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Abstract

Cyclin-dependent kinase-like 5 (CDKLJ5) deficiency disorder (CDD) is caused by heterozygous
or hemizygous variants in CODKL5and is characterized by refractory epilepsy, cognitive and
motor impairments, and cerebral visual impairment. CDKL5 has multiple transcripts, of which
the longest transcripts, NM_003159 and NM_001037343, have been used historically in clinical
laboratory testing. However, the transcript NM_001323289 is the most highly expressed in brain
and contains 170 nucleotides at the 3’ end of its last exon that are non-coding in other transcripts.
Two truncating variants in this region have been reported in association with a CDD phenotype.
To clarify the significance and range of phenotypes associated with late truncating variants in
this region of the predominant transcript in the brain, we report detailed information on two
individuals, updated clinical information on a third individual, and a summary of published and
unpublished individuals reported in ClinVar. The two new individuals (one male and one female)
each had a relatively mild clinical presentation including periods of pharmaco-responsive epilepsy,
independent walking and limited purposeful communication skills. A previously reported male
continued to have a severe phenotype. Overall, variants in this region demonstrate a range of
clinical severity consistent with reports in CDD but with the potential for milder presentation.

Keywords

CDKLS5; alternative transcript; phenotypic spectrum; whole genome sequencing; transcripts;
epileptic encephalopathy

1 INTRODUCTION

Heterozygous or hemizygous pathogenic loss-of-function variants in CDKL5 are associated
with Developmental and Epileptic Encephalopathy 2 (MIM# 300672), which includes

early infantile epileptic encephalopathy (EIEE), hypotonia, developmental delay, intellectual
disability, motor disabilities, and cerebral visual impairment (CV1) (Fehr et al., 2013; Olson
etal., 2019; Tao et al., 2004; Weaving et al., 2004). As an X-linked disorder, CDKL5
Deficiency Disorder (CDD) is more common in females (Demarest et al., 2019; Fehr et

al., 2013). However, an increasing number of males with CDKLS5 deficiency have been
reported with a high rate of mosaicism and variable phenotypes (Siri et al., 2021; Stosser

et al., 2018). While genotype-phenotype correlations in CDD are not yet well-defined,

late truncations and some specific missense variants have been associated with a milder
developmental phenotype but not necessarily milder epilepsy (Fehr et al., 2015; Fehr, Wong,
etal., 2016; MacKay et al., 2021).
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The interpretation of CDKL5 variants is complicated by the multiple transcripts that

result from alternative splicing of the gene (Hector et al., 2016). Historically, the longest
transcripts (e.g., NM_003159 and NM_001037343) were used by several clinical genetic
testing laboratories for variant reporting. However, two recent reports of de novo pathogenic
variants in CDKL5 were not reported initially on clinical testing reports due to the lack of
evidence for the clinical relevance of this transcript at the time of testing (Bodian, Schreiber,
Vilboux, Khromykh, & Hauser, 2018; Schoch et al., 2020). Each variant was located in
non-coding regions of the NM_003159 transcript but led to premature stop codons in the last
exon of the NM_001323289 transcript, which is the most abundant isoform expressed in the
brain (Hector et al., 2016; Williamson et al., 2012).

In this report, we characterize the variants and phenotype of individuals with truncating
variants identified in the region of CDKL5 unique to the 3’ end of the predominant transcript
in the brain. We add two newly reported individuals with such variants identified by research
or clinical whole genome sequencing (WGS), provide updated clinical information for a
previously published individual, and describe one additional published individual reported in
ClinVar.

2 METHODS
Study Approval.

Patient 1 and his parents were enrolled in the Undiagnosed Diseases Network (UDN) at
Baylor College of Medicine (BCM). This study was approved by the Institutional Review
Board (IRB) at the National Institutes of Health and Baylor College of Medicine. Patients

2 and 3 were enrolled in a CDKLS5 clinic-based observational research study approved by
the Boston Children’s Hospital IRB, and patient 2 was enrolled in the Rare Genomes Project
approved by the Massachusetts General Brigham IRB. Informed consent for each participant
was obtained prior to all research procedures under these protocols.

WGS (Patient 1).

Trio clinical WGS was performed through the Illumina iHope Program on extracted

DNA with sequencing-by-synthesis (SBS) next generation sequencing (NGS). The data
were aligned and reported according to build 37.1 (Hg19) of the Human Reference
Genome (http://www.nchi.nlm.nih.gov/projects/genome/assembly/grc/human/). The genome
was sequenced to an average of =30 fold coverage. Over 99% of the genome was covered
at 10-fold coverage or more and at least 97% of the genome was callable (passes all quality
filters). Small insertion and deletion events (e.g., insertions up to 31 bases and deletions up
to 27 bases) were detected and reported for this case. Variants were filtered and evaluated
based on multiple factors including population allele frequency, variant consequence,
evolutionary conservation, occurrence in a gene with a well-established gene-disease
relationship, occurrence in a gene whose disease association overlaps with the patient’s
reported phenotype, and inheritance mode, as appropriate. Variant nomenclature is based
on standardized Human Genome Variation Society (HGVS) conventions. Copy number
variants (CNVs) greater than 10 kb were also assessed and are reported with standardized
International System for Human Cytogenetic Nomenclature (ISCN) nomenclature. Clinical
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interpretation was performed on small variants and CNVs of interest in accordance with
the American College of Medical Genetics and Genomics guidelines. Further research
reanalysis of the trio WGS data was performed within the UDN with Codified Genomics
variant analysis software (www.codifiedgenomics.com). Data were filtered to identify a list
of rare variants with a frequency of <0.01 in gnomAD (https://gnomad.broadinstitute.org/)
and <0.01 in our local UDN exome and genome database, consisting of more than 750
samples. Initial analysis was focused on variants that were either de novo or biallelic in
genes in which at least one variant was within the coding region or involved a canonical
splice site.

WGS (Patient 2).

Research trio WGS and data processing were performed through the Broad Center for
Mendelian Genomics by the Genomics Platform at the Broad Institute of MIT and Harvard.
PCR-free preparation of sample DNA (350 ng input at >2 ng/ul) was accomplished with
Illumina HiSeq X Ten v2 chemistry, and libraries were sequenced to a mean target coverage
of >30x. WGS data were processed through a pipeline based on Picard with base quality
score recalibration and local realignment at known indels. The BWA aligner mapped reads
to the human genome build 38. Single nucleotide variants (SNVs) and insertions/deletions
(indels) are called jointly across all samples with the Genome Analysis Toolkit (GATK)
HaplotypeCaller package version 4.0. Default filters were applied to SNV and indel calls by
the GATK Variant Quality Score Recalibration (VQSR) approach. Structural variants were
called with GATK-SV (Collins et al., 2020). Annotation was performed with Variant Effect
Predictor (VEP). Lastly, the variant call set was uploaded to seqr (seqr.broadinstitute.org) for
analysis where standard searches were applied filtering gnomAD and internal dataset allele
frequencies. The identified variant in CDKL5 was confirmed by CLIA Sanger sequencing
using standard methods.

WGS for patient 3 was published previously (Bodian et al., 2018).

Reported variants in CDKL5were converted to the RefSeq transcript NM_001323289.2

for consistency with Alamut Visual Plus version v1.4 | © 2021 SOPHIA GENETICS. This
transcript contains one additional exon in the 5’-UTR compared to NM_001323289.1, which
was an earlier version of the same transcript, used in a previous publication describing
patient 3 (Bodian et al., 2018). Exon 1 is present in biologically relevant transcripts and
when disrupted has been associated with a CDD phenotype (Bahi-Buisson et al., 2010;
Hector et al., 2016; Liang et al., 2011; Nemos et al., 2009). Exon 18 in NM_001323289.2 is
equivalent to exon 17 in NM_001323289.1.

3 PATIENT DATA
3.1 Patientl

Presentation and history (birth to 5 months): A 5-month-old boy was referred to
the genetics clinic for evaluation of epilepsy, hypotonia, developmental delay, and poor
visual response. Relevant perinatal history included intrauterine growth restriction during
pregnancy and term birth via caesarean section due to non-reassuring fetal heart rate tracing.
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Concerns were noted at age 3 months due to limited eye contact and poor visual tracking.
Shortly thereafter, the child was hospitalized with abnormal movements concerning for
seizures and hypotonia. During this hospitalization, an MRI identified a subdural hematoma.
History of trauma was ruled out. Electroencephalogram (EEG) during hospitalization
showed focal slowing and recurrent bilateral occipital spike discharge consistent with
epileptogenic foci. Levetiracetam was initiated, and the child remained seizure-free until

the time of initial evaluation (age 5 months).

Evolution (5 to 33 months): The patient’s development was delayed. He sat unassisted
at 14 months and walked at 28 months. At 30 months, he had a raking grasp and used

two words (“mom, dad”) and one sign (“more”). He was diagnosed with autism spectrum
disorder and CVI by 27 months. When evaluated at 33 months, the child had remained
seizure-free for over two years on levetiracetam. Weight and height were below the 10t
percentile. He had diffuse hypotonia and reduced deep tendon reflexes. Repeat EEG and
MRI were interpreted as normal.

Diagnostic testing: Chromosomal microarray (CMA) detected a 0.254 Mb maternally
inherited deletion involving NVELL 1 (maternally inherited). An epilepsy panel detected a
heterozygous variant of uncertain significance (VUS) in CLN8. Plasma and cerebrospinal
fluid (CSF) analyses were non-diagnostic. CSF neurotransmitter studies and metabolomics
revealed low 5-hydroxyindoleacetic acid (5-HIAA) (161 nmol/L, normal range 179-711)
and low homovanillic acid (HVA) (329 nmol/L, normal range 450-1132), but normal 3-O-
methyldopa (30MD) (153 nmol/L). From these results and the clinical picture, a diagnosis
of aromatic L-amino acid decarboxylase (AADC) deficiency was considered. However, trio
WGS did not identify causative variants in DDC, the gene related to AADC deficiency,

and the clinical WGS wias initially reported as non-diagnostic with no pathogenic or likely
pathogenic variants and no variants of uncertain significance in other known disease genes
consistent with the phenotype. Research reanalysis of trio WGS identified a hemizygous,
de novovariant in CDKL5 (NM_001323289.2: ¢.2762_2763delCA (p.Thr921ArgfsTer7))
and confirmed the maternally inherited deletion involving NELL 1 (Table 1). Given that this
is a WGS and given limitations with the current tools available for evaluating noncoding
variants, it is unclear whether one of the many noncoding variants of uncertain significance
detected may be contributing to or modifying the phenotype.

3.2 Patient 2

Presentation and history (birth to 3 months): A 3-month-old girl was referred to the
epilepsy clinic for a second opinion regarding seizures. Relevant perinatal history included
term vaginal birth, induced due to maternal hypertension. Concern for seizures began at

age 8 weeks. Seizure semiology at that time was described as focal tonic (bilateral arm
stiffening, right head and eye deviation evolving to bilateral tonic-clonic. EEG at time of
seizure-onset was abnormal due to left frontal sharp waves and a single right central onset
seizure with spread to the left central region, consisting of bilateral tonic-clonic activity.

Evolution (3 months to 3 years): Phenobarbital was initiated with remission of the
clonic seizure component. After 1 month of treatment, seizures remitted entirely for 3
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months. At 7 months, the child developed infantile spasms with hypsarrhythmia that was
refractory to adrenocorticotropic hormone (ACTH) but with subsequent electroclinical
remission on vigabatrin. Vigabatrin was discontinued after 3 weeks due to concerns for
oculogyric crisis. The oculogyric crisis resolved, infantile spasms did not recur, and repeat
EEG was normal. She had a 2-year period of seizure freedom and then developed atonic
seizures (head drops). An EEG at this time showed generalized and multifocal spikes,
continuous generalized slowing, a discontinuous pattern in sleep, and absence of normal
sleep architecture. Atonic seizures were treated effectively with valproic acid. As of the
last follow-up at 3 years, she remained seizure-free on treatment with valproic acid and
levetiracetam.

The patient’s development was delayed. She achieved head control at 1 month, rolled at 3
months, sat at 14 months, crawled at 19 months, walked at 25 months and began to climb
stairs with assistance at 3 years. By age 3 years, she had a unilateral right pincer grasp, used
four words, and understood simple commands. She used head and mouth movements for
non-verbal communication. She was diagnosed with autism spectrum disorder and CVI by
age 2 years.

Diagnostic testing: Urine amino acid analysis showed elevations of homocysteine (6.5
umol/g, normal range 0-2.5) and argininosuccinate (139 umol/g, normal range 0-74) in the
setting of a negative newborn screen that included argininosuccinate lyase deficiency. An
epilepsy gene panel (sequencing and deletion-duplication), which included CDKL5, and
CMA were non-diagnostic. Research trio WGS revealed a heterozygous de novo CDKL5
variant resulting in a premature stop codon in the alternative NM_001323289.2 transcript,
€.2842C>T, p.Arg948Ter, classified as pathogenic and confirmed clinically with Sanger
sequencing. No pathogenic or likely pathogenic variants in ASL or concerning variants of
uncertain significance in this gene were detected in the WGS.

3.3 Patient 3

Presentation and history (birth to 2 years, previously published (Bodian et
al., 2018)): Baby boy, born at term by uncomplicated delivery, presented at 2 weeks

with multiple daily bilateral tonic seizures, followed by a one-month period of seizure
freedom at age 4 months on levetiracetam, topiramate and clonazepam. At age 6 months,

he developed focal seizures (behavioral arrest, “gurgling” sound, variable eye deviation),
and at 7 months he developed infantile spasms. The EEG background was initially normal
but then deteriorated, showing disorganization, high-amplitude delta activity, and multifocal
epileptiform discharges. Infantile spasms did not respond to standard first line treatment
(ACTH and prednisolone) or ketogenic diet. MRI was initially interpreted as normal; repeat
imaging at age 25 months demonstrated mild diffuse volume loss.

At age 2 years, the child’s development was severely delayed and at the level of a 1-2
month-old. He exhibited profound hypotonia, intellectual disability, and CVI. Notable
medical surgical history included gastrostomy tube dependence, chronic lung disease, and
Nissen fundoplication.
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Evolution (2 to 8 years): At last follow-up at 8 years, drug-resistant epilepsy continued
with two main seizure types: clusters of epileptic spasms and brief tonic seizures and
clusters of myoclonic jerks (independently or following clusters of spasms and tonic
seizures). Seizure frequency was five per day on average, duration was up to 5-10 minutes,
and the child had been hospitalized recently for status epilepticus. He continued on
treatment with levetiracetam, valproic acid, clobazam and ketogenic diet. Additional failed
anti-seizure medications over time included oxcarbazepine, cannabidiol, and rufinamide.
EEGs at age 2.6 and 3.2 years showed hypsarrhythmia, and an EEG at 6.8 years confirmed
seizure type as clusters of epileptic spasms with intermixed brief tonic seizures.

At approximately 2-3 years of age, he developed some head control and ability to sit

with support, but these skills were not sustained. At last follow-up, fine motor skills were
limited, lacking grasping or purposeful hand movements. He was able to communicate

with a few gestures, facial expressions, and rare word approximations. He regarded faces
inconsistently but lacked visual tracking. He had alternating periods of sleeplessness and
periods of prolonged sleep for up to 24 hrs. He was fed through a jejunostomy tube from age
3 years, had hepatomegaly of unclear etiology, and had recurrent aspiration pneumonias and
chronic obstructive pulmonary disease.

Diagnostic testing: Metabolic and additional genetic testing were negative as previously
reported (Bodian et al., 2018). Trio WGS identified a de novo 2 base-pair deletion

(c.2828 _2829delGA (p.Arg943AsnfsTer1l)) in exon 18 of the COKL5NM_001323289.2
transcript.

3.4. Variants in ClinVar

The variant (c.2842C>T (p.Arg948Ter)) identified in patient 2 is classified as pathogenic in
Clinvar and was previously reported in a male with refractory epilepsy and developmental
regression (Table 1) (Schoch et al., 2020). Four additional unpublished variants producing
premature truncations in the 3’ region unique to this predominant transcript in the brain are
reported in ClinVar with limited clinical information (Supplementary Table 1). Three were
classified as pathogenic, all in the transcript NM_001323289.2. The first was ¢.2716C>T
(p.GIn906Ter), de novo, in a patient reported with early onset epileptic encephalopathy

2. Two variants, ¢.2785C>T (p.GIn929Ter) and c.2821del (p.Tyr941llefsTer12), were

each reported with unknown inheritance and reported phenotype of early infantile
epileptic encephalopathy 2 and Angelman syndrome-like. One of these variants (c.2821del
(p.Tyr941llefsTer12)) was also submitted to Clinvar as a variant of uncertain significance
with limited clinical information by another submitter. The other variant was reported as
likely benign, ¢.2733G>A (p.Trp911Ter), with unreported sex, inheritance and phenotype.

4 DISCUSSION

CDD more commonly affects females in whom X-inactivation results in a mixture of
affected and unaffected cells; however, an increasing number of affected hemizygous males
with germline or mosaic variants in CDKL5 have been described (Olson et al., 2019; Siri et
al., 2021; Stosser et al., 2018). A wide variety of pathogenic variants in CDKL5 have been
associated with the disorder, including missense variants in the N-terminal catalytic domain
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and frameshift or truncating variants located throughout the gene (Hector et al., 2017; Olson
et al., 2019). These variant types in relationship to functional domains in the protein are
visualized in figures in the literature, including well-established late truncations (Hector
etal., 2017; Olson et al., 2019). This report expands the spectrum of CDKL5 variants

to include late truncations unique to the predominantly expressed transcript in the brain
(NM_001323289), which are associated with a range of severity in clinical presentation
from mild to severe in both males and females. We describe one male and one female with a
developmental and epilepsy phenotype at the mild end of the spectrum for CDD and also a
previously published male with a persistent severe phenotype (Bodian et al., 2018).

CDKL 5has several known transcripts and alternatively spliced exons (Hector et al., 2016).
The CDKL5transcripts used previously in clinical testing laboratories (NM_003159 or
NM_001037343) contain 21 or 22 exons and differ only in the 5’ non-coding exons.
However, a truncated isoform of COKL5(NM_001323289) is the primary isoform
expressed in the brain and is considered to be more biologically relevant and also has
higher expression in other tissues relative to other transcripts (Williamson et al., 2012)
(Supplementary Figure 1). These three CDKL5 transcripts are similar in their 5’ coding
sequences; however, the NM_001323289 isoform with highest expression in brain does
not contain the last three coding exons (exons 19-21 in NM_003159 or exons 20-22

in NM_001037343). Pathogenic variants in these three exons have not been reported
previously (Hector et al., 2017; Olson et al., 2019). Moreover, the NM_001323289.2
transcript has an additional 170 nucleotides at the 3’ end of exon 18 compared to exon

18 of NM_003159 or exon 19 of NM_001037343 and is most similar to the transcript with
highest abundance in the central nervous system, ACDKL5 1, described by Hector et al.
(Hector et al., 2016; Williamson et al., 2012). The additional 170 nucleotides included in
exon 18 of NM_00132389.2 are contained within an intron of these other two transcripts
(Figure 1), and as a result, variants within this region were not reported previously by
clinical testing laboratories (Bodian et al., 2018; Schoch et al., 2020). Of note, no frameshift
or stop-gained variants in this 170 bp region appear in gnomAD supporting the hypothesis
that loss of function variants in this region are deleterious (Karczewski et al., 2020). Little
is known about the biological significance of these additional 170 amino acids except that
these residues reside in a disordered region that is enriched in polar amino acids.

We now report a total of 8 individuals with protein truncating variants in this 3’ region of
the predominant transcript in the brain, at least 7 of whom have a phenotype consistent
with CDD (the phenotype for the eighth individual is not reported). By updated ACMG
classification, these are classified as pathogenic or likely pathogenic (Table 1). For each

of the published patients including the individuals in this report, the CDKL5 variants were
missed on initial genetic evaluation due to the intronic location of the variants within the
canonical NM_003159 transcript used by clinical genetic testing laboratories (Bodian et al.,
2018; Schoch et al., 2020). Thus, it is critical that this region be considered in diagnostic
testing. To date, all reported pathogenic variants in this region are truncating, which is
consistent with prior literature suggesting that pathogenic missense variants are limited to
the N-terminal catalytic domain except for a single variant that disrupts splicing leading to
exon skipping (Hector et al., 2017). As these variants affect the last exon of the isoform, they
would be predicted to escape nonsense-mediated decay and produce a truncated protein.
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The phenotypic spectrum of individuals with variants in the 3" region of the brain-specific
transcript is consistent with that reported for CDD more broadly. However, each of our

two newly reported individuals (patients 1 and 2) has a relatively mild phenotype with
pharmaco-responsive epilepsy and developmental skills at the higher end of the reported
spectrum (MacKay et al., 2021; Olson et al., 2019; Siri et al., 2021). Both are independently
mobile and have purposeful communication skills, which are achievements reached by only
a minority of individuals with CDD (Demarest et al., 2019; Fehr, Downs, et al., 2016; Fehr
et al., 2015; Olson et al., 2021). Tone is normal or mildly low in both patients. In contrast,
patient 3 continues to have drug-resistant epilepsy, severe developmental impairment, and
severe hypotonia. Notably, three of the four variants within the 170 bp region at the most

3’ end of exon 18 in CDKL5that have been submitted to Clinvar are associated with early
infantile epileptic encephalopathy (Supplementary Table 1). CVI is a feature reported in all
three patients presented here and is a common feature in CDD with a range of severity
(Brock et al., 2021; Olson et al., 2021).

Limited literature supports a milder developmental phenotype in association with late
truncations CDKL5in females. However, a recent report found that individuals (females
and males) with late truncating variants had higher CDD clinical severity scores (more
severe phenotype) despite better functional abilities, and seizure frequency was higher in one
study (Fehr et al., 2015; Fehr, Wong, et al., 2016; MacKay et al., 2021). A recent review

by Siri et al. summarized the clinical findings of 50 males with variants in CDKL5 (Siri et
al., 2021). Although none of these patients had reported variants in the extra 170 nucleotide
region of the COKL5NM_001323289.2 isoform, two of the patients were described with a
milder developmental phenotype, four had seizures responsive to anti-epileptic medication,
and many patients were reported to have autism spectrum disorder. Additional studies have
not shown differences in developmental scores of males overall compared to females, but
power was limited by small samples size, and there was a high degree of variability in males
(Brock et al., 2021; MacKay et al., 2021; Olson et al., 2021; Olson et al., 2019). It has been
reported that post-zygotic CDKL5 variants occur in 9% of patients with CDD overall but

in 32% of males (Olson et al., 2019; Siri et al., 2021). Mosaicism may account, at least
partially, for the phenotypic variability in males, although no evidence of somatic mosaicism
was noted in the trio WGS sequencing of patient 1. While the relatively mild phenotype of
patients 1 (male) and 2 (female) may be attributed to the late truncation, a mild phenotype

is not universal for variants in this region. In patient 2, the milder phenotype relative to the
previously published patient with the same genotype may be explained, at least partly, by
her sex given the X-linked inheritance pattern associated with this disorder. Conversely, the
variant observed in patient 2 was previously published in a male with severe phenotype, and
the severe phenotype in patient 3 has persisted as the patient has grown older (Bodian et al.,
2018; Schoch et al., 2020). Additionally both patients with a mild phenotype are at an age
where a honeymoon period with relative seizure control has been reported (median 20-24
months of age, median duration 4-6 months) and thus additional time is needed to determine
epilepsy outcomes (Bahi-Buisson et al., 2008; Fehr, Wong, et al., 2016; Kobayashi et al.,
2021; Olson et al., 2019).

In conclusion, truncations in the 3’ region of the predominant CDKL5 transcript in the brain
(NM_00132389) are relevant clinically and associated with a phenotype consistent with
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CDD with a range of severities. It is critical that clinical diagnostic laboratories assess for
variants in this transcript.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NM_003159.3 t 41 1 !
(canonical)

NM_001323289.2
(predominant in

brain)
(M)
p.Arg943AsnfsTer11
(Bodian et al.)
This publication (M, F)
(M) p.Arg948Ter
_ p.Thr921ArgfsTer7 (Schochetal.)
Published This publication This publication
Variants Exon18 I
NM_003159.3 |[a| ]*
NM_001323289.2 IL]QlL]PlG]l:lM[DlPlcl\:lulv]slslvlTIRIS]AI\‘]EIG]PISIVIS]EIQ'ILIGIAIxIslGl?lNlGINIPI:INIRITINIRIisIMlPlNlLlNID]LIK[EITIAILI'I
Clinvar Exon18 u () )
Variants p.GIn906Ter p.Trp911Ter p.GIn929Ter p.Tyr941llefsTer12
Figurel.

Cartoon representation of two of the relevant CDKL5 transcripts with magnification of the
170 bp region at the 3’ end of exon 18 in CDKL5 (NM_001323289.2). The canonical
transcript, which was historically used by many reference laboratories (NM_003159.3),

is shown in comparison to the predominant transcript in the brain (NM_001323289.2).
The location of the Clinvar variants are provided below the transcript and the location of
published variants are above the transcript. Boxes represent individual amino acids. Letters
in parentheses indicate the sex of the patient if known. (F = female, M = Male, U =
Unknown).
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