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Abstract
Objective
To report novel causal mutations, expanded clinical phenotypes, and clinical management of
DNA methyltransferase 1 (DNMT1)-complex disorder.

Methods
Neurophysiologic testing, imaging, and genetic findings were summarized in clinical context for
5 cases with DNMT1-complex disorder.

Results
We identified 2 novel DNMT1 mutations (p.E510K and p.P1546A) by whole-exome se-
quencing (WES). Case 1 (p.E510K) presented with childhood ataxia, treatment-refractory
seizures, and rapid cognitive decline in his 50s. Case 2 also had childhood onset and presented
with seizures, language regression, hearing loss, narcolepsy with cataplexy symptoms, optic
atrophy, sensory neuropathy, and hypogammaglobulinemia requiring IV immunoglobulin.
Case 2 (p.P1546A) was identified with a de novo and the first mutation residing outside the
targeting sequence domain. Case 3 (p.A570V) had paralytic asymmetric onset attacks triggered
by emotionality and lasting sometimes for weeks. Neuropsychological testing showed executive
dysfunction localizing to frontosubcortical and frontoparietal structures. He gradually de-
veloped left predominant brain atrophy. MRI showed T2 hyperintense lesions that enhanced
on T1 postgadolinium images, and brain PET showed hypometabolism in atrophied regions.
Case 4 (p.T497P) underwent left cochlear implant, resulting in significant hearing improve-
ments at all tested frequencies (250–6,000 Hz). Case 5 (p.Y511H) had profound gait ataxia
with posterior column atrophy of the spinal cord and abnormal evoked potentials primarily
affecting the fasciculus gracilis.

Conclusions
Broader application of WES further expands genotype-phenotype correlations of DNMT1-
complex disorder. Two mutations are identified with early childhood onsets. The expanded
new phenotypes include asymmetric brain hemiatrophy with parenchymal gadolinium en-
hancement, spinal cord atrophy, prolonged cataplectic spells, and hypogammaglobulinemia.
Hearing loss treatment by cochlear implantation is helpful and should be considered.
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DNA methyltransferase 1, encoded by the DNMT1 gene, is
the sole methyltransferase for maintaining methylation during
DNA replication and DNA repair.1,2 DNA methylation is an
epigenetic regulator crucial in embryonic development, im-
printing and genome stability, and cell differentiation.3,4

Mutations in this gene have been identified in 2 adult-onset
autosomal dominant neurodegenerative syndromes: (1) he-
reditary sensory autonomic neuropathy with dementia and
hearing loss (HSAN1E)5 and (2) autosomal dominant cere-
bral ataxia, deafness, and narcolepsy (ADCA-DN).6

Studies have shown that a triad of stereotypic clinical features is
commonly linked to both HSAN1E and ADCA-DN, including
sensory predominant neuropathy, sensorineural hearing loss,
and cognitive decline.7–9 Aside from the 3 core features, cases
can manifest with other symptoms at varied ages, including
cerebellar ataxia, narcolepsy, auditory and/or visual hallucina-
tions, optic atrophy, myoclonic seizures, and sudden personality
changes that may be labeled as a psychiatric disorder early on
and later a frontotemporal dementia (FTD)-like disorder.
Collectively, the wide spectrum of phenotypes due to DNMT1
mutation is termed as DNMT1-complex disorder. All cases
reported to date have mutations within the targeting sequence
(TS) domain of DNMT1 (exons 20 and 21). Only one case
(DNMT1p.N545del) had early onset at age 8 years, and this
case was also the only one who had hypogammaglobulinemia.10

Herein, we report the expansion of the phenotypic spectrum of
DNMT1-complex disorders including toddler onset with im-
munodeficiency, brain hemiatrophy, and favorable response to
cochlear implantation. In addition, 2 novel mutations were
found, including 1 residing outside the TS domain of DNMT1.

Methods
Phenotypic and genotypic characterizations were performed
in 5 probands from 4 American families and 1 Japanese family.
Clinical features of the cases are summarized below, and the
pedigrees are shown in figure 1. Three of the 5 cases were
diagnosed by whole-exome sequencing before DNMT1 was
considered as the causal gene. MRI of the brain and spinal
cord, PET brain imaging, sleep evaluations, and neurophysi-
ology were all variably used to phenotype cases.

Standard protocol approvals, registrations,
and patient consents
This study was approved by the Mayo Clinic Institutional
Review Board. The patients were consented for this study,
also for supplementary video content.

Data availability
All results are available on reasonable request.

Results
Novel mutation DNMT1p.E510K: Ataxia with
frequent childhood seizures and late-
onset dementia
The case had unsteady gait since early childhood. He was
never able to ride a bicycle due to balance problems. At age 14
years, he first experienced generalized tonic-clonic seizures.
The seizure frequency was 2–3 per year throughout childhood
and young adulthood despite antiepileptic medications, which
improved only after the initiation of perampanel around age
50 years. Around that time, his balance worsened with fre-
quent falls despite using a walker and canes. At age 59 years,
his ataxia worsened with frequent falls, inability to walk,
needing caregiver assistance for his daily activities. In addition,
alternating ankle, finger, and hand movements were un-
coordinated. Neurologic and audiology examination showed
severe memory impairment and moderate severe sensori-
neural hearing loss. He was diffusely areflexic. His nerve
conduction study showed significantly reduced amplitudes
with normal or minimally decreased conduction velocity,
supporting a sensory axonal polyneuropathy. MRI of the brain
showed diffuse brain atrophy including the superior cerebellar
vermis. His condition declined rapidly, and he died at age 61
years. The case’s father and father’s cousin had been given the
diagnosis of inherited neuropathy, but no clinical or genetic
details were available. Whole-exome sequencing (WES)
revealed a novel DNMT1 mutation p.E510K. This mutation
is absent in large genetic databases (gnomAD, 1000
Genomes, and Exome Variant Server [EVS])11–13 and shows
possibly damaging (PolyPhen-2), damaging (SIFT,
FATHMM, and fathmm-MKL), deleterious (LRT), disease-
causing (MutationTaster) effect through in silico analysis with
a Combined Annotation-Dependent Depletion (CADD)
score of 23.8.14–16 This variant is classified as pathogenic
variant.17

Novel de novo mutation DNMT1p.P1546A:
Immunodeficiency, narcolepsy, and
developmental regression with myoclonus
The case is currently aged 18 years and carries the novel
DNMT1 mutation p.P1546A. This is the first mutation re-
siding outside the TS domain. At 9-month checkup, he
appeared having met early developmental milestones, in-
cluding acquisition of multiple words. He soon, however,

Glossary
ADCA-DN = autosomal dominant cerebellar ataxia deafness and narcolepsy; CADD = Combined Annotation-Dependent
Depletion; CMT = Charcot-Marie-Tooth; DNMT1 = DNA methyltransferase 1; EVS = Exome Variant Server; FTD =
frontotemporal dementia; HSAN1E = hereditary sensory and autonomic neuropathy with dementia and hearing loss; IVIG =
IV immunoglobulin; SEP = somatosensory evoked potential; TS = targeting sequence; WES = whole-exome sequencing.
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regressed in language and stopped speaking. He exhibited
episodes of eyelid fluttering around 10 months and sub-
sequently generalized tonic-clonic seizures. The clinical and
EEG findings suggested a diagnosis of Landau-Kleffner syn-
drome, for which he was treated with levetiracetam. By age 11
years, he developed both hypersomnolence and emotion-

induced cataplexy lasting up to 2 minutes without epilepti-
form abnormality (Video 1, links.lww.com/NXG/A272).
Initially, cataplexy occurred monthly, but became daily later.
The case also developed action myoclonus. Polysomnogram
testing showed REM sleep without atonia, REM behavior
disorder (laughing and talking), and severe obstructive and

Figure 1 DNMT1 cases with new clinical and genetic insights

The probands are indicated by black arrows.
Other affected family cases are based on the
family history and genetic testing information.
Deceased cases are only based on the family
history.

Figure 2 Brain MRI shows hemiatrophy and T2 hyperintesities and enhancement on postgadolinium T1-weighted
sequences, DNMT1 p.A570V

(A and B) Brain hemiatrophy (arrows)
in this case with prolonged cata-
plectic events. (C–E) Abnormal T2
hyperintense signal in the brain cor-
tex, basal ganglia, and brainstem
(arrows) with enhancement post-
gadolinium (bottom). The T2 hyper-
intesity and enhancement is most
prominent on the cortical surfaces.
(E) Arrows are of T1 post gadolinium
enhancement in areas of cortical atro-
phy. (F) Fluorodeoxyglucose-PET with
signal normalized against the pons and
converted to standardized z-scores
demonstrating marked left brain hypo-
metabolism (green: mild; yellow: mod-
erate; and red: severe) in correlation
with the brain atrophy. Arrows indicate
regions of hyopometabolism.
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central sleep apnea. Hypersomnia did not improve with
nocturnal bilevel positive airway pressure use. The case’s
family declined CSF orexin testing for narcolepsy diagnosis.
Gait had been clumsy since the toddler years. By age 16 years,
he needed a walker and started to show rapidly progressive
hearing loss, requiring bilateral hearing aids. Around this time,
his vision also declined, and fundoscopic examination
revealed bilateral optic atrophy. At age 18 years, he uses
a wheelchair, requiring total care with a gastrostomy tube
placed due to aspiration. He has had chronic otitis, chronic
sinusitis, recurrent pneumonias, and bronchiectasis since
childhood. He was diagnosed with hypogammaglobulinemia
with impaired specific antibody response and was treated with
IV immunoglobulins (IVIGs).

Nerve conduction studies demonstrated an axonal sensory
neuropathy. MRI showed generalized cerebellar and cortical
atrophy with nonenhancing white matter T2 hyperintensities.
The p.P1546Amutation is absent in all large genetic databases
(gnomAD, 1000 Genomes, and EVS)11–13 and is predicted to
exert possibly damaging (PolyPhen-2), damaging (SIFT,
FATHMM, and fathmm-MKL), deleterious (LRT), disease-
causing (MutationTaster) effect through in silico analysis with
a CADD score of 25.1.14–16 Parental testing showed that the
mutation had arisen de novo. No other potential causative
mutations were identified by WES. This variant is classified as
pathogenic variant.17

DNMT1 p.A570V: Hemi-brain atrophy and
prolonged cataplectic attacks
The case was referred to us at age 37 years with DNMT1
mutation p.A570V (c.1709C>T) identified by whole-exome
sequencing.6 This mutation is absent in large genetic data-
bases (gnomAD, 1000 Genomes, and EVS)11–13 and shows
probably damaging (PolyPhen-2), damaging (SIFT and
fathmm-MKL), deleterious (LRT), disease-causing (Muta-
tionTaster) effect through in silico analysis with a CADD
score of 29.1.14–16 This variant is classified as pathogenic
variant.17 His first symptoms began at age 26 years when he
fell; within seconds, his right leg was paralyzed and paresis
spread to all 4 extremities. After this incident, he has experi-
enced 1–2 events (paresis of limbs) per month induced by
emotion stimuli, such as laughter, anger, or pain. The length of
attacks lasts from minutes to several weeks and required
hospitalizations. During the hospitalizations, perfusion and
diffusion brain MRIs ruled out central ischemic events.
Attacks were associated with speech arrest. Almost all attacks
were characterized by asymmetric onset with right leg first and
then extended to the arms. These episodes were captured by
EEG with no epileptiform activity but mildly reduced ampli-
tudes in interictal EEG wave forms and were felt to be con-
sistent with cataplexy with possible status cataplectic events to
explain his more prolonged episodes of weakness. He was
HLA-DBQ1*06:02 negative.

The case had brain MRIs 7 times from age 27 to 37 years,
which showed progressive brain volume loss, many small foci

of gadolinium enhancement involving cortical regions and
bilateral cerebellum and basal ganglia, also confluent en-
hancement of the bilateral pons and bilateral thalami, figure 2.
EEG showed background slowing in the left hemispheric
regions prominently that correlates with areas of hypo-
metabolism by fluorodeoxyglucose-PET scan and atrophy of
the left hemisphere on MRIs. His sleep testing was consistent
with narcolepsy with 4 sleep-onset REM periods.

At age 37 years, he scored in the normal range on the Mon-
treal Cognitive Assessment (28/30). However, neuro-
psychological testing showed executive dysfunction localizing
to frontosubcortical and frontoparietal structures, consistent
with poor organizational skills at home and work. He has
increasingly been having difficulties at work due to somno-
lence and pseudobulbar effect. Audiometry at age 32 years was
normal bilaterally, and nerve conduction study did not show
evidence of polyneuropathy. However, hearing loss and pe-
ripheral sensory neuropathy tend to occur at later stages for
ADCA-DN.6

Cochlear implant dramatically improves
hearing loss in DNMT1-complex disorder
We have been following a previously reported case with de
novo p.T497P mutation who is currently aged 39 years.7

DNMT1p.T497P mutation is absent in large genetic data-
bases (gnomAD, 1000 Genomes, and EVS)11–13 and showed
probably damaging (PolyPhen-2), damaging (SIFT,
FATHMM, and fathmm-MKL), deleterious (LRT), disease-
causing (MutationTaster) effect through in silico analysis with
a CADD score of 31.14–16 This variant is classified as

Figure 3 Audiogrampre- and postcochlear implant DNMT1
p.T497P case

Marked improvement in hearing was demonstrated after left cochlear
implant.
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pathogenic variant.17 She developed progressive hearing loss,
axonal sensory neuropathy, memory decline, behavioral dis-
turbance, hypersomnolence, and myoclonus, which all began
in her early 20s. Hearing loss was an initial presenting feature
and worsened over time. At age 38 years, her audiometry
revealed bilateral severe sensorineural hearing loss (figure 3).
In the best aided condition with a signal to noise ratio of 10 dB
hearing level, the case has a speech perception score of 30%. A
left cochlear implant surgery was performed. She tolerated the
stimulation levels and reported that she could hear the beeps.
Two months after surgery, she started participating in con-
versations and reported to hear the neighbors’ dog barking
across the street, something she could not do previously. She
also reported that her balance was improved. The audiograms
showed dramatic improvement (figure 3), but her memory
declines progressed, limiting the benefits of the procedure.

DNMT1p.Y511H: Predominant spinal cord
atrophy affecting the posterior column
DNMT1p.Y511H mutation is absent in large genetic data-
bases (gnomAD, 1000 Genomes, and EVS)11–13 and showed
probably damaging (PolyPhen-2), damaging (SIFT,
FATHMM, and fathmm-MKL), deleterious (LRT), disease-
causing (MutationTaster) effect through in silico analysis with
a CADD score of 24.8.14–16 This variant is classified as
pathogenic variant.17 The 50-year-old case developed bilateral

sensorineural hearing loss in his mid-30s. By his mid-40s, he
had symmetrical decrease of sensations below his knees with
painless ulcers in both feet. At age 47 years, he failed to sense
bone fracture on his toes, but did not have abnormalities in his
hands. His cognition was only mildly affected by age 50 years
with slight amnesia. His Mini-Mental State Examination score
was 25/30 (Serial 7’s 1/5, Recall 2/3) and Wechsler Adult
Intelligence Scale–Third Edition (TIQ 76, VIQ 86, PIQ70).
Frontal lobe dysfunction was prominent (inattention and
decreased processing speed), but without behavioral or per-
sonality changes. Cerebellar examination was largely intact,
but his heel to shin testing was impaired by severe pro-
prioception deficit. Sural nerve sensory response was still
present with normal median and ulnar sensory nerve action
potentials. However, somatosensory evoked potential (SEP)
was absent in lower extremity while the upper limbs were
relatively normal. This SEP finding was in line with the spinal
cord atrophy with posterior column degeneration on MRI
(figure 4).

Discussion
To date, a total of 18 DNMT1 causal mutations (missense
or small deletions) have been described, all within the TS
domain of DNMT1.18 Herein, we identified 2 novel

Figure 4 Somatosensory defect of DNMT1 p.Y511H with sensory gait ataxia

(A) The case showedprofound gait ataxia and relatively preserved extremity sensory examination and absent tibial evoked potentials despite borderline sural
sensory amplitude at 2 μV with relative N9 to N13 prolongation and cortical prolongation recorded at median sensory. (B) Sagittal MRI of the spinal cord
showing pronounced cord atrophy. (C and D) Most pronounced was the atrophy at thoracic levels shown on axial T1 and T2 images at the T10 spinal level.
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mutations of DNMT1 through WES, one of them is de novo
and located outside of the TS domain (table). The range of
our imaging and neurophysiologic data and cochlear im-
plantation experience is valuable in not only diagnosis but
also management of cases with DNMT1 mutations. Our
study emphasizes that the highly variable phenotypes of
DNMT1-complex disorder create significant challenges in
clinical diagnosis, as illustrated by the fact that 3 of the 5

cases underwent WES to ascertain the diagnosis. The highly
variable spectrum of clinical, pathologic, and electrophysi-
ologic phenotypes demonstrates dynamics of focally afflic-
ted neural tissues in each case. This demands a better
understanding how these mutations interact with local tis-
sue environments to the development of neural pathology
in the disease, including also in children as demonstrated in
this study.

Table Phenotypes and genetics of patients with DNMT1-related neurologic disorders

Phenotype Phenotypic features
Nucleotide
change

Protein
change

Within
TS
domain References

HSAN1E + varied
additional features

Typical HSAN, + one with renal failure kidney atrophy, +
asymmetric leg lymphadenopathy

c.1106G>T p.C369F Y Baets et al.7

HSAN1E +
additional features

Typical HSAN + prominent behavioral change initially confused
for schizophrenia, auditory and visual hallucinations

c.1489A>C p.T497P Y Baets et al.7

HSAN1E +
additional features

Typical HSAN, + daytime sleepiness without narcolepsy, +
elevated lactate after exercise and baseline

c.1520C>G p.P507R Y Moghadam
et al.9

HSAN1E Typical HSAN phenotype c.1520C>T p.P507L Y Baets et al.7

HSAN1E +
additional features

Typical HSAN, + one with atonic spells c.1518_
1520delTCC
ins ATA

p.Asp506_
Pro507 del ins
GluTyr

Y Klein et al.5

ADCA-DN +
additional features

Typical ADCA-DN, + frequent tonic-clonic seizures c.1528G>A p.E510K Y Current
report

HSAN1E Typical HSAN, FTD-like symptoms c.1532A>G p.Y511C Y Klein et al.5

HSAN1E Typical HSAN, FTD-like symptoms c.1531T > C p.Y511H Y Klein et al.23

ADCA-DN + varied
additional features

Typical ADCA-DN, + postural and action myoclonus c.1562_
1564delAGA

p.Lys521del Y Moghadam
et al.9

HSAN1E + varied
additional features

Typical HSAN in Chinese patient, + cerebellar ataxia and motor
plus sensory neuropathy

c.1618T>A p.Y540N Y Zheng et al.24

HSAN1E + varied
additional features

Typical HSAN, + renal failure death 43 years old c.1618T>G p.Y540D Y Baets et al.7

HSAN1E + varied
additional features

Typical HSAN, + 8-year-old onset, atonic spells, cerebellar ataxia,
scleroderma, endocrinopathy, and common variable immune
deficiency

c.1635_
1637delCAA

p.Asn545del Y Fox et al.10

HSAN1E Typical HSAN c.1640T>A p.I547N Y Baets et al.7

HSAN1E Typical HSAN in a Japanese patient c.1706A>G p.H569R Y Yuan et al.25

ADCA-DN +
additional features

Typical ADCA-DN, + lymphadenopathy c.1709C>T p.A570V Y Winkelmann
et al.6

ADCA-DN + varied
additional features

Typical ADCA-DN, low CSF hypocretin, +HLA-DQB1 c.1786T>C p.C596R Y Pedroso
et al.26

ADCA-DN/HSAN1E Common features of both ADCA-DN and HSAN1E c.1792C>T p.R598W Y Catania
et al.27

ADCA-DN Typical ADCA-DN, + lymphadenopathy c.1814 G>C p.G605A Y Winkelmann
et al.6

ADCA-DN Typical ADCA-DN c.1816 G>T p.V606F Y Winkelmann
et al.6

HSAN1E/ADCA-DN
and
immunodeficiency

9-month-old onset, cataplexy, narcolepsy, sensory neuropathy,
hearing loss, myoclonus, immunodeficiency, and optic atrophy

c.4636C>G p.P1546A N Current
report

Abbreviations: ADCA-DN= autosomal dominant cerebellar ataxia deafness and narcolepsy; HSAN1E = hereditary sensory and autonomic neuropathy 1Ewith
sensory neuropathy, hearing loss, and cognitive involvement; TS = target sequence domain.

6 Neurology: Genetics | Volume 6, Number 4 | August 2020 Neurology.org/NG

http://neurology.org/ng


The first novel DNMT1mutation p.E510K locates next to the
hot spot of Y511 (figure 5). This case had the triad of core
symptoms of DNMT1-complex disorder. He also developed
epilepsy with seizures and had rapid cognitive decline in his
late 50s. His father and a paternal cousin (both deceased) also
exhibited symptoms of Charcot-Marie-Tooth (CMT). We
have seen that CMT diagnosis was initially given to cases with
DNMT1-complex disorder, but broader clinical abnormalities
developed later may prompt the utilization of WES.7 It
remains to be possible that DNMT1 mutations may be
present in more cases with CMT diagnosis because their early
phenotype could be confined to the peripheral nerves.

All mutations reported to date that cause either HSAN1E or
ADCA-DN are within the TS domain of DNMT1. We
identified a novel de novo DNMT1 mutation p.P1546A
(figure 5) outside of the TS domain. This is the first mutation
identified within the catalytic domain of DNMT1. Besides the
3 core symptoms of DNMT1-complex disorder, the case
presented a more complex phenotype. This case also dis-
played hypogammaglobulinemia, making this the second
reported case with immune deficiency (the previously
reported case carried the p.N545del mutation). The link be-
tween aberrant epigenetic regulation and immunodeficiency
is well known.19 This case provides new insights that muta-
tions in the catalytic domain of DNMT1 may exert a more
deleterious effect, leading to early onset and complex
phenotype.

The case 3 with p.A570V (figure 5) mutation is unique as no
previous cases have had such prolonged cataplexy attacks,9

suggestive of status cataplectic events. The extensive en-
hancement without much signal abnormality on T2 or FLAIR
resembled an inflammatory or perivenular process, leading to

an early suspicion of an autoimmune disorder. IVIG and high-
dose pulse steroid treatment did not yield any improvements.
His differential diagnoses included a demyelinating processes,
low-grade lymphoma, vasculitis, and chronic lymphocytic
inflammation with pontine perivascular enhancement re-
sponsive to steroids (CLIPPERS),20 which were all excluded
by laboratory testing and follow-up clinical examinations.
Cerebral hemiatrophy syndromes can present with variable
neurologic symptoms including mitochondrial encephalopa-
thy. Indeed, DNMT1 was shown involved in methylation of
mitochondrial DNA21 and DNMT1-complex disorder shared
common phenotypic traits of mitochondrial encephalomyo-
pathies. Both cases 2 and 3 were tested negative for HLA-
DBQ1*06:02, a genotype strongly associated with idiopathic
narcolepsy.

Although the exact pathogenesis of deafness in cases with
DNMT1mutations is uncertain, it is likely the consequence of
both cochlear and retrocochlear dysfunction. The hearing loss
could stem from damage of sensory cells in the inner ear, or
damage of the auditory nerve, or a combination of both.
Whether cochlear implantation can significantly improve
hearing loss due to DNMT1 mutation was not known pre-
viously. The case with DNMT1 p.T497P showed dramatic
improvement after cochlear implantation surgery. Her expe-
rience also indicated that an early implantation before sig-
nificant cognitive decline is likely to have more beneficial
effects on quality of life.

DNMT1 p.Y511H was previously reported in 2 kindreds
where both probands had prominent FTD-like symptoms
with behavior and personality changes but without significant
memory loss.22 The case 5 manifested with a severe sensory
ataxia that localized primarily to posterior columns of the

Figure 5 DNMT1 mutations based on protein location

Cases with mutations at A570 and P1546 had
cataplexy with narcolepsy. All mutations were
within the targeting sequence domain except
that P1546 residingwithin the catalytic domain of
DNMT1.
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spinal cord with largely preserved peripheral sensory nerve
functioning. Of interest, results from his nerve conduction
studies, SEPs, and spinal MRI indicated that his leg sensory
abnormalities were primarily resulted from tractopathy orig-
inated from the central sensory pathways of the spinal cord
instead of peripheral nerves.

Although cases with DNMT1 mutations are still rare, this
study evidently expands the spectrum of phenotypes and
emphasized the importance of WES application in complex
disorders. Previously recognized as an adult-onset neurode-
generative disorder, we now learned that cases with DNMT1-
complex disorder can have young onset. Two new causal
mutations were identified both with childhood onset and
novel phenotypes. We also provided an intervention option
for hearing loss in DNMT1-complex disorder. It is conceiv-
able that more pathogenicDNMT1mutations will be found in
cases with complex phenotypes, which would also yield im-
portant insights how the methylation contributes to neural
development and maintenance.
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