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Abstract

Mutations in BRATI, encoding BRCA1-associated ATM activator 1, are associated with a severe
phenotype known as rigidity and multifocal seizure syndrome, lethal neonatal (RMFSL; OMIM #
614498), characterized by intractable seizures, hypertonia, autonomic instability, and early death.
We expand the phenotypic spectrum of BRATI related disorders by reporting on four individuals
with various BRATI mutations resulting in clinical severity that is either mild or moderate
compared to the severe phenotype seen in RMFSL. Representing mild severity are three
individuals (Patients 1-3), who are girls (including two sisters, Patients 1-2) between 4-10 years
old, with subtle dysmorphisms, intellectual disability, ataxia or dyspraxia, and cerebellar atrophy
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on brain MRI; additionally, Patient 3 has well-controlled epilepsy and microcephaly. Representing
moderate severity is a 15 month old boy (Patient 4) with severe global developmental delay,
refractory epilepsy, microcephaly, spasticity, hyperkinetic movements, dysautonomia, and chronic
lung disease. In contrast to RMFSL, his seizure onset occurred later at 4 months of age, and he is
still alive. All four of the individuals have compound heterozygous BRATI mutations discovered
via whole exome sequencing: ¢.638dupA (p.Val214Glyfs*189); ¢.803+1G>C (splice site
mutation) in Patients 1-2; ¢.638dupA (p.Val214Glyfs*189); ¢.419T>C (p.Leul40Pro) in Patient 3;
and ¢.171delG (p.Glu57Aspfs*7); ¢.419T>C (p.Leul40Pro) in Patient 4. Only the ¢.638dupA
(p.-Val214Glyfs*189) mutation has been previously reported in association with RMFSL. These
patients illustrate that, compared with RMFSL, BRATI mutations can result in both moderately
severe presentations evident by later-onset epilepsy and survival past infancy, as well as milder
presentations that include intellectual disability, ataxia/dyspraxia, and cerebellar atrophy.
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INTRODUCTION

Mutations in BRATI (MIM# 614506), encoding BRCAL-associated ATM activator 1, are
associated with a severe phenotype known as rigidity and multifocal seizure syndrome,
lethal neonatal (RMFSL; MIM# 614498), which is inherited in an autosomal recessive
manner. RMFSL is characterized by microcephaly, rigidity, intractable focal seizures, apnea,
and bradycardia. Death can occur in RMFSL within several months after birth due to
cardiopulmonary arrest. EEG can reveal bilateral temporal and central spike activity,
multifocal seizures, background slowing, and absent posterior dominant rhythm
[Puffenberger et al., 2012]. Brain MRIs can be normal or reveal frontal lobe hypoplasia or
global atrophy. Neuropathology may show neuronal loss and gliosis in the corticobasal
region [Puffenberger et al., 2012; Saitsu et al., 2014].

To date, several distinct homozygous and compound heterozygous mutations in BRAT1
(NM_152743.3) have been identified among 15 patients with RMFSL or an RMFSL-like
phenotype (Figure 1, Table I). The homozygous mutations are as follows: ¢.638dupA
(p.Val214Glyfs*189), identified in Amish infants from Pennsylvania, Wisconsin, and
Kentucky [Puffenberger et al., 2012] and Moroccan siblings [van de Pol et al., 2015]; c.

453 454insATCTTCTC (p.Leul52llefs*70), identified in a Mexican neonate [Saunders et
al., 2012]; and ¢.1177delG (p.Ala393Leufs*3) [described in the publication as ¢.1173delG
(p-Leu391fs)], found in a brother and sister sib-pair born to consanguineous parents
[Straussberg et al., 2015]. Two BRATI mutations in the #rans configuration [c.176T>C
(p.Leu59Pro); ¢.962_963delTC (p.Leu321Profs*81)] were present in a Japanese child with a
phenotype consistent with RMFSL including dysmorphic features, hypertonia, progressive
microcephaly, optic atrophy, apnea, and neonatal-onset intractable seizures with burst
suppression pattern on EEG (Ohtahara syndrome), who also had cerebral and cerebellar
atrophy on brain MRI [Saitsu et al., 2014]. This child died at age 3 months from pneumonia.
She had a sister who was similarly affected and died at 1 year of age, but from whom DNA
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was unavailable for confirmatory testing. Interestingly, there are two reported patients with
compound heterozygous BRATI mutations who have an initial presentation similar to
RMFSL with the exception of long term survival. One is 6 years old [c.294dupA
(p.-Leu99Thrfs*92); ¢.1925C>A (p.Ala642Glu)][Mundy et al., 2015], and the other is almost
4 years old [c.294dupA (p.Leu99Thrfs*92); ¢.1825C>T (p.Arg609Trp)][Hanes et al., 2015].

In this report, we expand the clinical spectrum of BRATI related disorders by presenting
four patients with compound heterozygous BRAT1 mutations who, in contrast to the severe
phenotype of RMFSL, have a mild (in three of the patients) and moderate (in one of the
patients) clinical course. The mild clinical course is characterized by intellectual disability
(ID), ataxia, and cerebellar atrophy, sometimes in combination with microcephaly and
epilepsy. The moderate clinical course is characterized by features similar to RMFSL but
with survival past infancy, later onset epilepsy, and continued development. We propose that
BRAT1 mutations confer a spectrum of disease severity ranging from mild to severe.

CLINICAL REPORT

Patient 1 and Patient 2

Patient 1 and Patient 2 are sisters who presented for evaluation of ataxia and developmental
delay. The family history is negative for other individuals with neurodevelopmental
disorders. Full siblings include an unaffected sister and three unaffected brothers as shown in
Figure 2A-B.

Patient 1—Patient 1 is currently 10 years old and presented initially between the ages of 1-
2 years with global developmental delay. Her prenatal and neonatal course was
uncomplicated. In terms of motor development, she started crawling at 16 months of age. By
2 years 3 months of age, she was able to pull to stand, cruise, and climb on to the couch; she
could not walk but was able to stand with support. By 3 years of age, she could stand
independently for 10 seconds. By 5 years 5 months of age, she could walk with one hand
held, and 5 months later, she could walk with a walker. In terms of language and cognition,
at 2 years 3 months, she was nonverbal but smiling and interactive. She communicated her
needs by whining and pointing, demonstrated 10-15 signs but no words, understood “no”,
and pointed to at least 8 body parts. By 3 years of age, she could say several single words
that were dysarthric. By 5 years 10 months of age, she could also say all the letters of the
alphabet and knew some colors. At 7 years 1 month of age, she could write out her name and
draw a circle. From a behavioral standpoint, she developed disruptive behaviors since around
5 years of age, including defiance and hitting/biting others when upset. She did not have
episodes concerning for seizures, so EEG was not performed.

On general examination, her growth parameters have been normal including head
circumference (25t centile). Her dysmorphisms include epicanthal folds, slightly high
arched palate, tented upper lip, and bilateral 51 finger clinodactyly (Figure 2E). Her cranial
nerves showed no deficits apart from pendular nystagmus. She exhibited early hypotonia
which improved with age. There was no evidence of rigidity. She had normal strength,
reflexes, and sensation. Since 2 years 3 months of age, she has had dysmetria and truncal
titubation. At 5 years 10 months of age, her gait was wide-based and ataxic.
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Patient 2—Patient 2 is currently 6 years old and presented initially between the ages of 1-2
years with developmental delay after an unremarkable prenatal and neonatal course. Her
motor development was as follows: at 15 months of age, she was able to cruise, and at 3
years 4 months of age, she could walk with a walker. Her language was also delayed. She
could babble and say several words specifically at age 15 months. At 2 years 1 month of age,
she had a 15-word vocabulary in addition to possessing some sign language. At 3 years 4
months of age, she could point to body parts, identify one color, and recite letters of the
alphabet. By this point, she also had spells of extreme anger, requiring greater than expected
amounts of time to settle down after becoming agitated. By 5 years 3 months of age, she had
developed staring spells and rapid mood swings; three hour EEG was normal with no
epileptiform discharges or lateralizing signs.

On general examination, her growth parameters have been normal, except for microcephaly
(2" centile). She has epicanthal folds, slightly high arched palate, tented upper lip, bilateral
5t finger clinodactyly, and a wide face (Figure 2E). At 4 years 3 months of age, she had
developed dysarthric speech and pendular nystagmus; otherwise her cranial nerves were
intact. She was diffusely hypotonic from an early age, but her tone improved in the lower
extremities with time. She did not have rigidity. She had normal strength, reflexes, and
sensation. She exhibited the following cerebellar findings: At 1 year 8 months of age, she
had dysmetria in her upper extremities. By 2 years 1 months of age, she had developed a
slight activity-induced tremor. She had poor balance but could stand on her toes. At 4 years
3 months of age, she continued to have a fine tremor and dysmetria and also exhibited
truncal titubation. She could walk with support, with a tendency to toe walk.

Patient 3 is currently 4 years 4 months old and presented to Neurology at age 5 months of
age for evaluation of microcephaly, delayed gross motor skills, and delayed visual
maturation, subsequently diagnosed as cortical visual impairment. She was born at term to
non-consanguineous parents, and she has 3 older healthy siblings (Figure 2C). In terms of
her motor development, she rolled at 7 months, cruised at 18 months, and walked
independently at 2 years 4 months. She could make consonant sounds, babble, and follow
some 1-step commands, but at 3.5 years of age, she was using only 1-2 words, signing
“more”, and indicating desires with gaze or by pointing with her hand. She is very happy,
social, and interactive with peers and family.

At age 3 years 2 months, she developed episodes of staring unresponsively for 10 to 15
seconds with associated autonomic changes of pallor, blotchiness, and perioral cyanosis. Her
EEG showed frequent 3—4 Hz generalized spike and wave complexes (without clinical
correlate) that resolved together with her clinical seizures when treated with ~60 mg/kg/day
of levetiracetam.

On physical exam, her height and weight have been normal while her head circumference
has grown consistently close to 2" centile. She has a flat facial profile, no true epicanthal
folds, and bilateral 5th finger clinodactyly (Figure 2E). At her most recent visit at 4 years 4
months, she was very social and visually interactive; she followed simple commands; and
she was able to bring a person by the hand to obtain objects she wanted. She has a persistent
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right esotropia, with mild amblyopia by formal ophthalmology exam treated with part time
patching. She has mild optic nerve hypoplasia, with decreased visual acuity bilaterally. She
had a relative paucity of facial expression/movement. Her motor exam has shown moderate
appendicular rigidity, unchanged since 5 months of age, but tendon reflexes were normal.
She demonstrated dyspraxia with fine motor skills but did not have true ataxia. She used a
near mature pincer to grasp small objects. She had a rigid and wide-based gait with flexed
arm posture and no arm swing, and she could walk well but not run.

Patient 4 is currently 15 months old and was first evaluated for hypertonia and mild
microcephaly at birth (HC 32 cm). His parents are non-consanguineous. Pregnancy was
complicated by oligohydramnios, but he was born at term. At 2.5 months, he was
hospitalized due to increased work of breathing. By 1 year of age, he developed head
control, could briefly sit, and started reaching intermittently. In terms of language, he smiles
spontaneously and was cooing by 5 months of age. More recently, he has stopped vocalizing
because of tracheostomy and continuous ventilation.

He first presented with tonic seizures at 4 months of age, and he had episodes of focal
electrographic status epilepticus on EEG. His epilepsy has remained refractory with seizure
semiology predominantly apneas, at times with subtle stiffening. He has required multiple
anti-epileptic drugs and ketogenic diet, which triggered protein losing enteropathy and was
discontinued. EEGs over time have shown seizures, generalized and focal bi-posterior
quadrant slowing, and multi-focal epileptiform activity.

He has cortical visual impairment and dysphagia requiring G-tube feeding. He has
significant intermittent asymptomatic bradycardia and hypothermia. Non-epileptic apnea/
hypoventilation and chronic lung disease led to tracheostomy and chronic mechanical
ventilation.

His growth parameters have shown progressive microcephaly (most recently —3.5 SD),
normal weight, and normal height. He has borderline downslanting palpebral fissures,
supraorbital fullness, slightly flattened nose, and low-set and posteriorly rotated ears with
mildly cupped upper helices (Figure 2E). He has severe dry skin. He is alert at times and
attempts to vocalize. He does not consistently track and has intermittent dysconjugate gaze.
He has axial hypotonia and symmetric hypertonia with spasticity and variable rigidity in all
extremities. Tendon reflexes are brisk and toes upgoing. He had uncoordinated hyperkinetic
movements at approximately 4-6 months of age, which resolved over time. Videos have
shown him sitting with minimal support.

Neuroimaging in patient 1 showed prominent cerebellar folia which remained unchanged
from 2 to 3 years (Figure 3A-B). Neuroimaging in patient 2 showed progressive
enlargement of the cerebellar interfolial spaces from 8 months to 1 year and 6 months
compatible with cerebellar atrophy (Figure 3C-D). Neuroimaging in Patient 3 was reported
as normal at 5 months, but showed enlargement of the cerebellar interfolial spaces
compatible with cerebellar atrophy and mildly delayed myelination on repeat brain MRI
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scans at 21 months and 4 years 3 months (Figure 3E—F). Neuroimaging in patient 4 at 1 day
of life showed normal structures but subtle non-specific T2 hyperintensities. Repeat MRI at
4.5 months of age was notable for mild global cerebral volume loss with prominence of the
sulci and secondary enlargement of the lateral ventricle, but normal cerebellar structures
(Figure 3G).

Extensive genetic and metabolic testing prior to WES was normal for all the patients with
two exceptions. In patient 1, CGH array showed a de novo 26 kilobase duplication on
chromosome 17p13.3 that encompasses exons 2-5 of the YWHAE gene. This duplication
was not present in patient 2 and hence does not segregate with the sisters’ phenotype. In
addition, Patient 4 had an inherited deletion at 17p13.2, not thought to explain his clinical
presentation.

METHODS

For Patients 1 and 2, WES on the affected sisters and their mother was performed by Ambry
Genetics on genomic DNA (gDNA) isolated from whole blood. Exome library preparation,
sequencing, bioinformatics, and data analysis were performed as previously described
[Farwell Gonzalez et al., 2015; Gandomi et al., 2014; Farwell et al., 2015]. Briefly, samples
prepared using either the SureSelect Target Enrichment System (Agilent Technologies, Santa
Clara, CA) [Gnirke et al., 2009] and sequenced using paired-end, 100-cycle chemistry on the
Illumina HiSeq 2000 (lllumina, San Diego, CA). The sequence data were aligned to the
reference human genome (GRCh37), and variant calls were generated using CASAVA and
Pindel [Ye et al., 2009]. Stepwise filtering included the removal of common SNPs,
intergenic and 3'/5" UTR variants, non-splice-related intronic variants, and lastly
synonymous variants. Variants were then filtered further based on family history and
possible inheritance models. Data are annotated with the Ambry Variant Analyzer tool
(AVA). Candidate alterations were confirmed using automated fluorescence dideoxy
sequencing. Co-segregation analysis was performed using each available family member.

For Patient 3, WES on the affected girl and both parents was performed by GeneDx on
gDNA isolated from whole blood. Samples were prepared using Agilent Clinical Research
Exome kit for sequence capture, and sequenced using 100bp paired-end reads on an Illumina
HiSeq 2000 (Illumina, San Diego, CA). Sequence data were aligned to the reference human
genome (GRCh37), and analyzed for sequence variants using a custom-developed analysis
tool (Xome Analyzer). Capillary sequencing was used to confirm all potentially pathogenic
variants.

For Patient 4, sequencing of the affected child was performed by Claritas Genomics, using
genomic DNA isolated from whole blood. Two orthogonal sequencing approaches were
undertaken: (1) whole exome sequence capture using the lon Ampliseq Exome Kit with HiQ
chemistry, followed by sequencing on the lon Proton (Thermo Fisher), and (2) large-scale
capture of 4,813 genes of established medical significance using the TruSight One kit
(IMlumina), followed by 150 bp paired-end sequencing on the MiSeq (lllumina, San Diego,
CA). lon Proton sequence data underwent alignment and variant calling using Torrent Suite
software v4.4 (Thermo Fisher). Illumina MiSeq sequence data underwent alignment and
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variant calling using MiSeq Reporter (Illumina). Mean target coverage achieved for patient 4
was 134X (Proton Ampliseq) and 310X (MiSeq TruSight One), respectively. Variant data for
the two platforms was combined using tools custom-developed by Claritas Genomics
(Combinator, manuscript in preparation). Variant annotation, filtering, and interpretation was
conducted in collaboration with the clinical team using an interpretive pipeline provided by
Claritas and WuXi NextCODE. Sanger sequencing was used to confirm and phase all
potentially pathogenic variants.

In each of the four patients, WES identified compound heterozygous mutations in BRAT1
(NM_152743.3). Patients 1 and 2 have the following BRATI mutations: ¢.638dupA
(p.Val214Glyfs*189) and ¢.803+1G>C (splice site mutation). The mother was heterozygous
for the frameshift mutation only. Sanger sequencing in the other family members
demonstrated that the father was heterozygous for the splice site mutation. The unaffected
sister was heterozygous for the splice site mutation, two unaffected brothers were
heterozygous for the frameshift mutation, and the third unaffected brother had neither
mutation. The ¢.638dupA (p.Val214Glyfs*189) variant is seen at a very low frequency in the
general population, particularly among those with European ancestry: 0.00051 allele
frequency in non-Finnish Europeans in Exome Aggregation Consortium (EXAC; http://
exac.broadinstitute.org) and 0.00085 allele frequency in European Americans in the Exome
Variant Server (EVS; http://evs.gs.washington.edu/EVS/). The ¢.803+1G>C variant is not
observed in EXAC or EVS.

Patient 3 is compound heterozygous for ¢.638dupA (p.Val214Glyfs*189) and ¢.419T>C
(p.Leul40Pro). Parental analysis was performed to determine that the variants are in trans
configuration in the proband, with the frameshift mutation being paternally inherited, and
the missense mutation maternally inherited. The proband’s siblings are asymptomatic and
have not been tested. The ¢.419T>C (p.Leul40Pro) is not observed in EXAC or EVS.
Leu140 lies within a domain of the BRAT1 protein that is predicted to form an Armadillo-
type fold (InterPro; http://www.ebi.ac.uk/interpro/protein/Q6PJG6), and Leul40 is
evolutionarily conserved across multiple species (Figure 4). Alterations to proline are often
structurally impactful due to imposition of backbone constraints, and consistent with this,
p.Leul40Pro is predicted to be probably damaging by PolyPhen2 (score of 1.000) [http://
genetics.bwh.harvard.edu/ggi/pph2], deleterious by SIFT (score of 0) [http://
sift.jevi.org/www/SIFT _enst_submit.html], and disease-causing by MutationTaster [http://
www.mutationtaster.org/].

Patient 4 is compound heterozygous for ¢.171delG (p.Glu57Aspfs*7) and ¢.419T>C
(p.Leul40Pro). Parental analysis was performed to determine that the variants are in trans
configuration in the proband, with the frameshift mutation paternally inherited and the
missense mutation maternally inherited. The ¢.171delG (p.Glu57Aspfs*7) variant is not seen
in EXAC or EVS.
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DISCUSSION

The BRAT variants in these four patients are likely pathogenic. For Patients 1-2, the c.
803+1G>C alteration has not been previously reported but is expected to be deleterious,
since it was thought to alter a canonical splice donor site. The ¢.638dupA
(p.Val214Glyfs*189) alteration has been previously reported in the homozygous state in
patients with RMFSL among Amish and Moroccan families. Patient 3 has the ¢.638dupA
(p.Val214Glyfs*189) mutation on one allele, but the other allele is a novel missense variant.
Patient 4 has this same novel missense mutation, in addition to a novel frameshift mutation.
None of the novel variants have been reported in EXAC or EVS.

Our patients expand the clinical spectrum of BRAT I-related disorders. Collectively, the
phenotypes of Patients 1-3 differ from that of RMFSL and appear to represent a mild form
of BRAT1 related disorders. All three of these patients have shared dysmorphisms, ID,
ataxia or dyspraxia, and cerebellar atrophy. However, the cardiopulmonary problems or
dysautonomia originally reported in the Amish subjects was prominently absent. Notably, all
three are alive, well into childhood, and acquiring new developmental skills over time.

Patient 4 manifests in part some features of RMFSL, but in contrast to the earliest reports of
RMFSL, there is slightly increased survival, slowed development, and later onset of epilepsy
(4 months of age). Thus, it would be reasonable to categorize his presentation as moderate in
severity relative to the severe deteriorating clinical course reported originally with RMFSL.
The presentation of Patient 4 is similar to two other patients with BRAT1 mutations and
RMFSL-like phenotype who were reported alive in childhood [Mundy et al., 2015; Hanes et
al., 2015].

There are a few possibilities why there may be a spectrum of severity associated with
BRATI mutations. First, our patients may have inherited certain variants upstream or
downstream of BRAT1-related pathways that are modulating their phenotype. Second, with
respect to Patients 1 and 2, while the ¢.803+1G>C mutation likely alters splicing patterns, it
is not known to what extent this alteration leads to aberrant expression of mRNA from that
allele. For example, splice site mutations in the ATP7A gene may result in Menkes disease
or a milder form known as Occipital Horn Syndrome (OHS) [Skjgrringe et al., 2011]. Thus,
in the two sisters, it is possible the BRAT1 allele affected by the splicing variant may be
hypomorphic which ameliorates the phenotype. Third, with respect to Patients 3 and 4, who
share a common missense mutation [c.419T>C (p.Leul40Pro)], the mutation on the other
allele may be modulating the severity. Phenotypic variability is common in epilepsy genetics
and neurodevelopmental disorders [Olson et al., 2014], and it is likely that such may be the
case for BRAT1 as well.

The presence of cerebellar atrophy may be a hallmark of mild (Patients 1-3) but not
moderate (Patient 4) or severe BRAT related disease. In support of this notion, Patients 1-3
presented with, or eventually developed evidence of, cerebellar atrophy. Moreover, in the
literature, patients with BRATI mutations who were reported to be alive in childhood also
showed signs of cerebellar atrophy [Mundy et al., 2015; Hanes et al., 2015]. In contrast, with
previously reported patients of severe RMFSL associated with neonatal or infantile death,
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brain MRI showed either normal findings [Saunders et al., 2012; Straussberg et al., 2015],
frontal lobe hypoplasia [Puffenberger et al., 2012], or global atrophy [Saitsu et al., 2014; van
de Pol et al., 2015]. Given the period of rapid growth in postnatal cortical and cerebellar
development during the first two years of life [Knickmeyer et al., 2008], it is reasonable to
suggest that those with severe RMFSL may die before the cerebellar changes induced by
their BRAT1 defect become more prominent.

The interaction between BRAT1 and BRCA1 may have theoretical implications for
heterozygous carriers of BRATI mutations. For Patients 1 and 2, the family history is
notable for cancer in several maternal relatives: maternal grandmother with ovarian cancer at
age 49 who had negative BRCA1/2 mutation testing; two sisters of this maternal
grandmother (maternal great-aunts) with ovarian cancer diagnosed in their 30’s and 50’s
respectively, both now deceased; maternal great-grandmother (mother of maternal
grandmother) with breast cancer diagnosed in her 80°s, now deceased; one maternal great-
aunt (sister of maternal grandfather) with unspecified cancers (possibly ovarian or others)
who died in her 40’s. For patient 4, the family history is notable for maternal grandmother
with vulvar cancer. Autosomal dominant mutations in BRCA1 are associated with increased
risks of breast, ovarian, and other cancers [Antoniou et al., 2003; Tai et al., 2007]. For
parental carriers of BRAT1 variants, it is unclear whether their risk of developing
malignancy is increased. However, in light of the fact that tumor suppression by BRCA1
depends on its binding to BRAT1, a single defective copy of BRAT1 may not be sufficient to
result in full-fledged disease but may lead to reduced tumor suppression. There is precedent
for this phenomenon in ataxia-telangiectasia, an autosomal recessive disorder caused by
ATM mutations, which confer a moderately increased risk of breast cancer for female
carriers [Easton, 1994]. We were particularly concerned about this possibility in Patients 1-2
because of striking family history of early-onset ovarian cancer in the maternal grandmother
and two of her sisters. The maternal grandmother tested negative for the frameshift mutation,
indicating that our patient’s mother likely inherited the mutation from her father, who had a
sister die of cancer (possibly ovarian) in her 40’s. DNA was not available from this
individual, and further carrier testing was not performed in the family. Thus, this possible
relationship between BRATI mutation in heterozygous state and cancer susceptibility needs
to be studied further before a definite conclusion is made.

In summary, our patients demonstrate biallelic BRATI mutations causing mild and moderate
phenotypes. Patients 1-3 have a mild phenotype of non-lethal ID, non-progressive ataxia or
dyspraxia, and cerebellar atrophy, with well-controlled epilepsy in Patient 3. Patient 4 has a
moderate phenotype that resembles RMFSL except for longer survival, continued
development, and later onset of epilepsy. A BRAT1-related disorder should be considered,
with increased awareness of the phenotypic variability, in children with ID, non-progressive
cerebellar ataxia or dyspraxia, and cerebellar atrophy. We suggest renaming this spectrum
BRAT I-related neurodevelopmental disorders.
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