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Abstract
De novo loss-of-function mutations in methyl-CpG-binding protein 2 (MeCP2) lead to the
neurodevelopmental disorder Rett syndrome (RTT). Despite promising results from strategies aimed at
increasing MeCP2 levels, additional studies exploring how hypomorphic MeCP2 mutations impact the
therapeutic window are needed. Here, we investigated the consequences of genetically introducing a wild-type
MECP2 transgene in the Mecp2 R133C mouse model of RTT. The MECP2 transgene reversed the majority of
RTT-like phenotypes exhibited by male and female Mecp2 R133C mice. However, three core symptom domains
were adversely affected in female Mecp2R133C/+ animals; these phenotypes resemble those observed in disease
contexts of excess MeCP2. Parallel control experiments in Mecp2Null/+ mice linked these adverse effects to the
hypomorphic R133C mutation. Collectively, these data provide evidence regarding the safety and efficacy of
genetically overexpressing functional MeCP2 in Mecp2 R133C mice and suggest that personalized approaches
may warrant consideration for the clinical assessment of MeCP2-targeted therapies.

Introduction
Rett syndrome is a rare neurodevelopmental disorder that is predominantly seen in female individuals
and is characterized by a period of developmental regression in early childhood. Although it has been 20 years
since the discovery of the gene causing RTT 1, therapeutic treatments remain elusive. The majority of RTT cases
(90-95%) are due to loss-of-function (LOF) mutations in methyl-CpG-binding protein 2 (MECP2), a gene that is
expressed from the X-chromosome and encodes for the methyl reader protein (MeCP2). Seminal findings in
preclinical hemizygous Mecp2 null models have described that RTT symptoms are reversible if MeCP2 levels
are restored to those of wild type mice, even after disease onset 2,3. Several studies have since shown that viral
delivery of human MECP2 in hemizygous and heterozygous Mecp2 null mice can achieve similar effects in
reducing symptom severity and increasing survival 4–9. These data support the hypothesis that restoring MeCP2
function by supplying the wild-type protein using gene therapy could be a viable treatment option for RTT.
Three primary challenges arise with assessing the value of gene therapy as a therapeutic strategy for
RTT. First, proper brain function has remarkably precise requirements for MeCP2 dosage, as even 2x MeCP2
overexpression is also detrimental, and is the molecular basis of another neurodevelopmental disorder known
as MECP2 Duplication syndrome (MDS). MDS has been modeled in mice and, interestingly, there are clusters
of symptoms that appear to overlap with those in RTT models, while additional symptoms oppose those seen in
RTT 10,11. For example, seizures are common clinically in both disorders as well as in mouse models of the two
diseases. In contrast, anxiety, motor coordination and learning and memory phenotypes are antiparallel, with
deficits observed in RTT models that oppose phenotypes seen in MDS model mice.
The second and third challenges arise from the fact that RTT patients are a heterogeneous clinical
population, and their diversity has the potential to impact the therapeutic window. In contrast to the Mecp2 null
mice that have traditionally been used to assess the efficacy of prospective therapeutics, the RTT patient
population is variable in regard to symptom severity, which is impacted by X-chromosome inactivation (XCI) and
the specific pathological MECP2 mutation. XCI, a random process of silencing one X-chromosome in somatic
cells

12,

leaves female RTT patients and Mecp2 heterozygous mice mosaic for the wild-type (WT) and mutant

MeCP2. Although the majority of RTT patients display a random XCI pattern, XCI can be skewed, whereby the
expression of the X chromosome with the mutant MECP2 allele can be expressed at substantially higher or lower
levels compared to the WT allele. Several studies have reported skewed XCI in RTT patients, including familial

(e.g.

13,14)

and sporadic (e.g.

15)

cases, with the majority suggesting that a relationship exists between skewed

XCI (i.e. favoring WT MeCP2) and milder disease severity. This has also been illustrated in Mecp2 heterozygous
mice, whereby more WT MeCP2 cells leads to milder phenotypic severity 16–18.
Similarly, correlations exist between each patient’s specific MECP2 mutation and symptom severity
19,20,21.

Pathogenic MECP2 mutations can render the protein completely nonfunctional via truncation or

diminished stability, or partially functional through subtle disruption of key domains. The latter situation creates
a hypomorphic mutation, in which some critical functions of MeCP2 are retained, and include the most prominent
pathological mutations such as R133C, R306C and R294X, as well as other sporadic mutations, e.g. P152A 22–
25.

These retained features of MeCP2 include the ability to bind to DNA or recruit a complex of the co-repressors

nuclear receptor co-repressor 2 (NCoR)/silencing mediator for retinoid or thyroid-hormone receptors (SMRT) to
regulate gene transcription. Thus far, the majority of preclinical studies regarding gene therapy have addressed
the efficacy and safety of this treatment in models of complete LOF mutations, including T158M and R255X
6,26,27.

With the exception of a study that investigated the effects of increased MeCP2 dosage in the context of

the hypomorphic mutation R306C 23, the feasibility of such treatment for patients bearing hypomorphic mutations
has been understudied and would provide valuable information to the field.
We focused here on the hypomorphic mutation R133C, which is 1) one of the eight most common
mutations found in patients, 2) accounts for 7% of the current patient population

28,

and 3) leads to a mild form

of RTT 20,21,29,30. This mild severity is thought to be attributed to the R133C mutant MeCP2 protein retaining some
ability to bind to DNA 31,22. Mecp2 R133C mice have been previously shown to exhibit some RTT-like phenotypes,
in particular increased phenotypic score and decreased survival, but these phenotypes are milder in comparison
to Mecp2 null mice 22.
In this current report, we further validated the Mecp2 R133C model of RTT by conducting an extensive
behavioral phenotypic characterization of male and female mice. We then crossed MDS mice (MECP2Tg1/o) and
Mecp2 R133C mice to introduce a human MECP2 transgene (termed MECP2Tg1/o; Mecp2R133C/y or MECP2Tg1/o;
Mecp2R133C/+) and demonstrate reversibility of several symptoms in male and female mice. Interestingly,
however, we observed that female MECP2Tg1/o; Mecp2R133C/+ mice demonstrate some phenotypes that are similar
to MDS mice, suggesting a potential safety risk for MeCP2 overexpression in the R133C context. In a parallel
experiment, heterozygous Mecp2 null (Mecp2Null/+) mice with the MECP2 transgene were indistinguishable from

WT littermates, further supporting that the MDS-like phenotypes observed in the female Mecp2R133C/+ mice are
attributable to the hypomorphic R133C mutation. In short, we present the first empirical evidence demonstrating
that the consequences of introducing a functional MeCP2 in a female mouse model of RTT bearing a
hypomorphic MECP2 mutation are contingent on mutation and symptom.

Materials and Methods
Animals: All animals used in the present study were group housed with food and water given ad libitum and
maintained on a 12 hr light/dark cycle. Animals were cared for in accordance with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals. All studies were approved by the Institutional Animal
Care and Use Committee for Vanderbilt University School of Medicine and took place during the light
phase. Mecp2 R133C (B6.129P2(C)-Mecp2tm6.1Bird/J, stock no. 026848) mice were cryorecovered and Mecp2Null/+
(B6.129P2(C)-Mecp2tm1.1Bird/J, stock no. 003890) were obtained from The Jackson Laboratory (Bar Harbor, ME,
USA). MECP2Tg1/o mice (C57Bl6 background) were generously shared by Dr. Jeffrey Neul (Vanderbilt University).
Experimental mice were obtained by crossing female Mecp2R133C/+ and male MECP2Tg1/o mice. Male and female
mice were aged until the predicted symptomatic ages (6 weeks and 20 weeks old, respectively) for all
experiments. Analogously, female Mecp2Null/+ were crossed with male MECP2Tg1/o mice, and female mice were
aged to 20 weeks old for experiments.

Behavioral Assays: All behavioral experiments were conducted during predicted symptomatic ages (6-13
weeks male mice; 20-28 weeks female mice) at the Vanderbilt Mouse Neurobehavioral Core. Each mouse was
utilized in multiple assays and conducted in the following order: acoustic startle response, accelerated rotarod,
open field, elevated zero maze, 3-chamber social preference, contextual fear conditioning, and whole-body
plethysmograph; a minimum of 4 days elapsed between each assay. For each assay, mice were habituated to
the testing room for at least 30 min prior to the experiment. Quantification was performed either by a researcher
blinded to the genotype or by automated software.

Hindlimb Clasping: Mice were suspended by their tail for 1 min, which was video recorded and analyzed by a
blinded reviewer. Recording occurred every 2 weeks within a 6-week span starting from 6 weeks old (male) or
20 weeks old (females). Clasping was defined as the number of seconds spent either clasping one or more
paws, or knuckling the digits of the paw.

Acoustic Startle Response and Pre-Pulse Inhibition (PPI): Mice were placed in individual acoustic startle
chambers (Med Associates Inc, St. Albans, VT) and after a 5 min acclimation period, followed the testing

paradigm of 61 trials previously described in 32. Mice were first presented with five 120 dB startle stimulus alone,
which was averaged and presented as the acoustic startle response (in arbitrary units). Then, animals were
exposed to nine rounds of pseudo-randomized presentations of the following trials (intertrial interval varied
pseudo-randomly between 9 and 21 sec): no stimulus, startle pulse alone (120 dB), highest pre-pulse noise
alone (80 dB), and three varying pre-pulses (70, 75, or 80 dB; 20 msec) followed by a startle pulse (120 dB, 50
msec interstimulus interval). Background noise of 65 dB was presented continuously. Percent PPI was calculated
as 100 x (mean acoustic startle response [ASR] - mean ASR in pre-pulse plus pulse trials) / mean ASR in startle
pulse trials.

Accelerated Rotarod: Mice were placed on a rotarod (Ugo Basile, Med Associates Inc, St. Albans, VT, USA) that
accelerated from 4 to 40 rpm over 5 min with a 10 min maximum per test. Each animal was tested 3 times a day
for 3 days with 1 hr between trials. The latency to fall was recorded as the time that the mice fall from the rod or
time at which the mice turn with the rod twice. Data are presented as an average latency to fall of the 3 testing
days.

Open Field: Mice were placed in the activity chamber for 30 min and locomotor activity was quantified as beam
breaks in the X, Y and Z axis using Activity Monitor software (Med Associates Inc, St. Albans, VT, USA).

Elevated Zero Maze: Mice were placed on a continuous circular platform with two closed and two open regions
for 5 min under full light conditions (~700 lux in the open regions, ~400 lux in the closed regions). The time spent
exploring the open regions, as well as distanced traveled in both open and closed regions, was quantified by
ANY-maze software (Stoelting, Wood Dale, IL, USA).

3-chamber Social Preference Assay: Mice were placed in a standard three-chamber apparatus and allowed to
habituate for 5 min. The mice were then exposed to a novel mouse (stranger 1) and an empty cup for 7 min.
Immediately after, the animals were exposed to a novel stranger (“novel mouse”) in addition to stranger 1
(“familiar mouse”) for 7 min. Stranger mice were of the same sex and strain, as well as ≤5 weeks younger as

experimental mice. In between experimental mice, chamber placement of stranger mice and cups were switched.
Time spent in the chambers were quantified using ANY-maze software (Stoelting, Wood Dale, IL, USA).

Contextual Fear Conditioning: Mice were habituated to the room for 2 hrs on the day prior to fear conditioning
and for 1 hr before conditioning and contextual testing. On conditioning day, mice were placed into an operant
chamber with a shock grid (Med Associates Inc, St. Albans, VT, USA) in the presence of a 10% vanilla odor cue.
Following a 3 min habituation period, mice were exposed to two mild (0.7 mA) 1 sec foot shocks spaced 30 sec
apart that were preceded by a tone. Mice remained in the context for an additional 30 sec after the second foot
shock. On test day, 24 hrs after conditioning, mice were placed back into the same operant chamber with a 10%
vanilla odor cue for 5 min, and the percentage of time spent freezing was measured by Video Freeze software
(Med Associates Inc, St. Albans, VT, USA). Due to high baseline freezing (pre-tone shock), the freezing
percentage on the contextual test day was subtracted by the baseline freezing on conditioning day.

Whole Body Plethysmography (WBP): Unrestrained mice were placed in a WBP recording chamber (Buxco,
two-site system, DSI, New Brighton, MN, USA) with a continuous inflow of air (1 liter/min). After a habituation
period of 1 hr, respiratory measurements were made for 30 min. Analysis was performed using FinePointe
ResearchSuite (version 2.3.1.9). Apneas, defined as pauses spanning twice the average expiratory time of the
previous 2 min, were quantified using the FinePointe apnea software patch. Only points of motion-free recording
were analyzed. Periods of movement were removed (i) automatically by the FinePointe apnea software, (ii)
manually by identifying points where the D-chamber volume exceeded the normal breath range, and (iii) at points
where the researcher was present during the recording noted activity.

Total Protein Preparation: The cortex, cerebellum and hippocampus were microdissected from naïve 6-week
male and 20-week female mice that were of separate cohorts from the mice that underwent behavior to avoid
changes in gene expression that may occur after behavioral testing. Total protein was prepared as previously
described in

33.

Briefly, tissue samples were homogenized using a hand-held motorized mortar and pestle in

radioimmunoprecipitation assay buffer (RIPA) containing 10 mM Tris-HCl, 150 mM NaCl, 1 mM
ethylenediaminetetraacetic acid (EDTA), 0.1% sodium dodecyl sulfate (SDS), 1% Triton X-100, and 1%

deoxycholate (Sigma, St. Louis, MO, USA). After homogenization, samples were centrifuged and the
supernatant was collected. Protein concentration was determined using a bicinchoninic acid (BCA) protein assay
(Pierce, ThermoFisher, Waltham, MA, USA).

SDS-Page and Western Blotting: As previously described in

33,

50 μg of total protein was electrophoretically

separated using a 4-20% SDS polyacrylamide gel and transferred onto a nitrocellulose membrane (Bio-Rad,
Hercules, CA, USA). Membranes were blocked in Odyssey blocking buffer (LI-COR, Lincoln, NE, USA) for 1 hr
at room temperature. Membranes were probed with primary antibodies overnight at 4°C: rabbit anti-MeCP2
(1:1000, Millipore cat no. 07-013, Burlington, MA, USA) and mouse anti-Gapdh (1:1000, ThermoFisher cat. no.
MA5-15738, Waltham, MA, USA), followed by the fluorescent secondary antibodies: goat anti-rabbit (800nm,
1:5000, LI-COR, Lincoln, NE, USA) and goat anti-mouse (680nm, 1:10,000, LI-COR, Lincoln, NE, USA).
Fluorescence was detected using the Odyssey (LI-COR, Lincoln, NE, USA) imaging system at the Vanderbilt
University Medical Center Molecular Cell Biology Resource (MCBR) Core and then quantified using the Image
Studio Lite software (LI-COR, Lincoln, NE, USA). Values were normalized to Gapdh and compared relative to
wild-type controls.

Statistical Analyses: Statistics were carried out using Prism 8 (GraphPad) and Excel (Microsoft). All data shown
represent mean ± SEM. Statistical significance between genotypes was determined using mixed-effects
analysis, or 1- or 2-way ANOVA with Sidak’s, Tukey’s or t-test post-hoc, or unpaired t-test. Sample size and
statistical tests are specified in each figure legend with p-values represented as *p<0.05, **p<0.01, ***p<0.001,
and ****p<0.0001 for within-genotype comparison.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Results
Mecp2 R133C mice exhibit RTT-like phenotypes
Male mice harboring the R133C mutation (Mecp2R133C/y) have been previously characterized as exhibiting
RTT-like phenotypes such as decreased survival, increased phenotypic score (an aggregate measurement of
six parameters including general condition, breathing and hindlimb clasping

34)

and altered anxiety behavior

compared to wild-type (WT) mice 22. To expand these observations to more quantitative phenotypes, we began
by assessing weight deficits in both male and female (Mecp2R133C/+) Mecp2 R133C mice. We found that,
regardless of sex, decreased weight was observed as early as 5 weeks old and maintained at older ages (Figure
1A, mixed-effects analysis, male: F(1,47)=93.09, p<0.0001, female: F(1,66)=26.65, p<0.0001). Similarly,
hindlimb clasping was pronounced in male and female Mecp2 R133C mice, as shown in the representative
images (Figure 1B). Blinded scoring of video recordings illustrated the increased hindlimb clasping in Mecp2
R133C mice compared to WT littermates (Figure 1B, t-test, male: t(44)=6.630, p<0.0001, female: t(61)=5.362,
p<0.0001). The clasping phenotype was also maintained from weeks 6-13 in male Mecp2+/y and 20-28 in female
Mecp2R133C/+ animals (Supplementary Figure 1A-B, ANOVA, male: F(1,44)=43.95, p<0.0001, female:
F(1,61)=28.83, p<0.0001).
We then conducted a behavioral battery that incorporates evaluation of a series of phenotypes that have
been reported to be abnormal in various mouse models of RTT 35,36 and that we have used for previous studies
33,37,38.

mice

Given the prior observation that Mecp2 R133C mice exhibited milder severity compared to Mecp2 null

22,

these studies used 6-12 week old male and 20-26 week old female mice. This battery tested for the

following behaviors: acoustic startle response, motor coordination, spontaneous locomotor activity, anxiety,
social behavior and social recognition/preference, contextual fear conditioning, and breathing abnormalities. As
assessments of sensorimotor gating, we evaluated the acoustic startle response as well as pre-pulse inhibition
(PPI). Both sexes of Mecp2 R133C mice exhibited an attenuated acoustic startle response to a 120 decibel (dB)
stimulus (Figure 1C, t-test, male: t(41)=5.287, p<0.0001, female: t(36)=4.326, p<0.001). However, no difference
in percentage of PPI was observed in male or female Mecp2 R133C mice compared to WT littermates
(Supplementary Figure 2A, ANOVA, male: F(1,41)=1.226, p>0.05, female: F(1,35)=1.275, p>0.05). These data
suggest that, while basal startle reactivity is impaired, Mecp2 R133C mice display normal sensorimotor gating.

We next measured performance in an accelerated rotarod to determine motor dysfunction. Both sexes
of Mecp2 R133C mice displayed decreased average latency to fall, indicative of attenuated motor coordination
(Figure 1D, t-test, male: t(47)=8.055, p<0.0001, female: t(60)=6.345, p<0.0001). Given this deficit, we assessed
spontaneous locomotor activity in an open field, as gross motor deficits could impact more subtle phenotypic
measures of anxiety, cognition, and sociability. We observed no locomotor activity changes in Mecp2 R133C
mice compared to WT littermates (Figure 1E, t-test, male: t(40)=0.7135, p>0.05, female: t(60)=0.8408, p>0.05),
suggesting that the rotarod deficit is specific to motor coordination and not gross motor function. We then utilized
an elevated zero maze to evaluate anxiety-related behavior. Although male Mecp2R133C/y mice exhibited
decreased total distance traveled (Supplementary Figure 2B, t-test, male: t(35)=2.434, p<0.05, female:
t(60)=1.692, p>0.05), both male and female Mecp2 R133C mice spent more time in the open arms compared to
the WT littermates, indicative of decreased anxiety behavior (Figure 1F, t-test, male: t(35)=6.785, p<0.0001,
female: t(60)=3.821, p<0.001).
To evaluate social behavior as well as learning and memory phenotypes, we utilized a 3-chamber
discrimination task. In this assay, both Mecp2R133C/+ and Mecp2R133C/y mice were comparable to sex-matched WT
littermates, spending more time with the stranger mouse (“stranger 1”) over an inanimate object (in this case, an
empty cup) (Supplementary Figure 2C, ANOVA, male: F(2,70)=257.0, p<0.0001, female: F(2,96)=179.9,
p<0.0001), which suggests normal sociability. However, when presented with a novel mouse (“novel”) in addition
to the familiar mouse (“familiar”) from the sociability phase, both sexes of Mecp2 R133C mice failed to
demonstrate the same preference for the novel stranger as littermates, spending equal time with both stranger
mice (Figure 2A, ANOVA, male: F(2,68)=108.8, p<0.0001 (Mecp2+/y), p>0.05 (Mecp2R133C/y), female:
F(2,96)=135.3, p<0.05 (Mecp2+/+), p>0.05 (Mecp2R133C/+)). This result is indicative of a deficit in social preference
and/or impaired social memory.
We further assessed learning and memory using a contextual fear conditioning test, which measures
freezing to a previously aversive stimulus as a proxy of memory. On day 1, the mice were trained to associate
their environment with a mild foot shock. Irrespective of genotype, male and female mice responded to the
aversive stimulus (Supplementary Figure 2D, ANOVA, male: F(2,70)=34.37, p<0.0001, female: F(2,110)=138.8,
p<0.0001), suggesting normal sensory and short-term memory acquisition. To evaluate the long-term memory
component, mice were placed back in the same context 24 hours after shock administration (training day), and

only male Mecp2R133C/y mice exhibited decreased freezing behavior (Figure 2B, t-test, male: t(35)=2.465, p<0.05,
female: t(55)=0.9306, p>0.05). In contrast, female Mecp2R133C/+ mice showed contextual freezing at levels
comparable to littermate controls.
Lastly, we investigated the presence of breathing abnormalities, particularly apneas, which are observed
in RTT mouse models and patients. Apneas, characterized as “breath-holding” or hypoventilation, are preceded
by periods of hyperventilation

39

and can be quantified using whole-body plethysmography. We observed that

both male and female Mecp2 R133C mice exhibited apneas (Figure 2C-D, t-test, male: t(42)=3.067, p<0.01,
female: t(51)=3.108, p<0.01) without significant changes in other breathing parameters such as frequency and
times of inspiration or expiration (Figure 2E-G, t-test, all p>0.05, male: t(42)=0.5755 (breathing frequency),
t(42)=0.04122 (inspiration time), t(42)=0.1622 (expiration time), female: t(51)=0.1999 (breathing frequency),
t(51)=1.253 (inspiration time), t(51)=0.5968 (expiration time)).

MeCP2 protein expression in Mecp2 R133C mice with and without MECP2 transgene is brain regionspecific
The milder phenotypes in Mecp2 R133C mice and RTT patients have been linked to some preserved
MeCP2 expression and function, as had been previously characterized both in vitro and ex vivo 22,31,40. Therefore,
we hypothesized that the mutant MeCP2 protein is stably expressed in Mecp2 R133C mice. Using Western
blotting, we detected both WT MeCP2 and GFP-tagged R133C MeCP2 (Supplementary Figure 3A-B).
Interestingly, in male Mecp2R133C/y mice, the total level of MeCP2 protein was dependent on the brain region,
with unchanged expression in the cortex and cerebellum, but decreased in the hippocampus compared to WT
littermates (Figure 3A, t-test, t(8)=0.4178, p>0.05 (cortex), t(9)=2.330, p>0.05 (cerebellum), t(10)=2.966, p<0.05
(hippocampus)). In female Mecp2R133C/+ mice, we quantified WT and mutant MeCP2, and observed that total
MeCP2 expression was similar to WT littermates regardless of brain region (Figure 3B, t-test, all p>0.05,
t(10)=1.456 (cortex), t(9)=0.1474 (cerebellum), t(10)=1.700 (hippocampus)). Moreover, by comparing the relative
expression of these two forms of MeCP2 in female mice, we also observed variability in heterogeneity both
between samples and across brain regions, with some mice expressing more of the R133C mutant than WT
MeCP2, more of WT MeCP2 than the R133C mutant protein, or equal amounts of both proteins (Supplementary
Figure 4).

We posited that introduction of a WT human MECP2 transgene would further increase protein expression
in Mecp2 R133C animals and might elicit unique effects in male versus female mice. To address our hypothesis,
we took advantage of a well-characterized MECP2 Duplication syndrome (MDS) mouse model, MECP2Tg1/o

10,

which expresses a WT human MECP2 transgene, and have now been bred to the same C57Bl6 congenic
background as the R133C mutation27. Similar to the approach in 27, we then bred MDS mice with Mecp2 R133C
mice to genetically introduce the human MECP2 transgene (Supplementary Figure 5). This breeding strategy
led to our experimental mice, male MECP2Tg1/o; Mecp2R133C/y and female MECP2Tg1/o; Mecp2R133C/+ animals,
which we compared to the following controls: Mecp2+/y or Mecp2+/+, MECP2Tg1/o and Mecp2R133C/y or Mecp2R133C/+.
Again, we assessed MeCP2 protein expression in the cortex, hippocampus and cerebellum from these mice
(representative western blot images in Supplementary Figure 6A-B). Compared to WT littermates, total MeCP2
protein was increased in MDS mice, MECP2Tg1/o, regardless of sex and brain region (Figure 4, ANOVA, overall
p-value indicated, male: F(3,18)=7.584, p<0.01 (cortex), F(3,19)=7.894, p<0.01 (cerebellum), F(3,20)=3.654,
p<0.05 (hippocampus), female: F(3,20)=37.58, p<0.0001 (cortex), F(3,19)=8.113, p<0.01 (cerebellum),
F(3,20)=21.24, p<0.0001 (hippocampus)). A similar observation was seen in the cortex and cerebellum of
MECP2Tg1/o; Mecp2R133C/y and MECP2Tg1/o; Mecp2R133C/+ mice, which was not surprising given the stable
expression in the Mecp2 R133C mice alone. Interestingly, hippocampal MeCP2 expression in female
MECP2Tg1/o; Mecp2R133C/+ mice (Figure 4F) was comparable to that of WT littermates despite Mecp2R133C/+ mice
expressing MeCP2 protein at WT levels. Nonetheless, regardless of brain region, addition of the MECP2
transgene increased WT MeCP2 levels in Mecp2R133C/+ mice as indicated by a rightward shift in the expression
of the WT protein in MECP2Tg1/o; Mecp2R133C/+ mice compared to that in Mecp2R133C/+ mice (Supplementary Figure
7). Additionally, since MeCP2 protein expression was similar between MECP2Tg1/o and MECP2Tg1/o; Mecp2R133C/y
or MECP2Tg1/o; Mecp2R133C/+ mice in most brain areas, we posited that the introduction of an MECP2 transgene
in Mecp2 R133C mice could cause the development of MDS-like phenotypes.

Phenotypic reversal in male Mecp2R133C/y mice with a wild-type MECP2 transgene
We first investigated the phenotypic consequences of expressing a WT MECP2 allele in the male global
mutant R133C context mice by conducting the aforementioned behavioral battery. We observed reversal of
Mecp2R133C/y-associated phenotypes, including the weight deficit and hindlimb clasping phenotype, at all ages

(Figure 5A-B, Supplementary Figure 8A, p-value indicated for MECP2Tg1/o; Mecp2R133C/y vs Mecp2R133C/y
comparison, (weight) mixed-effects analysis, F(3,99)=53.56, p<0.0001, (hindlimb clasping) ANOVA,
F(3,95)=58.71, p<0.0001 (overall), F(3,95)=58.71, p<0.0001 (at each age range). Moreover, the addition of WT
MECP2 in Mecp2R133C/y mice reversed acoustic startle response deficiency (Figure 5C, ANOVA, F(3,89)=14.05,
p<0.0001 (MECP2Tg1/o; Mecp2R133C/y vs Mecp2R133C/y)), abnormal social preference (Figure 5D, ANOVA,
F(2,160)=200.9, p<0.001 (MECP2Tg1/o; Mecp2R133C/y familiar mouse vs novel mouse)), and increased apneas
(Figure 5E, ANOVA, F(3,93)=10.56, p<0.001 (MECP2Tg1/o; Mecp2R133C/y vs Mecp2R133C/y)). The effect on
respiratory function was restricted to the apnea phenotype as no changes were observed in breathing frequency
as well as inspiratory and expiratory times (Supplementary Figure 8B-D, ANOVA, all p>0.05, F(3,93)=0.8194
(breathing frequency), F(3,93)=0.3889 (inspiratory time), F(3,93)=0.6070 (expiratory time)).
When comparing the phenotype of RTT and MDS mice, several phenotypes consistently present in a bidirectional manner. These phenotypes include anxiety, motor coordination and associative learning and memory
in the form of contextual fear freezing

10,41–43.

We observed the bi-directionality of these phenotypes, in which

Mecp2R133C/y mice exhibited attenuated anxiety, motor coordination and contextual freezing, whereas MECP2Tg1/o
mice displayed contrasting phenotypes of increased anxiety, and abnormally enhanced performance in the
accelerated rotarod and contextual fear conditioning tasks (Figure 6A-C, ANOVA, F(3,83)=43.22, p<0.01
(Mecp2+/y vs MECP2Tg1/o), p<0.0001 (Mecp2+/y vs Mecp2R133C/y) (anxiety), F(3,99)=49.10, p<0.0001 (Mecp2+/y vs
MECP2Tg1/o and Mecp2+/y vs Mecp2R133C/y) (motor coordination), F(3,80)=13.69, p<0.05 (Mecp2+/y vs MECP2Tg1/o
and Mecp2+/y vs Mecp2R133C/y) (contextual fear conditioning)). Introduction of an MECP2 transgene in the
Mecp2R133C/y mice reversed these deficits to WT levels, which further established phenotypic reversal in male
Mecp2R133C/y mice (Figure 6A-C, ANOVA, p-valued indicated for MECP2Tg1/o; Mecp2R133C/y vs Mecp2R133C/y
comparison, p<0.0001 (anxiety), p<0.0001 (motor coordination), p<0.01 (contextual fear conditioning).

Phenotype-specific effect in female Mecp2R133C/+ mice with wild-type MECP2 transgene
The beneficial effects observed with the introduction of an MECP2 transgene in male Mecp2R133C/y mice
were anticipated, as global MeCP2 disruption would be predicted to result in increased severity, and
consequently, a larger window before MDS-like phenotypes are observed. We next investigated if this reversal
would also hold true in female Mecp2R133C/+ mice as they 1) are mosaic for mutant and wild-type MeCP2, 2)

exhibit milder phenotypes than male mice, and 3) show normal baseline MeCP2 protein levels in the cortex,
hippocampus and cerebellum (Figure 3B). Furthermore, the MeCP2 protein expression in MECP2Tg1/o;
Mecp2R133C/+ mice was increased and comparable to that in MECP2Tg1/o mice in most brain regions (Figure 4DF).
General physical characteristics, specifically weight and hindlimb clasping, were similar in MECP2Tg1/o;
Mecp2R133C/+ mice and WT littermates across age (Figure 7A-B, Supplementary Figure 8E, p-value indicated for
MECP2Tg1/o; Mecp2R133C/+ vs Mecp2R133C/+ comparison, (weight) mixed-effects analysis, F(3,135)=11.36, p<0.01
(5, 10 and 25 weeks old), p<0.0001 (15 and 20 weeks old), (hindlimb clasping) ANOVA, F(3,125)=21.23,
p<0.0001 (overall), F(3,125)=21.54, p<0.001 (22-25 weeks old), p<0.0001 (20-23 and 24-28 weeks old)),
suggesting that increasing MECP2 dosage corrected weight deficits and the clasping phenotype. This reversal
effect with the MECP2 transgene was also observed in the attenuated acoustic startle response and lack of
social preference in Mecp2R133C/+ mice (Figure 7C-D, ANOVA, F(3,74)=9.971, p<0.0001 (MECP2Tg1/o;
Mecp2R133C/+ vs Mecp2R133C/+) (acoustic startle response), F(2,204)=239.6, p<0.01, (MECP2Tg1/o; Mecp2R133C/+
familiar mouse vs novel mouse) (social preference)). As illustrated in the representative traces and number of
apneas, MECP2Tg1/o; Mecp2R133C/+ mice showed comparable apneas to WT littermates, again without changes
in other breathing parameters (Figure 7E, Supplementary Figure 8F-H, ANOVA, p-value indicated for
MECP2Tg1/o; Mecp2R133C/+ vs Mecp2R133C/+ comparison, F(3,107)=12.67, p<0.0001 (apnea), F(3,107)=1.007,
p>0.05 (breathing frequency), F(3,107)=1.353, p>0.05 (inspiratory time), F(3,107)=0.3095, p>0.05 (expiration
time)).
We next evaluated the performance of MECP2Tg1/o; Mecp2R133C/+ mice in the bi-directionally affected
symptom domains of anxiety, motor coordination and associative learning and memory. Similar to their male
counterparts, female MECP2Tg1/o mice displayed increased anxiety, enhanced performance in the accelerated
rotarod, and an excessive contextual fear conditioning response (Figure 8A-C, ANOVA, p-value indicated for
Mecp2+/+ vs MECP2Tg1/o comparison, F(3,123)=21.46, p<0.05 (anxiety), F(3,125)=38.86, p<0.0001 (motor
coordination), F(3,111)=12.63, p<0.0001 (contextual fear conditioning)). Notably, these phenotypes were also
observed in MECP2Tg1/o; Mecp2R133C/+ mice, which although not as robust as MECP2Tg1/o mice alone, were
significantly different from WT littermates (ANOVA, p-value indicated for Mecp2+/+ vs MECP2Tg1/o; Mecp2R133C/+
comparison, F(3,123)=21.46, p<0.05 (anxiety), F(3,125)=38.86, p<0.001 (motor coordination), F(3,111)=12.63,

p<0.01 (contextual fear conditioning)). To confirm that these MDS-like phenotypes were linked to preserved
function of the R133C allele, we applied a similar approach in introducing the MECP2 transgene in Mecp2Null/+
mice. In contrast to the Mecp2R133C/+ mice, MECP2Tg1/o; Mecp2Null/+ animals were not significantly different from
their WT counterparts in all three assays (Figure 8D-F, all p>0.05 for Mecp2+/+ vs MECP2Tg1/o; Mecp2Null/+
comparison, F(3,60)=7.374 (anxiety), F(3,67)=30.82 (motor coordination), F(3,58)=21.01 (contextual fear
conditioning)). Aside from the anxiety-related behavior, wherein MECP2Tg1/o mice did not spend less time in the
open arms, MECP2Tg1/o; Mecp2Null/+ were significantly different from MECP2Tg1/o mice in motor coordination and
contextual freezing (ANOVA, p-value indicated for MECP2Tg1/o vs MECP2Tg1/o; Mecp2R133C/+ comparison,
F(3,60)=7.374, p>0.05 (anxiety), F(3,67)=30.82, p<0.05 (motor coordination), F(3,58)=21.01, p<0.05 (contextual
fear conditioning)). Altogether, these results suggest that expression of the MECP2 transgene in the clinically
relevant Mecp2R133C/+ genetic background may result in “MDS-like” phenotypes, and potentially points to a
narrower therapeutic window for MeCP2-targeted therapeutics when used with mild hypomorphic mutations.

Discussion
In the past decade, gene therapy research for RTT has significantly increased, emerging as a feasible
and exciting treatment option

4–9.

Most recently, a report described the efficacy and safety of a self-

complementary AAV9 (scAAV9) encoding for the human MECP2 in male Mecp2 null mice and non-human
primate models 7. While encouraging, the majority of preclinical studies regarding gene therapy for RTT have
not examined safety in the context of mosaic females (with the notable exception of 9 and 44). Furthermore, these
preclinical studies do not address the impact of hypomorphic MeCP2 mutations on therapeutic index, except for
the study by 23, which illustrated the effects of increasing MeCP2 expression in male mice that were hemizygous
for the missense mutation R306C. It is widely accepted that many missense MECP2 mutations are correlative
with milder clinical severity as a result of preserved protein function and stability. In this study, we sought to
complement existing efforts to generate MeCP2-based therapeutics by addressing aspects of this diverse clinical
landscape. Specifically, we asked whether a 1x increase in MeCP2 dosage from conception would rescue
phenotypes in Mecp2R133C/y and Mecp2R133C/+ mice without evoking MDS-like adverse effects.
The R133C mutation is one of most common mutations in patients but it also leads to a mild presentation
of the disease, similar to R306C

19,21,29.

Here, we behaviorally validated the Mecp2 R133C mice as a

hypomorphic mutant mouse model of RTT. Both male and female Mecp2 R133C mice exhibited RTT-like
phenotypes, with the exception of a normal contextual fear response in female Mecp2R133C/+ mice, which differs
from what is commonly observed in Mecp2Null/+ animals

38,42,45–47.

This further supports the clinical observation

that the R133C mutation is not a functional null allele, but rather is hypomorphic and conveys a milder phenotype.
Additionally, our data are in agreement with previous reports of Mecp2 R133C and Mecp2 R306C mice, as well
as constitutive hypomorphic Mecp2flox/y mice, which have a 50% reduction in MeCP2 expression 22,23,36,48,49. The
lack of abnormal PPI contrasted from previous findings wherein enhanced PPI was observed in Mecp2tm1.1Jae
heterozygous females, Mecp2flox/y mice, and glutamatergic- or GABAergic-specific Mecp2 knockout mice
50,36,48,51.

However, compared to these studies, which utilized older mice of different background strains, we

evaluated PPI at 6-7 weeks of age for both male and female Mecp2 R133C mice to account for the hearing loss
that mice of the C57Bl6 background strain begin to experience at 8 weeks of age. Therefore, it is possible that
older Mecp2 R133C mice could exhibit altered PPI.

As has been previously posited

22,

the milder phenotypes seen in the Mecp2 R133C animals are likely

attributed to partial functional loss of MeCP2. This hypothesis was supported by our protein expression data
demonstrating that expression of the R133C allele was comparable to WT MeCP2 in two brain regions, cortex
and cerebellum, in these mice. Interestingly, we observed a decrease in hippocampal MeCP2 protein expression
in male Mecp2R133C/y mice that was not observed in female Mecp2R133C/+ mice. While mosaicism would be
predicted to dilute the mutant allele’s aggregate impact on hippocampal MeCP2 expression, this sex-specific
disconnect could explain the associative learning and memory phenotype that was distinct between the male
and female Mecp2 R133C animals, where only male mice exhibited a contextual fear conditioning deficit.
To model an optimal 1x rescue of MeCP2 protein, we genetically introduced a human MECP2 transgene
into Mecp2 R133C mice. We demonstrated that all of the abnormal phenotypes observed in male Mecp2R133C/y
mice were reversed to that of wild-type behavior when the MECP2 transgene was expressed, which is highly
encouraging. These reversal effects support the conclusion that global MeCP2 mutation or loss broadens the
range in which MeCP2 can be increased before MDS-like phenotypes emerge. Our results are similar to previous
studies illustrating that genetically increasing MeCP2 expression in male Mecp2 R306C mice corrected several
RTT-like phenotypes such as deficits in motor function and contextual fear learning and memory

23.

In addition,

other MeCP2-targeting genetic strategies, such as postnatal reactivation of Mecp2, neuronal-specific germline
introduction of Tau-Mecp2, and viral delivery of human MECP2 in Mecp2 null mice improved phenotypes 2–7,9,52.
Collectively, these findings support the potential use of MeCP2-targeted approaches for male RTT patients with
the R133C mutation.
To address the impact of a hypomorphic mutation in a mosaic context, which would occur in female
patients, we evaluated the consequences of this genetic strategy in female Mecp2R133C/+ mice. Encouragingly,
the majority of the RTT-like phenotypes in Mecp2R133C/+ mice were normalized with the additional MECP2
transgene. These findings are in agreement with previous reports of phenotypic reversal with systemic delivery
of full-length MeCP2 in female Mecp2Null/+ mice, increased MeCP2 expression in Mecp2 T158M mice or germline
introduction of human MECP2 in mice harboring the R255X mutation

9,26,27,44.

While increased expression of

MECP2 was able to correct a number of deficits in female Mecp2 R133C mice, three phenotypes, anxiety, motor
coordination and contextual fear conditioning, were mildly yet significantly “over-corrected”, and the resulting
phenotypes mirrored those of MDS model animals. These data are different from a previous report where

genetically increasing MeCP2 protein expression in female Mecp2 T158M or R255X mice reversed motor
coordination and contextual freezing to WT behavior levels

26,27.

Interestingly, despite lacking an anxiolytic

phenotype, the female Mecp2 R255X mice were unaffected with addition of the MECP2 transgene. However,
the R255X mutation is different from the R133C mutation in that no protein is produced in Mecp2 R255X mice
27.

Similarly, the T158M mutation decreases protein expression and renders the protein nonfunctional, causing

a more severe form of the disorder, similar to Mecp2 null animals

22.

Furthermore, the motor coordination

phenotype observed in the Mecp2R133C/+ mice with the MECP2 transgene was different from a previous study
showing that virally-delivered MeCP2 post-symptom onset improved attenuated motor behavior in Mecp2Null/+
mice 9, as well as a recent report that pre-symptom onset delivery of viral MeCP2 did not affect motor coordination
in Mecp2Null/+ mice 44. Nonetheless, these previous studies are all in agreement with our results showing that, in
Mecp2Null/+ mice, addition of the MECP2 transgene reversed attenuated anxiety and performance in motor
coordination and contextual freezing tasks to levels seen in WT littermates. Altogether, our data suggest that the
development of MDS-like phenotypes is due to the impact that the R133C MeCP2 mutation has on therapeutic
index.
We believe that this study provides important information regarding the feasibility of increasing MeCP2
expression in mosaic female RTT model mice engineered to have a common hypomorphic mutation in MeCP2.
Our findings illustrate the promise of MeCP2-targeted therapies for male and female RTT patients with an R133C
MECP2 mutation. However, our data suggest that careful consideration may be required to avoid adverse effects
when considering dosage of prospective MeCP2-based therapeutics in female R133C RTT patients, as
preserved function may result in a narrowing of the therapeutic window. One caveat to our studies is that our
genetic approach increases MeCP2 levels from conception, which is different from current MeCP2-targeted
treatment strategies that deliver viral MeCP2 after disease onset. It has been hypothesized that post-mitotic
neurons may be more forgiving with regard to the amount of MeCP2 that can be delivered before adverse effects
present. It is unknown whether this same caveat can also be applied to efficacy, where post-mitotic neurons
could be less responsive to a 1x increase in MeCP2 protein. Future experiments will be required to determine if
either scenario is true, and, if so, what impact this has on therapeutic development. In summary, this study
contributes valuable safety data to ongoing efforts to develop MeCP2-targeted therapeutics that are both safe

and effective. Furthermore, these studies highlight the need for similar investigations in other pathological
hypomorphic mutations of RTT, and their inclusion in preclinical development efforts.
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Figure Legends:
Figure 1: RTT-like neurological phenotypes are observed in male and female Mecp2 R133C mice.
(A) Attenuated weight across all ages (5-11 week-old males (n=11-28 per genotype), and 5-25 week-old females,
n=14-25 per genotype)). (B-F) Mecp2 R133C mice exhibited hindlimb clasping (representative images shown,
B), attenuated acoustic startle response to a 120dB stimulus (C), decreased latency to fall on an accelerated
rotarod (D), normal spontaneous locomotor activity in the open field task (E), and increased time spent in the
open arms of an elevated zero maze (F). n=15-33 per genotype in males, n=18-32 per genotype in females.
Mixed-effects analysis with Sidak’s post-hoc test, or unpaired t-test. *within-genotype comparison. *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001. WT = filled or patterned black bars or closed or open black circles. Mecp2
R133C = filled or patterned purple bars or closed or open purple triangles. Male = filled, closed. Female =
patterned, open.

Figure 2: Male and female Mecp2 R133C mice exhibit differential phenotypes in social preference,
contextual fear conditioning, and respiratory function.
(A) Contrary to WT littermates that spend more time with novel (pink) than familiar (white) mice in a 3-chamber
social preference task, Mecp2 R133C mice did not show preference for the novel mouse. (B) Only male
Mecp2R133C/y displayed decreased percent freezing in contextual fear conditioning 24 hours after training. (C-D)
Increased apneas were observed in Mecp2 R133C mice, both quantitatively and qualitatively as shown in
representative whole-body plethysmography traces. (E-G) Mecp2 R133C mice exhibited normal respiratory
parameters for breathing frequency, inspiratory time and expiratory time. n=13-29 per genotype in males, n=2130 per genotype in females. 2-way ANOVA with t-test post-hoc, or unpaired t-test. *within-genotype comparison.
ns (not significant), *p<0.05, **p<0.01, ****p<0.0001. WT = filled or patterned black bars. Mecp2 R133C = filled
or patterned purple bars. Male = filled, closed. Female = patterned, open.

Figure 3: Basal MeCP2 protein expression in Mecp2 R133C mice varies by brain region in Mecp2R133C/y
mice and is unchanged in Mecp2R133C/+ mice.
(A) Total MeCP2 protein is unchanged in the cortex and cerebellum of Mecp2R133C/y mice but is decreased in the
hippocampus. (B) Compared to WT littermates, Mecp2R133C/+ mice express normal total MeCP2 levels in the

cortex (CTX), cerebellum (CER), and hippocampus (HPC). Total expression is a sum of WT and R133C mutant
MeCP2 levels. n=5-6 per genotype. Unpaired t-test. *p<0.05. WT = filled or patterned black bars. Mecp2 R133C
= filled or patterned purple bars. Male = filled, closed. Female = patterned, open.

Figure 4: Impact of MECP2 transgene on MeCP2 protein expression in Mecp2 R133C mice.
(A-F) Compared to WT littermates, male and female MECP2Tg1/o mice demonstrate increased MeCP2 expression
in the cortex, cerebellum and hippocampus. Addition of the MECP2 transgene in Mecp2R133C/y and Mecp2R133C/+
mice increased total MeCP2 protein in the cortex and cerebellum, but not in the hippocampus. Total expression
is a sum of WT and R133C mutant MeCP2 levels. n=5-6 per genotype. 1-way ANOVA with Tukey's post-hoc
test. Overall p-value indicated at the top of each graph. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. WT = black
bars or circles. MECP2Tg1/o = blue bars or squares. Mecp2 R133C = purple bars or triangles. MECP2Tg1/o; Mecp2
R133C = green bars or diamonds. Male = filled or closed. Female = patterned or open.

Figure 5: Wild-type MECP2 corrects abnormal behaviors observed in Mecp2R133C/y mice.
(A-E) Weight deficit (n=11-32 per genotype) (A), hindlimb clasping (n=16-31 per genotype) (B), attenuated
acoustic startle response (14-29 per genotype) (C), lack of social preference (n=15-30 per genotype) (D), and
increased apneas (n=16-32 per genotype) (E) in Mecp2R133C/y mice were normalized in MECP2Tg1/o; Mecp2R133C/y
mice. Male MECP2Tg1/o mice also exhibited normal behavior in these assays when compared to WT littermates.
Representative hindlimb clasping and apnea traces are shown. Mixed-effects analysis, or 1- or 2-way ANOVA
with Tukey's or t-test post-hoc. ns (not significant), **p<0.01, ***p<0.001, ****p<0.0001. WT = filled black bars or
circles. MECP2Tg1/o = filled blue bars or squares. Mecp2R133C/y = filled purple bars or triangles. MECP2Tg1/o;
Mecp2R133C/y = filled green bars or diamonds.

Figure 6: Bi-directionally affected phenotypes are reversed in Mecp2R133C/y mice after expression of an
MECP2 transgene.
(A-C) Opposing phenotypes were observed in MECP2Tg1/o and Mecp2R133C/y mice in anxiety-related behavior
(n=16-32 per genotype) (A), motor coordination (n=16-33 per genotype) (B), contextual fear learning and
memory (n=13-29 per genotype) (C). Introducing the MECP2 transgene in Mecp2R133C/y mice normalized these

phenotypes to WT levels. 1-way ANOVA with Tukey's post-hoc test. *p<0.05, **p<0.01, ****p<0.0001. WT = filled
black bars or circles. MECP2Tg1/o = filled blue bars or squares. Mecp2R133C/y = filled purple bars or triangles.
MECP2Tg1/o; Mecp2R133C/y = filled green bars or diamonds.

Figure 7: Additional wild-type MECP2 normalizes a subset of phenotypes in Mecp2R133C/+ mice.
(A-E) MECP2Tg1/o; Mecp2R133C/+ mice exhibited similar weight (n=14-26 per genotype) (A), hindlimb clasping
behavior (n=26-40 per genotype) (B), acoustic startle response (n=18-22 per genotype) (C), social preference
(n=25-31 per genotype) (D), and number of apneas (n=25-33 per genotype) (E) as WT littermates, illustrating a
reversal of abnormal phenotypes observed in Mecp2R133C/+ mice. Representative hindlimb clasping and apnea
traces are shown. Mixed-effects analysis, or 1- or 2-way ANOVA with Tukey's or t-test post-hoc. ns (not
significant), *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. WT = patterned black bars or open circles. MECP2Tg1/o
= patterned blue bars or open squares. Mecp2R133C/+ = patterned purple bars or open triangles. MECP2Tg1/o;
Mecp2R133C/+ = patterned green bars or open diamonds.

Figure 8: Mecp2R133C/+ mice with additional wild-type MECP2 develop MDS-like phenotypes in anxiety,
motor and cognitive assays.
MECP2Tg1/o and Mecp2R133C/+ or Mecp2Null/+ mice exhibited contrasting phenotypes in anxiety-related behavior (A,
D), motor coordination (B, E), and contextual fear learning and memory (D, F). (A-C) MECP2Tg1/o; Mecp2R133C/+
mice phenocopied MECP2Tg1/o mice and significantly differed from WT littermates, with enhanced anxiety (A),
motor coordination (B) and contextual freezing (C). n=21-40 per genotype. (D-F) In contrast, MECP2Tg1/o;
Mecp2Null/+ mice were indistinguishable from WT littermates and/or significantly different from MECP2Tg1/o. n=1319 per genotype. 1-way ANOVA with Tukey's post-hoc test. ns (not significant), *p<0.05, **p<0.01, ***p<0.001,
****p<0.0001. WT = patterned black or grey bars or open circles. MECP2Tg1/o = patterned blue bars or open
squares. Mecp2R133C/+ = patterned purple bars or open triangles. MECP2Tg1/o; Mecp2R133C/+ = patterned green
bars or open diamonds. Mecp2Null/+ = patterned pink bars or open triangles. MECP2Tg1/o; Mecp2Null/+ = patterned
orange bars or open diamonds.

