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ABSTRACT

Background: Autism spectrum disorder (ASD) is a common, highly heritable and heterogeneous neurodevelopmental
disorder. The etiology of ASD remains to be clarified, yet, it is postulated that both genetic and environmental factors
play a pivotal role in the risk of ASD development. The work aimed to investigate the rate of CNVs of the ASD hot spots
at SHANK2, 16p11.2, and 15q13.3 as well as to investigate the imprinting defects involving 15q11.2-q13 region, using
the MLPA assay and to investigate the association between the SHANK3 SNPs rs9616915 and rs76224556 and ASD in a
group of ASD Egyptian patients.

Results: De Novo CNVs were detected in 2/40 patients (5%) in SHANK2, 2/40 patients (5%) in the 16p11.2 region,
and 2/40 patients (5%) in the 15q13 region. However, no CNVs were detected in the 15q11 region which represents the
area for Prader-Willi/Angelman region. Moreover, all patients showed no maternal duplication at the 15q11-q13 region.
Moreover, we reported a significant association between SHANK3 SNP rs9616915 and ASD, whereas the rs76224556
genotypes were not significantly associated with ASD.

Conclusions: MLPA is a cost-effective and rapid assay to detect CNV imbalances in large groups of patients and should
be the first-tier test for genetic screening in ASD. The resulting data fortifies the understanding of the genotype and
phenotype correlation of CNVs in patients with autism. However, further studies on larger sample sizes are still needed to
evaluate the association between SNPs in the SHANK3 gene and ASD.
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INTRODUCTION

Autism spectrum disorder (ASD) is a common, highly Owing to the same causes, studies in Egypt reported
heritable, and heterogeneous neurodevelopmental disorder diverse prevalence of ASD varying from 5.4/1000 to
with social, and communicative deficits and confined 33.6% (Metwally et al., 2023; Apte and Kumar, 2023).
repetitive behavioral patterns that have underlying cognitive The etiology of ASD still needs to be clarified, yet it is
features and commonly co-occur with other conditions. presumed that genetic and environmental factors are
According to the World Health Organization (WHO), major players in ASD development (Abdelrahman et al.,
approximately 1 in 100 children worldwide has ASD 2021). The ASD heritability is estimated from 70 to 90%
(Lord et al., 2020; Meguid ef al., 2020; Abdelrahman with hundreds of risk genes and lots of genetic syndromes
et al, 2021). The The estimated prevalence of ASD has (Genovese and Butler, 2023; Jiang ef al., 2023).
increased over the last two decades (CDC, 2018; Wang
et al., 2023). The data concerning ASD prevalence in About 50% of ASD individuals have either
developing Arab countries are lacking. This is attributed chromosomal deletions/duplications, single gene disorders,
to differences in participants' age, study methodologies, or a known syndrome (Genovese and Butler, 2023). For
and case recognition approaches, in addition to the applied instance, microscopic chromosomal abnormalities have
diagnostic techniques as until now there is no standardized been found in around five percent of instances of ASD.
screening tool for ASD, which represents a great challenge. Moreover, de novo or copy number variations (CNVs) are
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found in 5-10% of patients with idiopathic ASD (iASD),
the majority of which are monogenic and typically account
for 5% of cases of ASD. A submicroscopic structural
alteration in aberrant transcripts, deletions, or duplications
in DNA regions larger than 1000 base pairs is referred
to as CNV. Several of these abnormalities involve genes
that are extremely active throughout brain development
(Meguid et al., 2018; Genovese and Butler, 2023).

SHANK gene mutations are linked to other mental
disorders such as autism spectrum disorder and
intellectual disability (IDs), schizophrenia, and Phelan-
Mcdermid Syndrome (Choi er al, 2015; Schmeisser,
2015). SHANK genes (SHANK]1,2,3) encode SH3 and
various ankyrin repeat transcription proteins, which are
postsynaptic scaffolding proteins for excitatory synapses
(Monteiro and Feng, 2017). More than 80 and 30 ASD-
associated mutations have been identified in SHANK3
and SHANK?2, respectively. SHANK2 is a scaffolding
protein that exhibits postsynaptic distribution in excitatory
neurons. SHANK?2 has been linked to ASD, particularly
social difficulties, as numerous groups have extensively
reported (Lee et al., 2020; Wan ef al., 2022; Choi and
Kaang, 2023). The SHANK2 gene spans 621.8 kb and
is located on chromosome 11ql13.3. With its one-stop
codon, three promoters, and 25 exons, it can produce four
distinct isoforms. The first gene whose function in Phelan-
Mcdermid syndrome (PMS) was thoroughly investigated
was the SHANK3 gene. But SHANKI and SHANK?2
have also been connected to a number of neuropsychiatric
disorders (Wan et al., 2022; Sungur, 2017). The 16p11.2
gene locus is an approximately 500-600 kb region
containing 27-29 genes located on the proximal short
arm of chromosome 16 (Rein and Yan, 2020). Deletions
and duplications of 16pl11.2 have highly pleiotropic
phenotypic effects, which are strongly linked to ASD, ID,
motor/developmental delay (DD), dysmorphic features
(DFs), and epilepsy/seizures.16p11.2 deletions have been
reported at rates of 0.028—0.043%, while duplications have
been reported between 0.035% and 0.053% in the general
population (Green et al., 2016; Vysotskiy et al., 2021).

Microdeletions and microduplications affecting
15q13.3 have been recorded to have very different
phenotypes, from normal to neurodegenerative
(Budisteanu et al., 2021). It has been suggested that the
gene CHRNA7 (cholinergic receptor nicotinic alpha
7 subunit) is a candidate gene for neuropsychiatric
phenotypes (Gillentine ez al., 2018). Description of various
patients with 15q13.3 interstitial deletion exhibiting a
range of neuropsychiatric symptoms, such as speech
issues and ID/DD, epilepsy, and autism spectrum disorders
(Whitney ef al. 2021). Although the clinical presentation
of patients with a heterozygous deletion at 15q13.3 varies
greatly, even among affected individuals from the same
family, patients with a homozygous deletion are more
affected and present with epilepsy, hypotonia, and growth
failure (Budisteanu et al., 2021).

Small microduplications at 15q13.3, often associated
with CHRNA7, are frequently detected in microarray
studies. CHRNA7 duplications are associated with
various neurodevelopmental disorders, including ID/DD,
developmental delay, autism spectrum disorder (ASD),
mood disorder, obsessive-compulsive disorder, childhood
schizophrenia (COS), Tourette syndrome (TS), attention
deficit hyperactivity disorder (ADHD), and epilepsy
(Sinkus et al, 2015). A study investigated the clinical
and behavioral changes, the researchers phenotyped 18
children with CHRNA?7 duplications and noted that these
mutations exhibited abnormal expression and incomplete
penetrance (35% of CNV recipients from parents were
unaffected; the same competition was observed in
healthy siblings). While the range of neuropsychiatric
diseases associated with 15q13.3 microdeletions and
microduplications is the same, microduplications typically
exhibit greater variability in expression and penetration,
hence necessitating diagnostic and clinical interpretation
(Gillentine et al., 2017).

15q11.2-q13 region includes a bunch of methylated,
imprinted genes with SNRPN and UBE3A, which are
either paternally or maternally expressed, respectively.
Maternal duplications (maternal uniparental disomy
(mUPD) or imprinting defects involving the 15q11.2-q13
region have been associated with autism (1-3%). Despite
the few reports, paternal duplications (disomy) do not
appear alone to be totally penetrant for autism (Dawson e?
al., 2015; Ryan and Heron, 2023). So, it was suggested
that ASD patients should be routinely screened for 15q
genomic abnormalities and their methylation status.

Moreover, the genetic risk of ASD has been
attributed to single nucleotide polymorphisms (SNPs)
and CNVs, rather than certain single-gene mutations
(Rodriguez-Gomez et al., 2021). Among the SHANK
genes, SHANK3, on 22q.13.3, is proposed as a key player
in ASD pathogenesis and its loss causes synaptic function
disruption (Mashayekhi et al., 2021; Siddiqua et al,
2022). Single nucleotide polymorphism researches provide
insight into the function of SHANK3, and the role ofits
small-effect variants in the risk of ASD (Manning et al.,
2021; Siddiqua et al., 2022). A non-synonymous single
nucleotide polymorphism (nsSNP) of the SHANK3 gene,
reported as rs9616915 (T>C) in exon 6, directly affects the
SHANKS3 role in the regulation of splicing and damages
the structure of SHANK3 protein (Mashayekhi ez al.,
2021). Additionally, SHANK3 SNP, rs76224556; where a
¢.1304+48C>T transition in intron 10, affects a methylated
cytosine in a CpG dinucleotide in one of the four intragenic
regulatory elements. Previous studies reported that the
region encompassing this CpGisland appeared to be critical
for SHANK3 isoform regulation, and its loss in mice leads
to significant synaptic disorganization in addition to ASD-
like features (Oberman et al., 2015).
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Taking into account these considerations and for a
better understanding of ASD etiology that might deliver
guidance for yet-to-come treatment and management of
ASD, our study aimed to explore the rate of CNVs of the
ASD hot spots at SHANK2, 16p11.2, 15q13.3 as well as to
investigate the imprinting defects involving 15q11.2-q13
region in a group of ASD Egyptian patients, using the
MLPA assay. In addition, we aimed to investigate the
association between the SHANK3 SNPs rs9616915 and
1$76224556 and ASD among them.

SUBJECTS AND METHODS

Forty patients with ASD from the "Autistic Disorders
Clinic", Medical Research Center of Excellence, at the
National Research Centre in Giza, Egypt, were involved
in our study as well as 40 age- and sex-matched control
subjects. Their ages ranged between 3 to 5 years. Informed
written approval was obtained from parents/guardians
of patients by the code of ethics of the World Medical
Association (Declaration of Helsinki) for experiments
involving human subjects. The study protocol was accepted
by the Institutional Ethical Committees of the National
Research Centre, Egypt (Registration number 16373).

Clinical evaluation

ASD diagnosis was carried out using the Diagnostic
and Statistical Manual of Mental Disorders (5" ed.; DSM-
5) criteria (American Psychiatric Association, 2013) and
Autism Diagnostic Interview-Revised (ADI-R) (Rutter et
al., 2003). The Childhood Autism Rating Scale (CARS)
was used for assessing autism severity (Schopler et al.,
1980).

The Short Sensory Profile (SSP) was done and
intended to rate a variety of sensory impairments. SSP
gives clues to ASD children's sensory processing skills
and facilitates in evaluating and planning the required
interventions for these children (Dunn, 1999).

Laboratory investigation

According to the manufacturer's instructions, the
QIAamp DNA Mini Kit was used to extract DNA from 3
milliliters of peripheral blood drawn from each of the 40
patients and the reference samples (one reference for every
seven patient samples, with a minimum of three references
per test). The NanoDrop spectrophotometer was used to
measure the DNA samples' the quantity and quality.

MLPA assay for CNVs detection

CNVs evaluation for SHANK2, 16p11.2 region, and
15q13 region was carried out using P396 and P343 SALSA
MLPA probemixes, according to the manufacturer's
instruction (MRC-Holland)  (https://www.mrcholland.
com).

MS-MLPA assay for maternal duplication detection
Maternal duplication of the proximal region of 15q11.2

was investigated using MS-MLPA probemix ME034-B1
Multi-locus Imprinting to evaluate its methylation status,
detecting its parental origin. The procedure was carried
out according to the manufacturer's instruction (MRC-
Holland) (https://www.mrcholland.com).

SNP genotyping

Assessment of SHANK3 gene polymorphisms was
determined using 1s9616915 and rs76224556 assays
by TagMan SNP genotyping assay (C 11891599 and
C 102796602, Thermo-Fisher Scientific, Germany)
through qPCR technique. We prepared the proper volume
from the PCR reaction mix with a total volume of 20uL/
well. The reaction mix of each sample contained 10uL of
TagMan Genotyping Master Mix, 1uL of TagMan assay
(10X), and 2-4pL RNase-free water. The protocol of
thermal cycling was adjusted as follows; 95°C for 10min,
followed by 40 cycles at 95°C for 15s, and 60°C for Imin.
The qPCR was implemented on the Step One Real-Time
system (Applied Biosystems, Thermo-Fisher, Germany).

statistical analyses

Were performed using SPSS version 21.0 (SPSS Inc,
Chicago, Illinois, USA). Data were analyzed; frequencies
for qualitative data, mean and standard deviation for
quantitative data. Fisher's exact test and Chi-Square test
were applied for qualitative data analysis. The quantitative
variables were compared, and a f-test was used for
parametric data. The difference between groups was
considered statistically significant if p <0.05.

RESULTS

Eighty participants whose ages ranged between 3
and 5 years were enrolled in the present study, including
40 autistic cases and 40 age- and sex-matched healthy
controls. The mean age of autistic subjects was 4.1+0.82
years, while that of controls was 4+0.8 years, with an
insignificant statistical difference between both groups
(»= 0.54, = 0.62). The patients' group comprised
27(67.5%) males and 13(32.5%) females, while the control
group included 25(62.5%) males and 15(37.5%) females,
with no statistically significant difference between them
(p= 0.64). The autistic cases’ history and clinical data are
illustrated in Table (1).

The studied patients displayed multimodal symptoms
mainly under the responsive/secks sensation domain then
tactile sensitivity, and lastly the hypo-activity (low energy/
weak domain). CARS score and total SSP score were
carried out to correlate the severity of autistic symptoms
and sensory processing. Negative correlation with the total
SSP score was detected (r= —0.839, p <0.001) and this
demonstrated that children with more severe autism had
more sensory symptoms.

Of the 40 individuals, only nine (22.5%) with ASD
had CNVs in the SHANK3 and/or its surrounding area
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(3 patients, 7.5%) (Previously shown) (Meguid et al.,
2020), in SHANK?2 (2 patients, 5%), in the 16p11.2 region
(2 patients, 5%) and in the 15q13 region (2 patients, 5%)
Figure (1). However, no CNVs were detected in 15q11
region which represents the area for the Prader-Willi/
Angelman region. Moreover, these children's parents did
not have these CNVs. Moreover, all patients showed normal
methylation status of the 15q11.2 region which indicates
that no patients have maternally inherited duplications at
the 15q11-q13 region.

The 1% 3 patients were presented previously having
CNVs in the SHANK3 and/or its flanking region (Meguid
et al., 2020). The 2™ 2 patients were unrelated boy and
girl having SHANK? duplication at one exon. The boy was
3 years old with moderate to severe non-verbal autism,
intellectual disability (ID) with comorbid ADHD, and
a positive family history of abortion and suffered sleep
problems in the form of insomnia. MLPA showed de
novo duplication at SHANK2, exon 2. As regards sensory
assessment, the SSP total score was clearly different from
normal. The girl was 5 years old with mild verbal autism,
mild intellectual disability (ID), positive family history
of abortion and intrauterine fetal death, and short status.
MLPA showed de novo duplication at SHANK2, exon 17.
As regards sensory assessment, SSP's total score fell into
the category of typical performance.

The 3™ 2 patients were siblings, a boy and a girl having
de novo 16p11.2 duplication, at MAZ, exon 6. The boy was
10 years old. The girl was 3 years old. Their father was
diagnosed on the schizophrenic spectrum and their uncle
with intellectual disability. Both siblings have severe non-
verbal autism, and intellectual disability (ID). As regards
sensory assessment, both SSP total scores was clearly
different from normal.

The 4% 2 patients were two boys having de novo CNVs
at the 15q13 region, one was duplication at one exon and
the other was deletion at one intron. One of them was 5 years
old with severe non-verbal autism, intellectual disability
(ID), and asymmetry. His maternal uncle had brain atrophy,
and the son of his mother's cousin was autistic. His MLPA
showed de novo 15q13 duplication at CHRNA?7, exon 4.
The other boy was also 5 years old with moderate to severe
non-verbal autism, and intellectual disability (ID). His
MLPA showed de novo 15q13 deletion 7JP/ Intron 1. As
regards sensory assessment, both patients' SSP total scores
was clearly different from normal. The main clinical data
of MLPA-positive patients are described in Table (2).

The genotype distribution and allelic frequencies of
SHANK3 gene SNPs 1s9616915 and rs76224556 among
autistic cases and controls are presented in Tables (3, 4),
respectively.

Regarding SNP rs9616915, the frequency of the TT
genotype was 2.5% in cases and 20% in controls, whereas
the TC genotype was observed in 92.5% of cases and 77.5%
of controls. The mutant CC genotype was detected in 5%
of cases and 2.5% of controls. A statistically significant
difference in rs9616915 genotypes was found between
both groups (p= 0.029). However, there was no significant
difference in allele distribution between autistic cases and
controls (p= 0.2) (Table 3).

On studying the genotypic and allelic frequencies
of the SNP rs76224556, no significant differences
were detected in comparing cases to controls (P >0.05).
Although the CC and TT genotypes showed higher
frequencies among cases (82.5% and 7.5%, respectively)
versus controls (67.5% and 2.5%, respectively) (Table 4).

Table 1: History and clinical data of the autistic cases:
Cases (N=40)

Variable Positive Negative
N % N Y
Consanguinity 25 62.5 15 37.5
Family history 30 75 10 25
Clinical data
Short stature 1 2.5 39 97.5
Obesity 2 5 38 95
Febrile convulsions 2 5 38 95
Epilepsy/EEG 6 15 34 85
Dysmorphism 6 15 34 85
ADHD 5 12.5 35 87.5
Hypotonia 5 12.5 35 87.5
Sleep disorders 3 7.5 37 92.5
Movement problems 1 2.5 39 97.5
GIT problems 4 10 36 90
CARS
Mild to moderate autism 24 60
Severe autism 16 40

EEG: Electroencephalography; ADHD: Attention Deficit
Hyperactivity Disorder; GIT: Tract; CARS: Childhood Autism
Rating Scale.

% 16p1L2dup oo chaNK2 dup

5% 15q13 dup/del

7.5% SHAMK3 Dup
Meguid et al., 2020

Figure 1: Pie chart of the percentage of cases with CNVs.
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Table 2: The main clinical data of MLPA positive patients:

Epilepsy/EEG

CNVs Severity of Autism  ADI-R B domain Total SSP  ADHD ID changes Insomnia

1 SHANK2 -2 dup moderate to severe nonverbal fieﬁmte +ve +ve -ve +ve
difference

2 SHANK2 -17 dup mild to moderate verbal typical -ve +ve -ve -ve

3 16p11.2 dup, MAZ6 moderate to severe nonverbal Qeﬁnlte -ve +ve -ve -ve
difference

definite

4 16p11.2 dup, MAZ6 moderate to severe nonverbal . -ve +ve -ve -ve
difference

5 15q13 dup, CHRNA7-4 moderate to severe nonverbal fieﬁmte -ve +ve left frontf)t?mporal -ve
difference activity

6 15q13 del, TJP1-Intr.1 moderate to severe nonverbal fleﬁmte -ve +ve -ve -ve
difference

CNV: Copy Number Variations; ADI-R: Autism Diagnostic Interview-Revised; ADHD: Attention Deficit Hyperactivity Disorder; ID:
Intellectual Disability; MLPA: Multiplex Ligation-dependent Probe Amplification; EEG: Electroencephalography; SSP: The Short Sensory

Profile.

Table 3: Genotype distribution and allele frequency of the SNP
rs9616915 in cases and controls:

Genotype/ Cases (n=40)  Controls (n=40)

P value
Allele n % n %
TT 1 2.5 8 20

TC 37 92.5 31 71.5 0.029*
CcC 2 5 1 2.5

T 39 48.75 47 58.75 02
C 41 5125 33 41.25 '

Fisher’s exact test and Chi square test - P value is considered
significant if <0.05; *: Significant P value.

Table 4: Genotype distribution and allele frequency of the SNP
1s76224556 in cases and controls:

Genotype/ Cases (n=40) Controls (n=40) P value
Allele n % n o
CcC 33 82.5 27 67.5 0.058
CT 4 10 12 30
TT 3 7.5 1 2.5
C 70 87.5 66 82.5 0.38
T 10 12.5 14 17.5

Fisher’s exact test and Chi square test - P value is considered
significant if <0.05; *: Significant P value.

DISCUSSION

ASD is a worldwide rising neurobiological disorder
at a disconcerting rate. It is highly heritable, with
genetic contributions accounting for around 80% of its
risk (Abdelrahman et al., 2021; Siddiqua ef al., 2022;
Wan et al., 2022). In this study, of 40 patients only nine
ASD cases (22.5%) had CNVs in the SHANK3 and/or its
flanking region; 3 patients (Meguid et al., 2020), SHANK2
(2 patients), 16p11.2 region (2 patients) and 15q13region
(2 patients). However, no CNVs were detected in the
15q11 region which represents the area for Prader-Willi/
Angelman region. Moreover, none of these children's

parents had these CNVs. Furthermore, no patients showed
maternally inherited duplications at the 15q11-q13 region.

The SHANK family consists of SHANKI, SHANK?2
and SHANK3. SHANKs have been proposed as synaptic
scaffold regulators (Sala ef al, 2015). All SHANKs have
been associated with mental disorders such as autism
spectrum disorder (ASD) and schizophrenia (Guilmatree
et al., 2014). Moreover, mutations in the SHANK genes
have been associated with changes in the severity of
cognitive impairment in ASD. Given the low frequency
of deleterious mutations in SHANKI and SHANK2,
the clinical significance of these genes has not yet been
determined. In contrast, the frequency and prevalence
of SHANK3 mutations in individuals with ASD and
intellectual disability (more than 1 in 50) have been
considered for screening in clinical practice (Leblond ef
al., 2014). Disruption of SHANK?2 can be devastating and
important for treating patients. De novo loss-of-function
SHANK? alleles are associated with ASD, mild to moderate
intellectual disability, and/or language impairment
(Hassani et al., 2022). The association between CNVs/
mutations in SHANK2 and ASD risk was first revealed
in 2010 when they found CNVs and mutations in the
PDZ domain in ASD subjects (Berkel et al., 2010). Here
we report 2 unrelated patients a boy and a girl having
SHANK? duplication at one exon. The boy showed de novo
duplication at SHANK2, exon 2. While the girl's MLPA
also showed de novo duplication at SHANK?2, exon 17.
The sensory evaluation of the boy with moderate to severe
nonverbal autism was classified as a definite difference
from normal. For the girl with mild verbal autism, the SSP
total score fell into the category of typical performance.
Again, this is consistent with all findings from our Autism
Spectrum Disorders Research Group, where the severity of
psychiatric symptoms is associated with autism severity.
Research on SHANK2 dysfunction in animal models
(SHANK?2 knock-out, KO) mice and its relation to sensory
issues in autism has been investigated (Ko et al, 2016).
Tactile hyposensitivity is described in autistic patients
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(Moore, 2015). Also, it is a domain measured in SSP.
Tactile sensitivity was the second most affected domain in
our sample (underesponsive/ seeks sensation was the most
affected domain followed by tactile sensitivity). Ko et al.,
(2016) work demonstrated that SHANK2 KO mice have
impaired basal tactile sensitivity and acute pain response.
The authors clarified that this reduced sensitivity could
be caused by defects in the central or peripheral nervous
system. SHANK?2 is expressed in both peripheral and
central neurons. More study on how SHANK?2 could cause
pain deficits in ASD is needed.

Speech and/or language problems have been frequently
observed in 16p deletion and duplication carriers in
previous cases (Weiss et al., 2008; Bijlsma et al., 2009;
Fernandez et al., 2010; Fetit et al., 2022; Zuffery et al.,
2012). The importance of tremor as another action of the
16p11.2 duplication phenotype is surprising and has been
documented in two previous studies (Posar and Visconti,
2020). Mutations in 16pll.2 have previously been
associated with epilepsy (Olson et al., 2014), and mutations
in the PR gene region are associated with benign infantile
epilepsy syndrome (Scheffer et al., 2012). Weiss et al,
(2008) indicated that duplication of the 16p11.2 region co-
segregated with autism in two families (six of six affected
offspring) and occurred as a de novo event in a third family.
Duplication in this region was also observed in four clinical
samples referred for diagnosis of developmental delay,
although no autistic features were reported in three of
these subjects, which matches our findings of 2 siblings, a
boy and girl, having de novo 16p11.2 duplication, at MAZ,
exon 6. Both were diagnosed with severe autism. Their
SSP total score fell into the category of definite difference
from normal. Both patients scored a definite difference
from normal in all SSP domains. Sensory processing
deficits in patients with 16p11.2 deletions and duplications
have been a topic of interest recently. In a study by Smith
et al., (2022) on 38 children with a 16p11.2 deletion and
31 children with a 16p11.2 duplication, sensory processing
deficits were obvious in both 16p11.2 deletion and 16p11.2
duplication. Sensory assessment in both cohorts indicated
the impact of sensory behavior was more severe when
compared to neurotypical children, with levels being
similar to autistic patients. Another study by Osério ef al.
(2021) on 17 children with 16p11.2 deletion in comparison
with 121 autistic children. They found that on the parent-
reported Sensory Processing Measure, children with a
16p11.2 deletion showed changes in vision, hearing, body
awareness, and balance motion, but no alterations in touch,
taste, or smell. The children with 16p11.2 deletion showed
no much differences in the touch, taste, or smell domains
from the autistic children, who performed better on all
tests in all sensory domains. Understanding the changes
in sensory processing in 16p11.2 deletion and duplication
may help in better genotyping and phenotyping of a group
of autism patients.

It is commonly known that genetic rearrangements
around 15ql11-13 are linked to neurological and
neuropsychiatric disorders (Lowther et al, 2015;
Chilakamarri and Mellin-Sanchez, 2022). This is in line
with the 15q13.3 duplication phenotype reported in earlier
research (van Bon et al., 2009; Szafranski et al., 2010;
Gillentine and Schaaf, 2015). Chromosome 15q13.3
microdeletions are linked to a number of neurological
and neuropsychiatric disorders. The group of patients
with idiopathic generalized epilepsy (IGE), intellectual
disability, and schizophrenia showed the biggest increase.
It has also been found in patients with schizophrenia.
Reciprocal microduplications of 15q13.3 are more difficult
to interpret because microdeletions have been detected in
the same type of neuropsychiatric disease but have different
expression and decreased sensitivity compared to deletions
and are often acquired de novo (Budisteanu ez al., 2021).

CHRNA7 at 15q13 is the gene that is thought to
contribute to the neurological phenotype in patients with
15q13.3 CNV but given the complexity of the genome and
the nearly equal number of partial copies, analysis of the
coding region is only limited. Patients carrying this gene
have microdeletions with clinically specific phenotypes.
The gene is thought to contribute to the neurological
phenotype in patients with 15q13.3 CNV but given the
complexity of the genome and the nearly equal number
of partial copies, analysis of the coding region is only
limited. Patients carrying this gene have microdeletions
with clinically specific phenotypes (Masurel-Paulet ez al.,
2010; Bacchelli ez al., 2015). However, the association
of ASD and epilepsy with CHRNA7 duplications in
probands may indicate that microduplications containing
CHRNA7 may have the same role as deletions in ASD/
seizure susceptibility, albeit with reduced penetrance.
Consistent with this hypothesis, CHRNA7 transcript levels
have recently been shown to be reduced in neuronal cells
(Meguro-Horike ez al., 2011; Bacchelli ez al., 2015), or
brain samples with parental 15q duplications. According
to gene copy number expectations, it is exactly the
opposite. Further evidence of CHRNA7 dose sensitivity
was provided by showing the association of CHRNA7
triploidy with neuropsychiatric and cognitive phenotypes
in a three-generation family (Soler-Alfonso ef al., 2014;
Ozaltun et al., 2021). Of our nine cases, 2 boy patients
showed de novo15q13 CNVs, one of them had duplication
at CHRNA?7, exon 4 and the other had de novo 15q13
deletion 7JPI Intron 1. The patient with 15q13 duplication
had severe non-verbal autism. The other boy who showed
de novo 15q13 deletion had moderate to severe non-verbal
autism. As regards sensory assessment, both patients' SSP
total scores fell into the category of definite difference
from normal. Studies on sensory processing phenotypes
concerning genes implicated in autism are still scarce.
To our knowledge, research on genetic rearrangements
in chromosome 15q13.3 and its association with specific
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neurological and neuropsychiatric phenotypes such as
sensory processing deficits is still growing.

Abnormalities of the 15q11-q13 region were reported
in ASD patients. Moreover, maternal interstitial 15q11-q13
duplications were seen in 1-3% of ASD patients. Although
paternal duplications of this region remain phenotypically
silent in a large percentage of cases, they may cause
developmental delay and ASD, suggesting that paternally
expressed genes in this region can contribute to ASD
with lower penetrance than maternal duplications (Ryan
and Heron, 2023). However, our results showed normal
methylation status of the 15q11-q13 region, which means
no maternal duplications of this region for all the studied
patients.

SHANK3 is considered a master synaptic risk gene with
extensive studies that elucidated the pathogenesis of ASD
(Siddiqua et al., 2022). In the present, we investigated the
association between the SHANK3 gene SNPs rs9616915
and 1576224556 and ASD among 40 autistic Egyptian
children, and 40 age- and sex-matched healthy controls.

Our results revealed a significant association between
SNP 159616915 genotypes and ASD cases (p= 0.029),
where TT, TC, and CC genotypes were detected in 2.5%,
92.5%, and 5% of cases, respectively. However, no
significant difference was revealed in the allele distribution
between the studied groups (p= 0.2). Our results were
concordant with those of an Iranian study conducted by
32. Mashayekhi et al., (2021), who revealed a significant
association between SHANK3 SNP rs9616915 and risk
of ASD, but no significant difference was found in allele
distribution. Whereas a Chinese study by Shao et al., (2014)
reported a significant association between rs9616915 SNP
TT genotype and a higher risk of ASD. However, Qiu ef
al., (2018) study, did not report any significant correlation
between rs9616915 polymorphism and ASD. In addition,
several previous studies on Bangladeshi, Swedish, and
Japanese people came up with the same conclusion (Waga
et al., 2011; Jonsson et al., 2014; Siddiqua et al., 2022).

Regarding the genotypic and allelic frequencies of the
SNP 1576224556, no significant difference was detected
between autistic cases and controls (P >0.05). These
findings were consistent with two research by Boccuto et
al., (2013); Qiu et al. (2018).

The diversity between several reports about SHANK3
gene polymorphisms and ASD might be explained by
ethnic and racial variations in genotype frequency and
sample sizes (Qin et al., 2009; Manning et al., 2021;
Siddiqua et al., 2022).

CONCLUSION

The clinical and molecular description of the
positive cases may fortify the genotype and phenotype

correlation of copy number variations (CNVs) at the
autism spectrum disorder (ASD) hotspots which may
help in better understanding the autism spectrum disorder
(ASD) pathogenesis. However, further studies are needed
including larger sample sizes. Moreover, the contribution
of other autism spectrum disorder (ASD)-associated genes
such as NRXNI, NLGN1, and PTEN should be considered
for further study of the genetic basis of sensory phenotypes.
Our data emphasize that the multiplex ligation-dependent
probe amplification assay (MLPA), as it is a cost-effective
and rapid assay, should be the first-tier test for genetic
screening in large groups of autism spectrum disorder
(ASD) patients to detect copy number variation (CNV)
imbalances. Moreover, we reported a significant association
between SHANK3 Single-nucleotide polymorphism (SNP)
rs9616915 and autism spectrum disorder (ASD), whereas
the rs76224556 genotypes were not significantly associated
with autism spectrum disorder (ASD). More studies on
larger sample sizes are needed to evaluate the relationship
between single-nucleotide polymorphisms (SNPs) in the
SHANK3 gene and autism spectrum disorder (ASD).

ACKNOWLEDGEMENTS

We declare that all authors of this manuscript have
made substantial contributions. The authors are grateful
to The National Research Centre (NRC) for providing
necessary facilities. We did not exclude any author who
substantially contributed to this manuscript. We have
followed our ethical norms established by our respective
institutions.

FUNDING

This research was financially supported by Research
Project grants from the National Research Centre, Egypt
(11010161). We would also like to express our gratitude to
the funding agent, for giving us the chance to accomplish
this study with the help of its updated equipment and
instrumentation.

AUTHORS’ CONTRIBUTIONS

RA: participated in conducting the laboratory work,
writing the manuscript, and preparing the paper for
submission. OE: Provided the idea of this research,
participated in preparing the design of the research,
conducting the laboratory work, interpreting the data,
writing the manuscript, and preparing the paper for
submission and final approval of the version to be
published. AA: participated in preparing the design of the
research, participated in conducting laboratory work, and
statistical analysis, and prepared the paper for submission.
MF: participated in conducting the laboratory work and
preparing the paper for submission. RM: participated in
conducting the laboratory work and preparing the paper for
submission. SA: participated in preparing the design of the
research, participated in conducting laboratory work, and

27



HOT SPOTS CNVS, 150 METHYLATION, AND SHANK3 SNPS IN AUTISTIC CHILDREN

statistical analysis, and prepared the paper for submission.
AM: participated in conducting the laboratory work and
preparing the paper for submission. FH: participated in
the clinical evaluation of the patients and prepared the
paper for submission. ME: participated in performing the
laboratory work, and preparing the paper for submission.
NM: participated in the clinical evaluation of the patients
and prepared the paper for submission. All authors have
read and approved the manuscript.

DECLARATIONS

Ethics approval and consent to participate

The study was approved by the ethical committee of the
National Research Centre, Egypt (16-373), which follows
the ethical standards of the Declaration of Helsinki. All
participants gave informed written consent before their
inclusion in the study.

CONFLICT OF INTEREST

There are no conflicts of interest.

REFERENCES

American Psychiatric Association (2013). Autistic
spectrum disorders. In: a diagnostic and
statistical manual of mental disorders, 5" edn.
Arlington: APA. p. 50-9.

Apte M., Kumar A. (2023). Correlation of mutated
gene and signalling pathways in ASD. IBRO
Neurosci Rep. 14:384-392.

Abdelrahman AH., Eid OM., Ibrahim MH., Abd El-
Fattah SN., Eid MM., Meguid NA. (2021).
Evaluation of circulating miRNAs and mRNAs
expression patterns in autism spectrum disorder.
Egypt J. Med Hum Genet. 22:1-0.

Bacchelli E., Battaglia A., Cameli C., Lomartire S.,
Tancredi R., Thomson S., et al. (2015). Analysis
of CHRNA?7 rare variants in autism spectrum
disorder susceptibility. Am J. Med Genet A.
167(4):715-23.

Berkel S., Marshall CR., Weiss B., Howe J., Roeth
R., et al. (2010). Mutations in the SHANK2
synaptic scaffolding gene in autism spectrum
disorder and mental retardation. Nat. Genet. 42,
489-491.

Bijlsma EK., Gijsbers AC., Schuurs-Hoeijmakers
JH., van Haeringen A., Fransen van de Putte
DE., Anderlid BM., et al. (2009). Extending
the phenotype of recurrent rearrangements of
16p11.2: Deletions in mentally retarded patients

without autism and in normal individuals. Eur J.
Med Genet 52:77-87.

Boccuto L., Lauri M., Sarasua SM., Skinner CD.,
Buccella D., Dwivedi A., et al (2013).
Prevalence of SHANK3 variants in patients
with different subtypes of autism spectrum
disorders. European journal of human genetics:
EJHG, 21(3), 310-316.

Budisteanu M., Papuc SM., Streata 1., Cucu M.,
Pirvu A., Serban-Sosoi S., et al. (2021). The
phenotypic spectrum of 15ql13. 3 region
duplications: report of 5 patients. Genes (Basel).
12(7):1025.

Centers for Disease Control (2018). Prevalence of
autism Spectrum disorder among children aged
8 years - autism and developmental disabilities
monitoring network,11 sites, United States,
2014. MMWR Surveill Summ. (Washington,
DC:2002), 67(6), 1-23.

Chilakamarri L., Mellin-Sanchez EL. (2022).
Complex chromosomal rearrangement
involving 15q11-q13 interstitial triplication and
duplication: A new case report of dysmorphic
and neuropsychiatric features. Clin Case Rep.
10(5):e05835.

Choi SY., Pang K., Kim JY., Ryu JR., Kang H., Liu Z.,
et al. (2015). Post-transcriptional regulation of
SHANK3 expression by microRNAs related to
multiple neuropsychiatric disorders. Mol Brain.
8:1-2.

Choi JE., Kaang BK. (2023). Increased social

interaction in Shank2-deficient mice following

acute social isolation. Mol Brain. 16(1):35.

Dawson AJ., Cox J., Hovanes K., Spriggs E. (2015).
PWS/AS MS-MLPA confirms maternal origin
of 15q11. 2 microduplication. Case Rep Genet.
(1):474097.

Dunn W. (1999). Sensory Profile: User’s Manual.
Psychological Corp.

Fernandez BA., Roberts W., Chung B., Weksberg R.,
Meyn S., Szatmari P., et al. (2010). Phenotypic
spectrum associated with de novo and inherited
deletions and duplications at 16pll.2 in
individuals ascertained for diagnosis of autism
spectrum disorder. J. Med Genet 47:195-203.

Fetit R., Price DJ., Lawrie SM., Johnstone M. (2022).
Understanding the clinical manifestations

28



Abdel Kader et al.

of 16pl1.2 deletion syndrome: a series of
developmental case reports in children.
Psychiatr Genet. 30(5), 136—140.

Genovese A., Butler MG. (2023). The Autism
Spectrum: Behavioral, Psychiatric and Genetic
Associations. Genes (Basel). 14(3):677. doi:
10.3390/genes14030677. PMID: 36980949;
PMCID: PMC10048473.

Gillentine MA., Schaaf CP. (2015). The human clinical
phenotypes of altered CHRNA7 copy number.
Biochem Pharmacol. 97(4):352-62.

Gillentine MA., Berry LN., Goin-Kochel RP., Ali MA.,
Ge J., Guffey D., et al. (2017). The cognitive
and behavioral phenotypes of individuals with
CHRNA7 duplications. J. Autism Dev Disord.
47:549-62.

Gillentine MA., Lozoya R., Yin J., Grochowski CM.,
White JJ., Schaaf CP., et al. (2018). CHRNA7
copy number gains are enriched in adolescents
with major depressive and anxiety disorders. J.
Affect Disord. 239:247-52.

Green Snyder L., D’Angelo D., Chen Q., Bernier R.,
Goin-Kochel RP., Wallace AS., ef al. (2016).
Autism spectrum disorder, developmental and
psychiatric features in 16pl1. 2 duplication. J.
Autism Dev Disord. 46:2734-48.

Guilmatre A., Huguet G., Delorme R., Bourgeron T.
(2014). The emerging role of SHANK genes
in neuropsychiatric disorders. Dev Neurobiol.
74(2):113-22.

Hassani Nia F., Woike D., Bento I., Niebling S.,
Tibbe D., Schulz K., et al. (2022). Structural
deficits in key domains of Shank2 lead to
alterations in postsynaptic nanoclusters and to
a neurodevelopmental disorder in humans. Mol
Psychiatry. 30:1-5.

Jiang M., Lu T., Yang K., Li X., Zhao L., Zhang D, et
al. (2023). Autism spectrum disorder research:
knowledge mapping of progress and focus
between 2011 and 2022. Front Psychiatry.
14:1096769.

Jonsson L., Zettergren A., Pettersson E., Daniel H.,
Henrik A., Lars W., ef al. (2014). Association
study between  autistic-like  traits and
polymorphisms in the autism candidate regions
RELN, CNTNAP2, SHANK3, and CDH9/10.
Molecular Autism; 5(1):55-65.

Ko HG., Oh SB., Zhuo M., Kaang BK. (2016). Reduced
acute nociception and chronic paininShank2—/—
mice. Mol Pain. 12:1744806916647056.

Leblond CS., Nava C., Polge A., Gauthier J., Huguet
G., Lumbroso S., et al. (2014). Meta-analysis
of SHANK Mutations in Autism Spectrum
Disorders: a gradient of severity in cognitive
impairments. PLoS genetics, 10(9).

Lee YS., Yu NK., ChunJ., Yang JE., Lim CS., Kim H.,
et al. (2020). Identification of a novel Shank2
transcriptional variant in Shank2 knockout
mouse model of autism spectrum disorder. Mol
Brain. Apr 6;13(1):54.

Lord C., Brugha TS., Charman T., Cusack J., Dumas
G., Frazier T., et al. (2020). Autism spectrum
disorder. Nat Rev Dis Primers. 6(1):1-23.

Lowther C., Costain G., Stavropoulos DJ., Melvin
R., Silversides CK., Andrade DM., et al.
(2015). Delineating the 15q13. 3 microdeletion
phenotype: a case series and comprehensive
review of the literature. Genet Med. 17(2):
149-57.

Manning C., Hurd PL., Read S., Crespi B. (2021).
SHANK3 Genotype Mediates Speech and
Language Phenotypes in a Nonclinical
Population. Autism Res Treat. (1):6634584.

Mashayekhi F., Mizban N., Bidabadi E., Salehi Z.
(2021). The association of SHANK3 gene
polymorphism and autism. Minerva Pediatr
(Torino) [Internet]. 73(3):251-5.

Masurel-Paulet A., Andrieux J., Callier P., Cuisset
JM., Le Caignec C., Holder M., et al. (2010).
Delineation of 15q13.3 microdeletions. Clin
Genet 78:149-161.

Metwally AM., Helmy MA., Salah EI-Din EM.,
Saleh RM., Abdel Raouf ER., Abdallah AM.,
et al. (2023). National screening for Egyptian
children aged 1 year up to 12 years at high
risk of Autism and its determinants: a step for
determining what ASD surveillance needs.
BMC psychiatry. 23(1):471.

Meguro-Horike M., Yasui DH., Powell W,
Schroeder DI., Oshimura M., Lasalle JM.,
et al. (2011). Neuron-specific impairment of
inter-chromosomal pairing and transcription
in a novel model of human 15qduplication
syndrome. Hum Mol Genet 20:3798-3810.

29



HOT SPOTS CNVS, 150 METHYLATION, AND SHANK3 SNPS IN AUTISTIC CHILDREN

Meguid NA., Eid MM., Mohamed AM., Ghanoum H.,
Helmy NA., Eid OM. (2018). Contribution of
chromosomal abnormalities at 10q and 22q to
autism. Res Autism Spectr Disord. 50:43-50.

Meguid NA., Eid OM., Reda M., Elalfy DY., Hussein
F. (2020). Copy number variations of SHANK3
and related sensory profiles in Egyptian children
with autism spectrum disorder. Res Autism
Spectr Disord. 75:101558.

Monteiro P., Feng G. (2017). SHANK proteins: roles
at the synapse and in autism spectrum disorder.
Nat Rev Neurosci. 18(3):147-57.

Moore DJ. (2015). Acute pain experience in
individuals with autism spectrum disorders: a
review. Autism. 19(4):387-99.

Oberman LM., Boccuto L., Cascio L., Sarasua S.,
Kaufmann WE. (2015). Autism spectrum
disorder in Phelan-McDermid syndrome:
initial characterization and genotype-phenotype
correlations. Orphanet J. Rare Dis10:1-9.

Olson H., Shen Y., Avallone J., Sheidley BR., Pinsky
R., Bergin AM., et al. (2014). Copy number
variation plays an important role in clinical
epilepsy. Ann Neurol. 75(6):943-58.

Osorio JM., Rodriguez-Herreros B., Romascano D.,
Junod V., Habegger A., Pain A., et al. (2021).
Touch and olfaction/taste differentiate children
carrying a 16p11. 2 deletion from children with
ASD. Mol Autism. 12:1-4.

Ozaltun MF., Geyik S., Yilmaz SG. (2021). Screening
for copy number variations of the 15ql3. 3
hotspot in CHRNA7 gene and expression in
patients with migraines. Curr Issues Mol Biol.
43(2):1090-113.

Posar A., Visconti P. (2020). Neuro-Behavioral
Phenotype in 16pll. 2 Duplication: A Case
Series. Children (Basel). 7(10):190.

Qin J., Jia M., Wang L., Lu T., Ruan Y., Liu J., et al.
(2009). Association study of SHANK3 gene
polymorphisms with autism in Chinese Han
population. BMC medical genetics. 10, 61.

Qiu S.,, Li Y, Li Y., Zhong W., Shi M., Zhao Q., et
al. (2018). Association between SHANK3
polymorphisms and susceptibility to autism
spectrum disorder. Gene. 651:100-105.

Rein B., Yan Z. (2020). 16pll. 2 copy number
variations and neurodevelopmental disorders.
Trends Neurosci. 43(11):886-901.

Rodriguez-Gomez DA., Garcia-Guaqueta DP., Charry-
Sanchez JD., Sarquis-Buitrago E., Blanco
M., Velez-van-Meerbeke A., et al. (2021). A
systematic review of common genetic variation
and biological pathways in autism spectrum
disorder. BMC Neurosci.. 22:1-2.

Rutter M., Le Couteur A., Lord C. (2003). Autism
diagnostic interview-revised. Los Angeles, CA:
Western Psychological Services. 29:30.

Ryan NM., Heron EA. (2023). Evidence for parent-
of-origin effects in autism spectrum disorder: a
narrative review. J. Appl Genet. 64(2):303-17.

Sala C., Vicidomini C., Bigi 1., Mossa A., Verpelli C.
(2015). Shank synaptic scaffold proteins: keys
to understanding the pathogenesis of autism
and other synaptic disorders. J. Neurochem.
135(5):849-58.

Shao S., Xu S., Yang J., Zhang T., He Z., Sun Z., et
al. (2014). A commonly carried genetic variant,
1s9616915, in SHANK3 gene is associated with
a reduced risk of autism spectrum disorder:
replication in a Chinese population. Mol Biol
Rep. 41:1591-5.

Schefter IE., Grinton BE., Heron SE., Kivity S., Afawi
Z., lona X., et al. (2012). PRRT2 phenotypic
spectrum includes sporadic and fever-related
infantile seizures. Neurology. 79(21):2104-8.

Schmeisser MJ. (2015). Translational neurobiology
in Shank mutant mice-Model systems for
neuropsychiatric disorders. Ann Anat. 200:
115-7.

Schopler E., Reichler RJ., DeVellis RF., Daly K.
(1980). Toward objective classification of
childhood autism: Childhood Autism Rating
Scale (CARS). J Autism Dev Disord. 10(1):
91-103.

Siddiqua H., Akter Y., Uddin MN., Kumkum M.,
Hossain MA., AzizMA., et al. (2022). SHANK3
genetic polymorphism and susceptibility to
ASD: evidence from molecular, in silico, and
meta-analysis approaches. Mol Biol Rep.
49(9):8449-60.

30



Abdel Kader et al.

Sinkus ML., Graw S., Freedman R., Ross RG.,
Lester HA., Leonard S. (2015). The human
CHRNA7 and CHRFAM7A genes: A review
of the genetics, regulation, and function.
Neuropharmacology. 96(Pt B):274-88.

Smith H., Lane C., Al-Jawahiri R., Freeth M. (2022).
Sensory processing in 16pll. 2 deletion and
16pll. 2 duplication. Autism Res. 15(11):
2081-98.

Soler-Alfonso C., Carvalho CM., Ge J., Roney EK.,
Bader PI., Kolodziejska KE., et al. (2014).
CHRNAY7 triplication associated with cognitive
impairment and neuropsychiatric phenotypes in
a three-generation pedigree. Eur J Hum Genet
22:1071-1076.

Sungur AO. (2017). Disentangling the Role of
SHANKI in a Mouse Model for Autism
Spectrum Disorder: From Brain to Behavior.
Philipps-Universitidt Marburg.

Szafranski P., Schaaf CP., Person RE., Gibson IB., Xia
Z., Mahadevan S., et al. (2010). Structures and
molecular mechanisms for common 15q13.3
microduplications involving CHRNA?7: Benign
or pathological? Hum. Mutat. 31, 840—850.

Van Bon BW., Mefford HC., Menten B., Koolen DA,
Sharp AJ., Nillesen WM., et al. (2009). Further
delineation of the 15q13 microdeletion and
duplication syndromes: A clinical spectrum
varying from non-pathogenic to a severe
outcome. J. Med. Genet. 46, 511-523.

Vysotskiy M., Zhong X., Miller-Fleming TW., Zhou
D., Autism Working Group of the Psychiatric
Genomics Consortium, Bipolar Disorder
Working Group of the Psychiatric Genomics

Consortium, et al. (2021). Integration of genetic,
transcriptomic, and clinical data provides
insight into 16p11. 2 and 22q11. 2 CNV genes.
Genome Med. 13:1-26.

Whitney R., Nair A., McCready E., Keller AE., Adil
IS., Aziz AS., et al. (2021). The spectrum of
epilepsy in children with 15q13. 3 microdeletion
syndrome. Seizure. 92:221-9.

Waga C., Okamoto N., Ondo Y., Fukumura-Kato
R., Goto Y., Kohsaka S., ef al. (2011). Novel
variants of the SHANK3 gene in Japanese
autistic patients with severe delayed speech
development. Psychiatric Genetics. 21(4):
208-211.

Wan L., Liu D., Xiao WB., Zhang BX., Yan XX., et
al. (2022). Association of SHANK Family with
Neuropsychiatric Disorders: An Update on
Genetic and Animal Model Discoveries. Cell
Mol Neurobiol. 42(6):1623-1643.

Wang L., Wang B., Wu C., Wang J., Sun M. (2023).
Autism spectrum disorder: neurodevelopmental
risk factors, biological mechanism, and
precision therapy. Int J Mol Sci. 24(3):1819.

Weiss LA., Shen Y., Korn JM., Arking DE., Miller DT.,
Fossdal R., et al. (2008). Association between

microdeletion and microduplication at 16p11. 2
and autism. N Engl J. Med. 358(7):667-75.

Zuftery F., Sherr EH., Beckmann ND., Hanson E.,
Maillard AM., Hippolyte L., et al. (2012). A 600
kb deletion syndrome at 16p11.2 leads to energy
imbalance and neuropsychiatric disorders. J.
Med Genet 49:660—-668.

31



