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by normal delivery. Her birth parameters included weight 2,930 g,
length 47 cm, and occipitofrontal circumference 30 cm. Develop-
mental delay was not noticed before 10 months of age. She was able
to sit without support at 14 months of age. She showed stereotyped
behavior, including hand wringing and finger sucking. Eye contact
was poor. She was initially diagnosed with Rett syndrome (RTT).
She suddenly lost consciousness and dropped her head slowly. She
was diagnosed with epilepsy, and she was treated with valproicacid.
Her EEG showed diffuse spike-wave and polyspike-wave bursts.
Brain MRI study at 4 years of age with routine T1-weighted and T2-
weighted imaging showed delayed myelination and enlarged lateral
ventricles. No signal abnormalities indicating iron accumulation
existed (Fig. la,b).

At 5 years of age, physical examination identified a series of
dysmorphic features, including hypertelorism, epicanthal folds,
flat nasal bridge, bilateral low-set ears, downslanting palpebral
fissures, short philtrum, high palate, downturned mouth and
micrognathia (Fig. 2). Hearing was normal. She showed spasticity
of the lower extremities. She was unable to walk independently.
Her mental development was significantly delayes. She had no
communicative language. She could reach objects and shift toys
between hands. Behavioral abnormalities, including bruxism,
finger sucking, temper outbursts were observed. Her height was
111 cm (0.3 SD), weight was 19.5cm (0.4 SD) and head circum-
ference was 49 cm (—0.9 SD).

She showed constantly increased serum enzymes. The level of
aspartate transaminase (AST, 62-106 U/L; nl <32 was higher than
that of alanine transaminase (ALT, 13—20 U/L; nl <31). Serum
creatine kinase (CK), aldolase and neuron specific enolase (NSE)
were also mildly elevated. Investigations for metabolic disorders
and routine cytogenetic studies were normal. Molecular studies for
RTT and array-comparative genomic hybridization (array-CGH)
analysis gave normal results. We therefore planned a proband-

parent trio approach using whole exome sequencing. Asaresult, she
was diagnosed with BPAN.

At 6 years of age, T2*-weighted MR imaging and T2 star-
weighted angiography (SWAN) demonstrated hypointense signals
in the GP and SN (Fig. 3a—d). We assume that these signals indicate
iron accumulation. Routine T1-weighted and T2-weighted imag-
ing showed only cerebral atrophy.
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MATERIALS AND METHODS

Exome and Sanger Sequencing

Informed consent was obtained from the parents, in accordance
with the Declaration of Helsinki, and the study was approved by the
ethics committee of Osaka Medical Center and Research Institute
for Maternal and Child Health (Osaka, Japan) and The University
of Tokushima (Tokushima, Japan).

Genomic DNA was obtained from peripheral-blood leukocytes by
standard methods, captured with the TrueSeq™ Exome Enrichment
Kit (lumina, San Diego, CA), and sequenced with three samples per
lane on a HiSeq 1000 platform (Illumina) with the 101-bp paired-end
reads. Image analysis and base calling were performed with sequence
control software real-time analysis and CASAVA software v1.8
(INumina) with default parameters. Reads were aligned to the human
genome assembly hg19 (GRCh37) as a reference with the Burrows-
Wheeler Alignment tool (BWA) 0.6.1. (http://bio-bwa.sourceforge.

net/). Duplicate reads were marked using Picard 1.7.5 (http://picard.
sourceforge.net/) and excluded from downstream analysis. Local
realignments around indels and base quality score recalibration were
performed with the Genome Analysis Toolkit (GATK) 1.6 (http://
www.broadinstitute.org/gatk/). Single-nucleotide variants and small
indels were identified using the GATK UnifiedGenotyper and filtered
according to the Broad Institute’s best-practice guidelines. Variants
that passed the filters were annotated using snpEff V3 (http://snpeft.
sourceforge.net/index.html) and ANNOVAR (http://www.open-
bioinformatics.org/annovar/). After merging the VCF files of all
members of the family, we filtered variants to exclude those present
in dbSNP132 (http://www.ncbi.nlm.nih.gov/projects/SNP/) and the
1000 genomes project database (http://www.1000genomes.org/)
with average heterozygosity >0.01. Summary of the exome sequenc-
ing performance is as shown in Supplementary Table SI (see Sup-
porting Information online). Sanger sequencing confirmed each
variant identified.
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X-Inactivation Analysis

The X-inactivation pattern was studied using the human androgen
receptor (HUMARA) assay [Kubota et al., 1999]. Briefly, genomic
DNA from the subject and control females was digested with two
methylation-sensitive enzymes, Hpall and Hhal. PCR was performed
using a primer pair of FAM-labeled HUMARA 1F: CCAGAATC
TGTTCCAGAGCGTGC and HUMARA 1R: CTCTACGATGGG
CTTGGGGAGAAC. Fluorescently labeled products were analyzed
on an ABI PRISM 3500 Genetic Analyzer with GeneMapper Software
version 4.0 (Life Technologies, Carlsbad, CA).

RESULTS

All the novel nonsynonymous and frameshift variant calls were
subjected to direct nucleotide sequence analysis using Sanger se-
quencing for confirmation. Candidate variants corresponding to de
novo events or an autosomal recessive model, including compound
heterozygosity are shown in Supplementary Table SII (see Support-
ing Information online). We evaluated the pathogenic significance
of each variant. Among the candidate variants, she had an early
termination codon in exon 11 of the WDR45 gene due to a non-sense
mutation (c.C868T:p.Q290X). We confirmed this mutation in
WDR45 by direct nucleotide sequence analysis using a primer
pair of WDR45 1F: TCTCAAGGATACCCGCCTC and WDR45
1R: ATGACAGAGTTGACGTTCTTG (Supplementary Fig. S1—see
Supporting Information online). This mutation was not observed in
her parents or in the central resource recently provided to archive
and display Japanese genetic variation determined by exome se-
quencing of 1,208 Japanese individuals (Human Genetic Variation
Browser from Japanese genetic variation consortium, http://www.
genome.med.kyoto-u.ac.jp/SnpDB). Since mutations causing early
termination around the mutated site in this patient were frequently
observed in other cases of BPAN (1-3), the observed mutation of
WDR45 (c.C868T:p.Q290X) seems to cause BPAN in this patient.

As shown by Saitsu et al. [2013], X-inactivation analysis with
genomic DNA from peripheral leukocytes showed a marked skew-
ing pattern (96:4) in the patients compared with her mother
(50:50). However, it is unknown whether the wild-type allele
underwent X inactivation in the leukocytes as well as brain tissues
of the patient.

DISCUSSION

Using whole exome sequencing, we have identified a de novo non-
sense mutation in the WDR45 gene, which is likely to cause BPAN,
in the 6-year-old Japanese girl with a series of dysmorphic features,
severe developmental delay, and epilepsy. She showed RTT-like
features. Characteristic MRI findings of BPAN were evident at
6 years of age. Since there are no reports of the dysmorphic features
of BPAN, it is unclear whether these features are common to other
patients. Further detailed analysis of BPAN cases will be needed,
although it is possible that other genetic variations/alterations
observed in this patient may modify phenotypes of BPAN.
Patients with BPAN are reported to begin walking at 2—3 years of
age [Haacketal.,2012; Hayflick etal., 2013; Saitsu et al., 2013]. Most
patients are described as a clumsy child with a broad-based or ataxic

gait. Some patients show spasticity. Our patient could not walk
alone, but could stand with support at 6 years of age. The motor
disability in our patient seems to be more severe than in the reported
patients. Severe delay in language development is a constant feature
in BPAN. Our patient had no communicative language and poor
eye contact. Subjects reported by Saitsu et al. [2013] showed some
stereotype movements such as hand wringing or flapping. Seven
female patients of 23 BPAN cases reported by Hayflick et al. [2013]
were suspected to have the atypical RTT, two of whom had
repetitive midline hand-wringing behavior. Our patient also had
been initially diagnosed with RTT, although preserved hand move-
ment, dysmorphic features and spasticity were distinct from typical
RTT patients. Verhoeven etal. [2014] showed that neuropsychiatric
symptoms within the autistic and affective spectrum were present in
the early phase of the disease. They reported that progressive
cognitive and motor deterioration with dystonia and Parkinson
symptoms emerge in the course of BPAN.

Through examination of autopsied RTT brains, hypofunction of
the nigrostriatal dopamine neurons is proposed to be involved in
modulating posture and locomotion [Segawa, 2005]. In addition,
dystonia and Parkinsonism are commonly seen in older RTT
patients [FitzGerald et al., 1990] and BPAN, indicating that SN
dysfunction is involved in both RTT and BPAN. Although several
features, for example, progressive microcephaly, have never been
reported in BPAN, it is recommended that BPAN is considered
in the patients with atypical RTT for differential diagnosis, and
WDR45 is analyzed before ages having typical brain MRI findings
[Hayflick et al., 2013].

Serum AST, CPK, aldolase and NSE were mildly elevated.
Abnormalities in laboratory data were not described in previous
reports. Although the pathophysiologic mechanisms of elevated
serum enzymes and their significance in the pathogenesis of BPAN
remain unclear, it is possible that defects in the normal autophagic
process caused by mutated WDR45 were associated with the
elevation of serum enzymes through functional abnormalities in
targeted tissues/organs.

Ohba et al. [2014] reported sequential brain MRI in a patient
with BPAN. They reported that iron deposition in the GP and the
SN was observed as early as 11 years of age. No aggravation of
the neurological status was seen at that time. In our patient,
T1-weighted and T2-weighted imaging showed only delayed mye-
lination and an enlarged lateral ventricle. Iron accumulation in the
GP and SN was not evident by these routine imaging. However,
T2*-weighted MR imaging and SWAN revealed ion accumulation
in the GP and SN at 6 years of age, indicating iron accumulation to
bealready present as early as this age. We suppose that high sensitive
imaging methods including T2*-weighted MR imaging and SWAN
are suitable for early detection of iron in BPAN patients.

In conclusion, we reported on a BPAN patient with a novel
WDR45 mutation before the onset of neuronal degeneration.
Clinical manifestations in the first decade may mimic RTT,
although the specific facial features and lack of microcephaly are
distinct from MECP2-positive RTT patients. Elevation of serum
AST, aldolase, CPK and NSE may result from abnormal autophagy.
T2*-weighted MR imaging and SWAN may allow early detection of
iron accumulation in the GP and SN as early as 6 years of age. These
findings will be clues to diagnose BPAN before the appearance of
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stereotypic features. Further studies are necessary to demonstrate
early manifestations of BPAN.
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" We developed a next-generation sequencing (NGS) based mutation
screening strategy for neurodevelopmental diseases. Using this system, we

screened 284 genes in 40 patients. Several novel mutations were discovered.

Patient 1 had a novel mutation in ACTB. Her dysmorphic feature was mild
for Baraitser-Winter syndrome. Patient 2 had a truncating mutation of
DYRKIA. She lacked microcephaly, which was previously assumed to be a
constant feature of DYRKJA loss of function. Patient 3 had a novel mutation
in GABRD gene. She showed Rett syndrome like features. Patient 4 was
diagnosed with Noonan syndrome with PTPNII mutation. He showed
complete agenesis of corpus callosum. We have discussed these novel
findings.
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Despite many recent studies focusing on discovering
the genetic basis of neurodevelopmental diseases, it is
still largely unknown, We developed a next-generation
sequencing (NGS) based mutation screening strategy.
We screened 284 genes known or predicted to be asso-
ciated with neurodevelopmental disorders with micro-
cephaly/macrocephaly, central nervous system (CNS)
anomalies and intellectual disability (1D).

Materials and methods

We studied 40 patients with neurodevelopmental disor-
ders. They were negative for conventional cytogenetic

studies and microarray analysis. With the approval of

our institutional ethics committee, the patients were ana-
lyzed using this targeted sequencing. The genomic DNA
of each patient was extracted from peripheral blood using
extraction kit. Detail of the cell sample preparation was
described in Supporting information.

Target gene sequencing

Three microgram of each sample DNA was sheared to
150-200bp using the Covaris DNA Shearing System
(Wobum, MA, USA). To capture the target exonic DNA,
we used the SureSelectXT Custom capture library (Agi-
fent, Santa Clara, CA) for 1.6 Mb of exons of neuronal
gene capture. The sequence library was constructed
with the SureSelect XT Target Enrichment System
for Hlumina Paired-End Sequencing Library kit (Agi-
lent) according to the manufacturer’s instructions. We
performed DNA sequencing of either 76- or 101-bp
paired-end reads using the Hlumina Genome Analyzer
IIx (IMumina, San Diego, CA) and HiSeq 2000 sequencer
(ITumina, San Diego, CA).

Single nucleotide variation (SNV) calling

NGS reads were aligned to the Human reference genome
(GRCh37/hgl9). We then excluded polymerase chain
reaction (PCR) duplicates, and extracted reads uniquely
mapped to the reference genome that were properly
paired within the insert size within mean+2 stan-
dard deviation (SD) of the mean. Base calling was
performed in on-target regions, those regions within
100bp upstream and downstream of the exon capture
probes. SNV and insertion and deletion (indel) calling
were performed using SAM TooLs and GATK software.
We excluded known variants found in database. We
then narrowed the candidates to only non-synonymous,
nonsense and splice site SNVs and frame shift indels.
More details of method for variant calling are described
in Supporting information.

NGS base-call quality check

To analyze the quality of our base-calling algorithm,
we used genotypes from HapMap database (release
#28, obtained from ftp:/ftp.ncbinlm.nih.gov/hapmap/
genotypes/2010-08_phasell+I11/).  Sanger sequence
validation of SNVs was performed using Applied

2

Biosystems 3730x] DNA Analyzer (Life Technologies,
Carlsbad, CA).

Results

To identify the causal mutation for neuronal diseases,
we designed custom capture probes for the exons of 284
neuronal genes (Table S1, Supporting information). We
performed targeted genes sequencing using these probes
and generated 1.7 Gb of sequence on average. The aver-
age read depth of the on-target regions was 608. To
check the quality of our NGS base calls, we sequenced
HapMap-JPT NA18943 using the same method as the
other samples, and compared our NGS calls with the
released genotype of the HapMap consortium. The geno-
types for 3129 locations were comparable between the
two data sets. All but 16 of the 3129 genotypes were con-
cordant between our NGS calls and the HapMap data. We
validated these mismatched 16 positions using Sanger
sequencing and all 16 were consistent with our NGS calls
(Tables S2 and S3). On the basis of this, we estimate the
false positive and false negative rate of our SNV calling
to be <0.032% (<1/3129).

Clinical reports

In all patients, developmental quotient (DQ) was mea-
sured using the Kyoto Scale of Psychological Develop-
ment test.

Patient 1 with ACTB mutation

The 3-year-old female was born at 37 weeks of gestation
by normal delivery. Her developmental milestones were
markedly delayed. She sat unsupported at 18 months of
age. Recently, she walked with support. She spoke sev-
eral meaningful words. Her DQ was 39 at 2years of
age. Physical examination identified dysmorphic fea-
tures, including a flat face, arched eyebrows, narrow
palpebral fissures, low-set posteriorly rotated ears and a
thin upper lip. Ophthalmological investigation revealed
no colobomata. Her height was 86.3 cm (—0.8 SD), and
weight was 12.3 kg (mean). Her head circumference was
50cm (+1.2 SD) at 2 years and 6 months of age. Neuro-
radiological investigations revealed enlarged lateral ven-
tricles, decreased white matter volume and pachygyria
dominant in the frontal lobe (Fig. 1a,b).

A novel missense was identified in ACTB,
c.733G>A, p.G245S. She was therefore diagnosed
with Baraitser-Winter syndrome (BRWS) (1).

Patient 2 with DYRK1A mutation

The 7-year-old female patient was born at 39 weeks
of gestation by induced delivery. Her developmental
milestones were severely retarded. She could not walk
independently. She had no communicative language.
In addition, her visual acuity was disturbed by severe
amblyopia. She could see and reach objects within
30cm. She exhibited self-injurious behavior, temper
tantrums and vocal tics by vibrating her palate. She

- 164 -



Targeted next-generation sequencing in the diagnosis of neurodevelopmental disorders

Fig. 1. (a, b) T1-weighted magnetic resonance image (MR) of patient |
with ACTB mutation shows enlarged lateral ventricles, decreased white
matter volume and pachygyria dominant in the frontal lobe.

was diagnosed with autism spectrum disorder (ASD)
according to DSM-5. Her DQ was not properly assessed
because of visual disturbance.

Physical examination identified dysmorphic features,
including frontal bossing, hypertelorism, nystagmus,
epicanthal folds, a flat nasal bridge, bilateral low-set
ears, down-slanting palpebral fissures, a short philtrum, a
high arched palate, downturned mouth and micrognathia.
Her weight was 14.6 kg (—2.2 SD), height was 103.5cm
(=3.1 SD) and head circumference was 52 cm (+0.6 SD).
She showed relative macrocephaly.

Brain  computerized tomography (CT) and
magnetic resonance imaging (MRI) were normal.

Retinal abnormalities and optic nerve hypoplasia
were not identified by fundoscopic investigations.
Electroencephalography (EEG) showed no epileptic
discharges. She had an early termination codon in exon
11 of the DYRKIA gene (c.C1699T: p.Q567%).

Patient 3 with GABRD mutation

The 12-year-old female was born at 41 weeks of gesta-
tion by induced delivery. Her development was severely
retarded with generalized muscular hypotonia. She sat
alone at 4 years of age. She cannot walk independently.
She spoke no meaningful words. Her DQ was 12 at
9 years of age. She showed stereotyped behavior includ-
ing hand gripping and bruxism. Purposeful hand skills
were not obtained. She was diagnosed with Rett syn-
drome. EEG revealed bilateral occipital dominant high
voltage slow spike and wave complex. Her height was
137 cm (—3.4 SD), weight was 35 kg (—2.1 SD) and head
circumference was 51 ¢cm (—1.8 SD). Brain CT and MRI
were normal.

She had 2 bp insertion—deletion corresponding to two
amino acids in GABRD gene (c.G498A:p.M1661 and,
¢.G499A: p.D167N) (Fig. 2). This mutation was de novo.

Patient 4 with PTPN171 mutation

The 4-year-old male was born at 40 weeks of gestation by
normal delivery. Profound sensorineural hearing loss was
confirmed. He was able to control his head at 4 months,
roll over at 6 months of age. He could sit without support
at 14 months of age. He started to walk without support
at 3years of age. His height was 90.7cm (—1.8 SD),
weight was 14.3kg (—0.4 SD) and head circumference
was 48.3cm (—1.1 SD). Brain MRI at 4 years of age
showed agenesis of corpus callosum (ACC) (Fig. 3).
His DQ was 40. His dysmorphic features including
hypertelorism, epicanthal folds, flat nasal bridge, low set
ears, growth failure and ACC suggested the diagnosis of
Mowat-Wilson syndrome. However, molecular analysis
of ZEB2 mutation was negative. Target gene sequencing
revealed a heterozygous mutation in the PTPNII gene
(c.A188G, p.Y63C). This mutation has been repeatedly
reported in Noonan syndrome (NS) (2). We reevaluated
his clinical features and concluded that the diagnosis of
NS is appropriate. This is the first association of ACC
and NS with PTPNI] mutation.

Other patients

Three patients with cerebellar anomalies were diagnosed
with mental retardation and microcephaly with pontine
and cerebellar hypoplasia (MICPCH) due to CASK muta-
tions. Another patient was homozygous for AHI/ muta-
tion. The diagnosis of Joubert syndrome was confirmed.
They showed typical findings.

Discussion

ACTB mutation in patient 1 was predicted to be
pathogenic in in silico analysis. BRWS is a rare

3
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Fig. 2. Patient 3 had 2bp insertion—deletion corresponding to two amino acids in GABRD gene (NM_000815: exon5: ¢.G498A: p.M1661 and

NM_000815: exon5: ¢.G499A: p.D167N).

Fig. 3. Brain magnetic resonance imaging (MRI) of patient 4 with
PTPNI 1 mutation showed agenesis of corpus callosum

MCA/ID syndrome characterized by dysmorphic
features, including ptosis, colobomata and neuronal
migration anomalies (1). Riviere et al. (3) reported that
mutations in ACTB and ACTGI cause BRWS. Clinical
variability of BRWS is often discussed. Di Donato
etal. (4) reported three patients with Fryns-Aftimos

4

syndrome (FAS) who had a mutation in the ACTB
gene. They suggested that mutations in ACTB cause a
distinctly more severe phenotype than ACTGI muta-
tions. They concluded that FAS is an early and severe
manifestation of BRWS. Patient 1 did not show the
typical features of BRWS. Her dysmorphic features
were mild, and her head circumference was over average
size. Recently, Verloes et al. (5) delineated the spectrum
in 42 patients with BRWS. They reported that facial
dysmorphism varies from mild to severe and evolves
considerably over times. They suggested the designation
of Baraitser-Winter cerebrofrontofacial syndrome.
Patient 2 had had severe ID, motor disturbance, autis-
tic behavior and visual problems. She had truncating
mutation of DYRKJA. She lacked microcephaly, which
was previously assumed to be a constant feature of
DYRKIA loss of function. DYRKIA is a protein kinase
that belongs to the highly conserved dual-specificity
tyrosine phosphorylation-regulated kinase (DYRK)
family. DYRKIA is a highly conserved gene located in
the Down syndrome critical region at 21q22. DYRKIA is
involved in brain growth through neuronal proliferation
and neurogenesis. DYRKJA overexpression has been
implicated in ID and microcephaly in Down syndrome.
Haploinsufficiency of DYRKIA is associated with 1D,
epilepsy and microcephaly (6). So far, mutation anal-
ysis of DYRKIA has been carried out in patients with
ID and microcephaly (7, 8). Courset et al. (9) studied
the DYRKIA gene in a cohort of 105 patients with 1D
and Angelman syndrome-like symptoms, and they iden-
tified a de novo frameshift mutation in a patient with
growth retardation, ID, and seizures. O’Roak et al. (10)
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captured and sequenced 44 candidate genes in 2446 ASD
probands. They discovered 27 de novo events in 16 genes
including DYRKIA. The three patients with a DYRKIA
mutation showed microcephaly.

We suppose that the clinical spectrum of DYRKIA
mutations may have more variability. Microcephaly may
not be a constant feature in the patients with DYRK/A
mutations. Another novel finding in patient 2 was severe
amblyopia. Dyrk/A (+/—) mice showed thin retina
(11). We recommend ophthalmologic investigation for
patients with DYRKIA mutations.

Patient 3 had a 2 bp insertion—deletion corresponding
to two amino acids in GABRD gene. This is the first
report of a GABRD mutation associated with Rett syn-
drome like features. GABRD encodes a subunit of the
ligand-gated chloride channel for gamma-aminobutyric
acid (GABA), the major inhibitory neurotransmitter
(12). The majority of GABAA receptors contain two
a-subunits, two f-subunits, and a y- or d-subunit. Muta-
tions in inhibitory GABAA receptor subunit genes
(GABRA1, GABRB3, GABRG2 and GABRD) have been
associated with genetic epilepsy syndromes including
childhood absence epilepsy (CAE), juvenile myoclonic
epilepsy (JME), pure febrile seizures (FS), generalized
epilepsy with febrile seizures plus (GEFS+), and Dravet
syndrome (or severe myoclonic epilepsy in infancy).

There have been some reports on the association of
generalized epilepsies and GABRD mutations. GABRD
gene is assigned to chromosome 1p36 (13). Patients with
the 1p36 deletion syndrome often have epileptic seizures
(14). Windpassinger et al. (12) found that GABRD is
expressed most abundantly in the brain. They suggested
that the GABRD is a good candidate for the neurode-
velopmental and neuropsychiatric anomalies seen in the
1p36 deletion syndrome.

Patient 3 has been diagnosed with Rett syndrome. Het-
erozygous disruption of GABRB3 produces increased
epileptiform EEG activity and elevated seizure suscep-
tibility in Angelman syndrome (15). We assume that
mutant GABRD 1is likely to cause increased neuronal
excitability in our patient. Further investigation is neces-
sary to clarify mutations in Rett syndrome-like patients
without known genetic causes.

Patient 4 was diagnosed with NS, the most com-
mon RASopathy characterized by short stature, distinct
facial features, congenital heart defect, and ID of various
degrees. Patient 4 showed ACC. So far association of NS
and ACC is not known. Hypoplasia of corpus callosum
is occasionally reported in cardio-facio-cutaneous syn-
drome, another RASopathy. We consider ACC to be an
unusual manifestation of RASopathy.

Our NGS-based mutation screening strategy showed
a certain success in the diagnosis of patients with neu-
rodevelopmental disorders when conventional clinical
genetic testing has proven negative. Presented patients
showed unique or unexpected manifestations. We are

planning whole-exome sequencing for the remaining
unexplained patients.

Supporting Information

Additional supporting information may be found in the online
version of this article at the publisher’s web-site.
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The short arm of chromosome

tions that result in chromosomal rearrangements through non-

16 is rich in segmental duplica-

allelic homologous recombination. Several syndromes resulting
from microdeletions or microduplications in this region have
been iq*m;%i:é The chromosome %ép%ﬁ 2-p11.2 deletion syn-
drome, 7.1- to 8.7-Mb [OMIM#613604
facial gi;m‘mk&:a feeding difficulties, a sig
development, and recurrent ear infections, Reciprocal duplica-

| ischaracterized by minor

ificant delay in speech

tions of 16p12.2-p11.2 have been reported in some patients with
autism. We identified a patient Wiﬁﬁ a 16p12.2-p11.2 deletion
and a patient with a 16pi2.2-pil oligonu-
cleotide SNP array. The patient with the deletion showed severe
developmental delay without autism. The patient with the dele-

.2 duplication using

tion shared ¢
The patient with the duplication showed mild developmental
delay and autism. She had dysmorphic features including a

linical features with previously reported patients.

round face, a large mouth, and relative macrocephaly, We
reviewed the reports of the two syndromes and compared the
clinical manifestations. The 16p12.2-p11.2 duplication syn-
drome is a new %wzdmmc with autism spectral disorders and
man‘m ?ﬁ}la features, © 2013 Wiley Periodicals, Inc.
Key words: Topl.

SNP array; chromosomal

ction; 16p12.2-p 1.2 duplication:

3

aberration

INTRODUCTION

Several recurrent copy number variations are known in the peri-
centromeric region of chromosomel6p. This region is rich in
segmental duplications that result in chromosomal rearrangements
through non-allelic homologous recombination.

Weiss et al. [2008] identified a novel, recurrent microdeletion,
and a reciprocal microduplication at 16p11.2 with susceptibility to
autism spectrum disorders (ASD) which appeared among approx-
imately 1% of cases. Kumar et al. [2008] reported more patients.
Chromosome 16p11.2 deletion syndrome [MIM#611913] (29.5—
30.1 Mb) is observed in about 1% of patients with ASD [Fernandez
et al., 2010].

© 2013 Wiley Periodicals, Inc.
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Bochukova et al. [2010] identified five patients with overlapping
deletions at 16p11.2 including SH2BI1 which is associated with
leptin and insulin signaling. In three of these patients, a 220-kb
deletion (28.73-28.95Mb) was inherited from an obese parent
and segregated with severe early-onset obesity without develop-
mental problems. The other two patients showed a de novo 1.7-Mb
deletion at 16pl11.2 extending through the proximal 593-kb
region of 16p11.2. The two patients had mild developmental delay
and severe early-onset obesity. Bachmann-Gagescu et al. [2010]
identified 31 patients with deletions of the SH2BI-containing
region and supported the association of developmental delays
and obesity.

Girirajan et al. [2010] suggested a 2-hit model in a recurrent 520-
kb heterozygous microdeletion of 16pl2. Probands with the
16p12.1 microdeletion were more likely to have additional large
deletions or duplications, and the clinical features of individuals
with the 16p12 deletion and additional CNV were distinct from
and/or more severe than those with the 16p12.1 microdeletion only.
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