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Epigenetic mechanisms, such as DNA methylation, regulate tran-
scriptional programs to afford the genome flexibility in responding
to developmental and environmental cues in health and disease. A
prime example involving epigenetic dysfunction is the postnatal
neurodevelopmental disorder Rett syndrome (RTT), which is caused
by mutations in the gene encoding methyl-CpG binding protein 2
(MeCP2). Despite decades of research, it remains unclear how MeCP2
regulates transcription or why RTT features appear 6-18 months
after birth. Here we report integrated analyses of genomic binding
of MeCP2, gene-expression data, and patterns of DNA methylation.
In addition to the expected high-affinity binding to methylated cy-
tosine in the CG context (mCG), we find a distinct epigenetic pattern
of substantial MeCP2 binding to methylated cytosine in the non-CG
context (mCH, where H = A, C, or T) in the adult brain. Unexpectedly,
we discovered that genes that acquire elevated mCH after birth
become preferentially misregulated in mouse models of MeCP2 dis-
orders, suggesting that MeCP2 binding at mCH loci is key for regu-
lating neuronal gene expression in vivo. This pattern is unique to the
maturing and adult nervous system, as it requires the increase in
mCH after birth to guide differential MeCP2 binding among mCG,
mCH, and nonmethylated DNA elements. Notably, MeCP2 binds mCH
with higher affinity than nonmethylated identical DNA sequences to
influence the level of Bdnf, a gene implicated in the pathophysiology
of RTT. This study thus provides insight into the molecular mecha-
nism governing MeCP2 targeting and sheds light on the delayed
onset of RTT symptoms.
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ett syndrome (RTT) is a debilitating postnatal neurological

disorder characterized by an initial period of normal de-
velopment followed by progressive neurological dysfunction and
developmental regression. Although initially doubted to be a genetic
disorder, we now know that loss of function of methyl-CpG binding
protein 2 (MeCP2) is the root cause of RTT (1, 2).

Mouse models representing either a loss (3) or a gain of MeCP2
function (4) have proved invaluable toward the understanding of
MeCP2-related disorders and revealed numerous transcriptional
changes, establishing MeCP2 as an epigenetic regulator of tran-
scription (5). The molecular details of MeCP2 transcriptional reg-
ulation have proven to be more complex than initially assumed, and
little is known about how the broad binding pattern of MeCP2
regulates transcription or how the subsequent transcriptional
changes contribute to the pathogenesis of RTT. The fact that
doubling or tripling the levels of MeCP2 results in progressive
neurological syndromes with increasing severity (MECP2 dupli-
cation and triplication syndromes, respectively) (6, 7) also raises
questions about the binding patterns of MeCP2 and their func-
tional consequences. Early studies found that MeCP2 interacts
specifically with methylated cytosine in the CG context (mCG)
(8-10). Recent in vivo studies in the adult mouse brain confirm
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the preference of MeCP2 for mCG over nonmethylated CG,
although MeCP2 clearly binds widely across the entire genome
(11). Other studies have observed that MeCP2 binds to nonspecific
DNA elements via its A/T hooks and basic and disordered protein
domains, as well as to mCH, although the functional relevance of
these interactions has not been explored (12-16). Given that MeCP2
levels rise in mammalian neurons for some time after birth (11, 17)
and approach those of the histone-octamer in the adult mouse brain
(11), its differential binding to other DNA elements besides mCG is
expected but has not yet been defined experimentally at high reso-
lution. Moreover, the functional relevance of MeCP2 binding to
non-CG methylated DNA has not been addressed.

Here we use a transgenic mouse line that expresses a fully
functional EGFP-tagged MeCP2 that is the sole MeCP2 protein
source when put on a MeCP2-null background (18). Using this
model we overcome challenges of conventional MeCP2 ChIP to
report a high-resolution genomic binding profile for MeCP2 in
the hypothalamus of adult mice. We also performed mRNA
deep-sequencing and analyzed hypothalamic gene-expression
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which methyl-CpG binding protein 2 (MeCP2) regulates tran-
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regulate expression of genes altered in mouse models of MeCP2
disorders. These data and the parallel timing of mCH and MeCP2
postnatal accumulation suggest MeCP2 binds mCH as neurons
mature to regulate gene expression, offering an explanation for
the delayed onset of Rett.
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Fig. 1. Characterization of a functional MECP2-EGFP transgenic mouse line
that allows for highly efficient and specific ChIP. (A and B) MeCP2-EGFP
rescued brain weight and disease symptoms of Mecp2 knockout mouse. Each
bar represents SEM; n = 20-25 per genotype; *P < 0.01; n.s., not significant
by paired, one-tailed Student’s t test. Symptom scoring was performed as
described previously (29, 30). (C) MeCP2-EGFP rescued early lethality of
Mecp2 knockout mouse. P < 0.0001 by Log-rank test. (D) MeCP2-EGFP binds
to previously characterized DNA elements (13). In ChIP-PCR experiments,
anti-GFP antibody displayed high efficiency (~13% ChlIP/Input for mouse
major satellite DNA) and specificity (more than 50-fold enrichment over ChIP
using control IgG antibody for mouse major satellite DNA and a promoter
region of Sst). Each bar represents SEM; n = 3-4; *P < 0.05 by paired, one-tailed
Student’s t test when comparing ChIP with GFP and control IgG antibodies.

data from wild-type versus mouse models of RTT (3) and
MeCP2 duplication syndrome (4, 5). Combining the MeCP2
binding data and the gene-expression data with reported genome-
wide methylation patterns (19), we find MeCP2 preferentially
binds to loci with marked mCH in adult mouse brain, and that this
association between mCH and MeCP2 binding is particularly ev-
ident in genes with reciprocally misregulated expression in disease
models of MeCP2 duplication and RTT. These data suggest that
MeCP2 regulates gene expression via mCH, indicating the func-
tional relevance for this interaction. Furthermore, the timing of
regulation, demonstrated here for disease-relevant gene brain-
derived neurotropic factor (Bdnf), provides a hypothesis for
why RTT patients display delayed onset of symptoms.

Results

ChIP Using EGFP-Tagged MeCP2 Reveals High-Resolution Chromatin
Binding Profiles. To investigate the genomic binding of MeCP2 in
the adult mouse brain, we used a transgenic mouse line that ex-
presses an EGFP-tagged MeCP2 at levels similar to those of the
endogenous protein (18). The transgene is fully functional in vivo
when put on a MeCP2-null background (Mecp2™”; MECP2-EGFP)
and allows us to perform highly efficient and specific ChIP with an
anti-GFP antibody followed by high-throughput sequencing (Fig.
1). In total, we obtained ~230 million reads, achieving much more
comprehensive MeCP2 binding profiles across the entire mouse
genome than was possible in previous studies (11, 16). The profiles
showed genome-wide MeCP2 binding with peaks at regions with
high mCG density, in agreement with previous studies (11, 16)
(Fig. 24): in fact, the two profiles of MeCP2 binding from the
adult mouse brain showed striking similarity at low resolution (r =
0.99) (Fig. 2B) (11). The correlation between our adult mouse
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brain profile and previously reported MeCP2 occupancy in
embryonic stem cells (ES) was lower (r = 0.86) (Fig. 2B).

MeCP2’s genome-wide binding renders conventional peak
calling methods ineffectual, necessitating a different approach to
identifying subtle differences in its binding. We sequenced the in-
put mouse genomic DNA to the same depth as our MeCP2 ChIP-
Seq and directly compared the read differences between them.
This approach allowed us to uncover reliable differential MeCP2
binding patterns. As expected, previously known high-affinity sites
for MeCP2 binding, including the mouse major satellite DNA that
makes up about 3.6% of the mouse genome (20), were enriched in
MeCP2 ChIP-Seq relative to input (Fig. 2C). Importantly, we were
able to discover quantitative differences in MeCP2 binding across
the entire mouse genome, which we further verified by ChIP fol-
lowed by real-time PCR (RT-PCR) (Fig. 2D). These data provide a
high-resolution profile of MeCP2 occupancy in the adult mouse
brain and demonstrate that MeCP2 binds throughout the genome
but with different affinities.

MeCP2 Binds to mCH in the Mature Brain to Regulate Transcription of
Disease Relevant Genes. We next investigated the relationship
between our high-resolution MeCP2 occupancy and DNA meth-
ylation, using a recent DNA methylation map of adult mouse
brain (19). Inspection of representative chromosomal regions
confirmed that MeCP2 occupancy coincides with mCG density,
both globally and locally (Figs. 24 and 34). For a more quanti-
tative test, we calculated MeCP2 binding as a function of mCG
density and found the two directly correlate (r = 0.90) (Fig. 3B),
in agreement with prior studies (11, 16).

We reasoned that there might be binding cues for MeCP2
besides mCG in the mature nervous system when MeCP2 levels
are much higher (11, 17). Indeed, unique peaks of MeCP2 binding
were observed in the adult mouse brain in areas of lower mCG
that correspond to elevated local mCH density (Fig. 34 and Fig.
S1). A recent report demonstrated a conserved, genome-wide
increase of mCH and 5-hydroxymethyl CG (ShmCG) in the face
of relatively unchanging levels of mCG during postnatal brain
development (19). We therefore assessed the relationship between
MeCP2 binding and these two epigenetic marks genome-wide in
the adult mouse brain. We found that MeCP2 binding correlated
with mCH density (r = 0.84) (Fig. 3C). To further probe for dis-
tinct genomic elements of MeCP2 binding in the mCH context, we
then plotted the levels of MeCP2 binding within each annotated
gene body and flanking regions according to a previously de-
scribed method (19). MeCP2 occupancy was greater in gene
bodies with higher mCH levels (Fig. 3D). In contrast, there was no
apparent correlation between MeCP2 binding and hmCG levels
(Fig. 3E) at this resolution. These data suggest that, in addition to
the expected binding to mCG, MeCP2 displays substantial binding
to mCH sites that accumulate after birth and plateau when brain
development is complete (19).

Interestingly, nucleosome occupancy positively correlates with
mCG levels (21), and recent data suggest that mCH is spaced sim-
ilarly to nucleosomes (15, 19). We mapped nucleosome positioning
in adult mouse hypothalamus (Fig. S2) and found that the level of
CH methylation was higher on nucleosomal DNA than flanking
regions (Fig. S34). As expected, MeCP2 binding, which tracks mCG
and mCH at a genomic level (Fig. 3), was higher at nucleosomes in
vivo (Fig. S3B). Our observations are consistent with a report that
MeCP2 preferentially binds to methylated nucleosomes in an in vitro
reconstitution assay (22) and further strengthens the binding prin-
ciples of MeCP2 to methylated cytosine.

DNA methylation has been implicated in the regulation of
gene expression (15, 19, 23, 24). To explore how MeCP2 binding
to methylated DNA is involved in transcriptional regulation, we
performed transcriptional profiling (mMRNA-Seq) in adult MeCP2-
null, MeCP2-overexpressing, and wild-type mouse hypothalami.
We found numerous transcriptional changes caused by MeCP2
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Fig. 2. MeCP2 binds the entire genome with differential affinity in the adult
mouse brain. (A) Browser representation of mCG density and normalized
MeCP2 binding spanning example chromosomal region (Top, representing the
X axis). Shown are mCG density in the adult mouse brain (black), previously
reported MeCP2 binding in ES cells (green), adult mouse brain (blue), and
results from the current study in the adult mouse hypothalamus (red).
(B) Correlation between MeCP2 binding profiles from our high-resolution data
and previous data from the adult mouse brain (Upper) and ES cells (Lower).
Raw reads were binned per 1 Mb across the entire mouse genome. r denotes
Pearson'’s correlation. (C) Enrichment of repetitive DNA elements from three
biological replicates, showing significant increase of mouse major satellite
DNA, but not L1 repetitive element after MeCP2 ChIP-Seq relative to Input
DNA-Seq. Data were normalized and represented as the fold-change relative
to each Input DNA-Seq control. (D) RT-PCR analysis of isolated DNA from ChIP
using primers for two representative high-affinity sites (gray) and two low-
affinity sites (white) in the mouse genome. Mouse major satellite DNA (black)
was used as a positive control for the high-affinity site. Each bar represents
SEM; n = 3 or 4; *P < 0.05 by one-way ANOVA followed by Student’s t test.

loss- (2,174 genes) or gain- (2,768 genes) of-function using negative
binomial model in edgeR with a false-discovery cut-off of 1 x 107,
Of interest is the reproducible finding that many (1,085, Fisher’s
exact test P value < 1 x 107%) genes exhibited inverse mis-
expression between the two mutants (Fig. 4C and Fig. S4A4), with
misregulated genes showing enrichment for neuronal processes (Fig.
S4B and Dataset S1). Additionally, ranking all genes by mRNA
transcript abundance revealed an inverse relationship between DNA
methylation and transcriptional activity (Fig. S5), consistent with
previous observations (15, 19).

Given the broad localization of MeCP2 but the narrower ex-
tent of transcriptional changes in MeCP2 mutants, we next
investigated the relationship between MeCP2 binding, DNA
methylation, and gene-expression changes. Analysis of transcrip-
tional changes in MeCP2-null brain compared with wild-type
revealed that misregulated genes have higher MeCP2 binding and
mCH levels in the gene body than unaffected genes. However, our
data revealed no overall correlation between the misregulated
genes and mCG levels in the adult mouse brain (Fig. 44). More-
over, misregulated genes in MeCP2-overexpressing animals cor-
related with mCH, but not mCG levels in adult mouse brain
(Fig. 4B). Taken together, these data suggest that mCG, although
correlating strongly with MeCP2 binding at a global level (Fig. 3B),
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has little effect in directing the gene-expression changes that result
from MeCP2 duplication or loss of function.

We hypothesized that, in transgenic animals that overexpress
MeCP2 at levels exceeding those of the endogenous protein,
MeCP2 might occupy certain sites with intermediate mCH levels
and thus influence their expression. Indeed, comparing the tran-
scriptional profiles revealed a broader spectrum of gene mis-
regulation in the MeCP2-overexpressing mice (Fig. 4C). Genes
with inverse gene-expression changes in the two MeCP2 mutant
lines displayed the highest mCH levels in their gene bodies. The
subgroup of uniquely misregulated genes found only in transgenic
animals showed intermediate mCH levels (Fig. 4D), which would
be consistent with an increase in MeCP2 levels enabling locali-
zation at lower mCHyaffinity sites to influence transcription as
a gain-of-function.

MeCP2 Binding and Misregulation of mCH-Marked, Disease-Modifying
Gene, Bdnf, Occurs Uniquely in Adult Mice. To determine whether
MeCP2 recognizes mCH with higher affinity than nonmethylated
DNA at otherwise identical genomic sequences over time within the
brain, we analyzed MeCP2 binding at the Bdnf locus, known to be
positively regulated by MeCP2 (5, 25). In line with this, enhancing
the levels of BDNF in mouse models of Rett improves behavioral
phenotypes and survival (25). We performed ChIP-qPCR for the
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Fig. 3. mCH is a distinct determinant of MeCP2 binding in the adult mouse
brain. (A) Browser representation of MeCP2 binding spanning an example
chromosomal region (Top, representing the x axis). Shown are mCG density
in adult mouse brain (black) and MeCP2 binding in ES cells (green), whole
adult mouse brains (blue), and adult mouse hypothalamus (red). Arrowhead
denotes additional MeCP2 binding sites in the whole brain and hypothala-
mus that lack mCG density but coincide with mCH density peaks in the adult
mouse brain (black). (B and C) Whole-genome representation of MeCP2
binding as a function of mCG density and mCH density in the adult mouse
brain. r denotes Spearman’s correlation. (D) Heatmap representation of
MeCP2 binding and mCH levels in the gene body and the flanking 100 kb for
all mouse genes in the adult mouse brain, ranked by MeCP2 occupancy in
the gene body. The graph to the right of each heatmap shows normalized
MeCP2 and mCH profiles divided into levels of MeCP2 occupancy: highest
third (red), intermediate (black), and lowest third (blue). (E) Heatmap rep-
resentation and hmCG profiles for all mouse genes in the adult mouse brain
ranked by the same method and depicted in the same color scheme as in
D. Signal values in heatmap and average plot are normalized so that the
mean signal value in flanking regions of each gene will be the same in D and E.
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Fig. 4. MeCP2 binds mCH to influence transcription in the adult mouse brain.
(A) Heatmap representation of MeCP2 binding, mCH and mCG in the gene
body, and the flanking 100 kb for all mouse genes, ranked by mRNA expression
changes in the adult MeCP2 knockout (KO) brain compared with wild-type (WT)
and presented from top to bottom in ascending order (from most down-reg-
ulated to most up-regulated). Right panel of each heatmap shows quantitative
profiles. Chart depicts up-regulated genes (red), down-regulated genes (blue),
and unchanged genes (black) in MeCP2 KO brain. (B) Same as in A except that
the data are ranked by mRNA expression changes in the adult MeCP2 trans-
genic (Tg) mouse brain compared with wild-type and presented from top to
bottom in ascending order (from most down-regulated to most up-regulated).
Chart depicts up-regulated genes (blue), down-regulated genes (red), and un-
changed genes (black) in MeCP2 Tg adult mouse brain. (C) Transcriptional
changes in MeCP2 KO and Tg adult mouse brain compared with their corre-
sponding WT. (D) Heatmap representation of flank-normalized mCH in genes
with inverse expression changes in both MeCP2 mutants (red); a subgroup of
uniquely misregulated genes in MeCP2 Tg animals (green); and those genes
that are unchanged (black). Right panel shows quantitative profiles. Signal
values in heatmap and average plot are normalized so that the mean signal
value in flanking regions of each gene will be the same in A, B, and D.

Bdnf locus on adult (6-wk-old) and juvenile (3-wk-old) mouse hy-
pothalamus. We chose these two ages because this locus shows
dynamic mCH changes with brain maturation (19). MeCP2 binding
at a site known to be mCH marked overdevelopment within the
Bdnf locus (chr2:109,550,474-109,550,582), and was significantly
higher in the adult mouse brains than in the brains of younger
animals. In contrast, MeCP2 binding of mouse major satellite DNA,
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which exhibits methylation at eight CG sites (8), was not sig-
nificantly affected by age (Fig. 5A4). Interestingly, Bdnf was
significantly down-regulated in adult but not juvenile MeCP2-
null brains (Fig. 5B). To further evaluate the binding affinity of
MeCP2 for methylated and nonmethylated DNA elements in the
CH context, we purified recombinant full-length MeCP2 to ho-
mogeneity (Fig. S6) and tested its binding to a portion of the Bdnf
locus by EMSA. We found that MeCP2 binding increased at
the locus with only two cytosines methylated during brain de-
velopment (19) (Fig. 5C). Collectively, our data demonstrated
that substantial binding to mCH sites is necessary for MeCP2 to
regulate the proper expression of Bdnf, a modulator of RTT-
like phenotypes (25).

Discussion

Our in vivo analyses suggested that MeCP2 binds early on to
mCG and then mCH to influence transcription (Figs. 3 and 4) as
the latter accumulates during brain maturation (19). As noted
above, MeCP2 binding is genome-wide in the adult brain, so it is
necessary to sequence the entire genome several-fold to discover
differential binding at high-resolution. Our MeCP2 binding profile
thus allows us to compare the binding affinities of MeCP2 to
various DNA elements. Whole-genome analysis using base-pair
DNA methylation and MeCP2 binding profiles indicate that
MeCP2 shows the highest binding affinity for mCG, followed by
mCH, and then significantly lower affinity for nonmethylated
DNA elements (Fig. 5D), in agreement with a report using syn-
thesized nucleotide sequences in vitro (15). Such a targeting
principle ensures proper spatiotemporal MeCP2 binding and
likely contributes to transcriptional regulation. In the adult brain,
when MeCP2 levels are significantly increased (11, 17), we observe
a distinct trend toward increased binding to misregulated genes
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Fig. 5. Molecular determinants of genomic targeting of MeCP2. (A) RT-PCR
analysis of isolated DNA from MeCP2-ChlIP in adult and juvenile mouse hy-
pothalamus using primers for mouse major satellite DNA and Bdnf. Each bar
represents SEM; n = 3 or 4; *P < 0.05; n.s., not significant by paired, one-tailed
Student’s t test. (B) RT-PCR analysis of Bdnf transcript levels from adult and
juvenile mouse hypothalamus. Data were normalized to Gapdh and repre-
sented as the fold-expression relative to its age-matched wild-type. Each bar
represents SEM; n = 3; *P < 0.05; n.s., not significant by paired, one-tailed
Student’s t test. (C) EMSA analysis for recombinant full-length MeCP2 binding
to methylated and nonmethylated Bdnf nucleotide sequence in vitro, showing
increased binding to methylated substrate. (D) Normalized MeCP2 binding to
mCG, mCH, and nonmethylated DNA at the genomic level. Raw reads were
binned per 10 base pairs across the entire mouse genome. *P < 1073% by
Kolmogorov-Smirnov test for each pair-wise comparison.
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distinguished by mCH marks but not to those unaffected in
MeCP2 mutants. Notably, while our manuscript was under review,
a new study showed that MeCP2 binding coincides with mCH
(narrowed down to mCA) at genes up-regulated upon MeCP2 loss
that are enriched in neuronal functions (26), in agreement with
data presented here. Our findings show that MeCP2 binding sites
also correspond to mCH sites in genes down-regulated upon
MeCP2 loss, and that such genes are also enriched for neuronal
function (Fig. S4B and Dataset S1), suggesting that the mode of
MeCP2 function at mCH is more complex than proposed (26).

Because the pattern of mCH becomes fully established only in
the adult mouse brain, it is interesting to note that the estab-
lishment of mCH after birth requires de novo DNA methyl-
transferase 3A (Dnmt3A4) (15, 19, 26). Mice with central nervous
system deletion of Dnmit3A display several features characteristic
of RTT mouse models, including hypoactivity, decreased grip
strength, motor deficits, and premature death (27), underscoring
the importance of this mark for neurological function. However,
given the lack of specificity of such phenotypes, future studies
aimed at comparing the cell-specific phenotypic consequences
of loss of Dnmt3A4 (behavior, physiology, mCH distribution, and
gene expression) to those of loss of MeCP2 in the same cell type
are necessary to uncover the true functional overlap of these two
epigenetic factors.

In conclusion, we show that MeCP2 adopts different roles over
time in recognizing methylated DNA to influence transcription
in the nervous system (Fig. 6). Before birth, MeCP2 tracks mCG
and its expression levels are relatively low. This binding is largely
at repetitive elements and does not seem to contribute to direct
regulation of gene expression, consistent with the previous model
(11). During brain development, mCH marks build up in a
subgroup of genes (e.g., Bdnf), whereas mCG remains relatively
unchanged. As MeCP2 accumulates during neuronal maturation,
substantial amounts of MeCP2 occupy those mCH sites to in-
fluence transcription. We propose that this dynamic spatiotem-
poral relationship with methylated DNA in the CH context plays
a central role in MeCP2’s epigenetic regulation of gene expres-
sion and in part might contribute to the late onset of RTT
symptoms. Notably, although our model suggests the mechanism
of differential transcriptional regulation across the genome is in
part because of the intrinsic affinity of MeCP2 for different DNA
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Fig. 6. Proposed model of MeCP2 genomic targeting to influence tran-
scription. (A) During postnatal brain development the levels of MeCP2 (red)
and mCH (blue) increase as neurons mature, whereas mCG (green) remains
relatively stable. When DNA methylation patterns are fully developed to-
gether with higher levels of MeCP2 in the adult brain, differential binding
affinity of MeCP2 for mCG (green), mCH (blue) and nonmethylated DNA
(black) becomes apparent as illustrated in B. (C) In this context, MeCP2 can
now bind available mCH sites to influence transcription. Thus, changes to
MeCP2 levels or function, which lead to disease related phenotypes, only
become apparent after the brain has fully matured.

Chen et al.

modifications, further investigation is needed to assess the in-
fluence of local binding partners, as well as the total density and
context of mC sequences to further elucidate the rules for
functional MeCP2 binding. Although future studies are needed
to determine precisely how the rise in MeCP2 and mCH levels
leads to alterations in gene transcription, we now have a broad
mechanistic framework in which to understand the modes of
MeCP2 function in the mature nervous system.

Materials and Methods
For further details, see S/ Materials and Methods.

Mice. Mecp2 heterozygous mice, carrying Mecp2™''B allele (3) were
backcrossed and maintained on a pure 129SvEvTac background. MECP2 Tg3
mice in pure FVB background were previously described (4, 5). Wild-type male
mice were crossed to Mecp2 heterozygous and transgenic female mice and
the resulting F1 males were used for preparing total RNA and MNase-
digested nucleosomes. Transgenic MECP2-EGFP mice on a pure FVB back-
ground (18) were crossed to Mecp2 heterozygous females resulting in the
FVBx129SvEvTac F1 males and genotyped using the following primers
detecting GFP (forward 5’-cagcaggaccatgtgatcgc-3’, reverse 5'-gtgaagttc-
gaggtgcgacac-3'). Mecp2™”; MECP2-EGFP male mice were used for all MeCP2
ChIP experiments. All mouse studies were approved by the Institutional An-
imal Care and Use Committee for Baylor College of Medicine and were
conducted under the guidelines of the Center for Comparative Medicine at
Baylor College of Medicine.

ChIP and ChIP-Seq. ChIP was performed as described previously (13). Libraries
from input and ChIP-ed DNA were prepared by the Genomic and RNA Pro-
filing Core at Baylor College of Medicine following the standard manufac-
ture’s protocol (lllumina) and sequenced using an Illumina Solexa HiSeq
system. For further details see S/ Materials and Methods.

mRNA-Seq. Mice (7-wk) were killed under anesthesia and the hypothalamus
tissues were quickly dissected over ice. Tissue samples were homogenized in
PureZOL Reagent (Bio-Rad) through a Polytron disruption method and pu-
rified using an Aurum Total RNA Fatty and Fibrous Tissue Kit (Bio-Rad) fol-
lowing the manufacturer’s instructions. Isolated RNA was eluted in RNase-
free water and submitted to the Genomic and RNA Profiling Core at Baylor
College of Medicine. RNAs were polyA-selected, amplified, and sequenced
using an lllumina Solexa HiSeq system following the manufacturer’s in-
structions. For details of mMRNA-Seq and gene ontology analysis, see S/ Ma-
terials and Methods.

MNase-Seq. Mice (7-wk) were killed under anesthesia and the hypothalamus
tissues were quickly dissected over ice. MNase digestion of chromatin was
prepared as described previously (28). Briefly, samples washed in cold PBS
and resuspended in RSB buffer (10 mM Tris-HCI, 10 mM NacCl, 3 mM MgCl,,
0.2% Nonidet P-40, protease inhibitors). Nuclei pellets were digested with
Micrococcal Nuclease in the presence of 1 mM CaCl,. Reactions were ter-
minated by adding 10 mM EDTA. The chromatin preparations were then
purified using a Qiagen PCR Purification Kit. Libraries from purified mono-
nucleosomes were prepared by the Genomic and RNA Profiling Core at
Baylor College of Medicine following the standard manufacture’s protocols
(Illumina) and sequenced using an Illumina Solexa HiSeq system. For details
of MNase-Seq data analysis, see SI Materials and Methods.

EMSA. Full-length MeCP2 was expressed and purified as described previously
(13). The strands of the DNA probe (Sigma Life Science) were annealed
by boiling both strands for 5 min and cooling down to room temperature
over the course of 3 h. The sequences were as follows: forward 5'- ctca-
gatctaagagttagCaCacattcttcccttagggaaacaaaatgcaactgcattcatctt-3/, reverse
5’-aagatgaatgcagttgcattttgtttccctaagggaagaatgtgtgctaactcttagatctgag-3'.
Two methylated cytosines in the mCH probe were capitalized and syn-
thesized using 5-Me dC as substrates instead of dC.

EMSA was performed as previously described (13). Briefly, increasing amounts
of MeCP2 protein (0 pg, 0.25 ug, 0.5 pg, 1 pg, 2 pg, and 4 pg) were incubated
with 0.1 mg/mL BSA, 30 nM DNA probe in EMSA buffer [10 mM Tris HCI, 50 mM
KCl, 0.5 mM MgCl2, 0.1 mM EDTA, 5% (vol/vol) glycerol] at room temperature
for 30 min. DNA loading dye was added and the mixture of samples was
separated on a 6% (vol/vol) acrylamide gel in 0.5x TBE. Gels were poststained
with ethidium bromide and imaged under UV light to detect DNA.
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RT-PCR Assay. For RT-PCR analysis of gene expression, isolated RNA was
reverse-transcribed using M-MLV (Invitrogen) and random hexamer primers.
The resulting cDNA was diluted and stored at —20 °C until needed. Quan-
titation of gene expression was carried out in in triplicate reactions using
iTaq SYBER Green Supermix (Bio-Rad) and a CFX96 Real-Time System (Bio-
Rad) per the manufacturer’s instructions. Results were averaged for each
sample and normalized to Gapdh. For RT-PCR analysis following ChIP ex-
periments, the input and ChIP-ed DNA were diluted and stored at —20 °C
until needed. Reactions were carried out in in triplicate reactions using iTaq
SYBER Green Supermix (Bio-Rad) and a CFX96 Real-Time System (Bio-Rad)
per the manufacturer’s instructions. Data were normalized to input and
shown as percentage of ChlP/Input. Statistical analyses of RT-PCR data
were indicated in figure legends. Data were shown as mean + SEM, with
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