementary Figure S4: The regression coefficients of the
CMs used to predict the HM levels

In each boxplot, the regression coefficients of the CMs used to predict an HM by Elastic
Net in 10-fold cross-validation are depicted. For each CM, the boxes indicate the upper
and lower quartile, the bold line indicates the median, and the upper and lower
whiskers indicate the minimum and maximum of all CV-coefficients. The dashed line
corresponds to the average of all coefficients and the two dash-dot lines correspond to *

one standard deviation of all coefficients.
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Supplementary Figure S5: Pairwise partial correlations

The heatmap shows the partial correlation matrix where each entry gives the
correlation between two variables controlled for all other variables. The entries
corresponding to self-correlation have been removed. The boxes indicate manually
derived groups of correlated variables.
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Supplementary Table S1: Known interactions between
histone residues and chromatin modifiers

The table lists examples of CMs in the data set that are known to interact positively or
negatively with the methylation or acetylation status of the listed residues.

Residue CM Ref.
H3K4 KDM1A (13, 14)
H3K4 KDM5A (20)
H3K4 KDM5B (17)
H3K4 KDM5C (21),
H3K4 CHD1 (22, 23)
H3K4 PHF8 (24-27)
H3K4 RBBP5 (28)
H3K9 SETDB1 (9)
H3K9 CBX3 (6,7)
H3K9 PHF8 (29)
H3K27 SUZ12 (30, 31)
H3K27 EZH2 (32-35)
H3K27 CBX2 (34)
H3K27 CBX8 (34)

H3K27 PHF8 (29)




Supplementary Table S2: Summary of evidence for each

association in the networks

Each interaction can be positive (1) or negative (-1) in each network (column “EN” and
“SPCN”). The literature evidence (column “reference”) can be indirect via maximal one
other protein for which ChIP-Seq data was not available.

HM CM EN SPCN  Reference Comment

H2A.Z PHF8 1 1

H3K27ac CHD1 1 1

H3K27me3 CBX2 1 1 (34) CBX2 binds to H3K27me3

H3K27me3 EZH2 1 1 (32-35) EZH2 catalyzes H3K27me3

H3K27me3 RNAPIIS5P -1 -1 (41) High levels of RNAPIIS5P indicate
elongation, which is repressed by
H3K27me3

H3K36me3 RNAPIIS5P 1 1 3) Pol II carries SETD2 which methylates
H3K36

H3K4mel CHD1 -1 -1

H3K4mel SETDB1 -1 -1 (10) SETDB1 binds less well to H3K4me1l
substrates

H3K79me2 CHD1 1 1

H3K79me2 RNAPIIS5P 1 1 4) Pol II carries DOT1L which
methylates H3K79

H3K9ac CHD1 1 1

H3K9mel CREBBP 1 1

H3K9me3 CBX3 1 1 (6,7) CBX3 binds to H3K9me3

H3K9me3 KDM5B -1 -1

H4K20mel CBX2 1 1 This study

H4K20mel EZH2 1 1 This study

H4K20mel Pol2b 1 1 (5) Pol II carries SETD8 which methylates
H4K20
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