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Autism spectrum disorder (ASD) is characterized by multifactorial etiology and 
high heritability but can be  challenging to be  diagnosed, especially in cases 
presenting subthreshold symptoms with no cognitive or language impairment, 
which may not be identified until adulthood but may occur in family members of 
subjects with ASD. This study explores the possible correlation between a genomic 
imbalance and clinical phenotypes in a family case of a proband with ASD, with 
subjects presenting full-blown or subthreshold ASD and/or mood disorders. 
Clinical assessments were carried out by means of the Structured Clinical 
Interview for DSM-5 (SCID-5) disorders, Autism Spectrum Quotient (AQ), Autism 
Diagnostic Interview–Revised (ADI-R), Autism Diagnostic Observation Schedule 
Module 2 (ADOS-2), and Adult Autism Subthreshold Spectrum (AdAS Spectrum). 
The genetic evaluation included array comparative genomic hybridization (array-
CGH). The proband was diagnosed with ASD and bipolar disorder type I (BD-I), 
her twin brothers with ASD and intellectual disability (ID), and her father and sister 
with BD type II (BD-II) and autism traits. The proband, her father, twin brothers, 
and older sister showed a microduplication of 350  kb in 20q11.21. In contrast, the 
proband’s mother did not present the microduplication or any mental disorder. 
This study reports a microduplication that segregates with family members 
affected by ASD or autistic traits comorbid in some cases with bipolar disorder, 
and that has never been reported in healthy subjects. Among the genes harbored 
in this region, the TM9SF4 gene has been recently implicated in risk for ASD.
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1 Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental 
disorder (ND) characterized by an impairment of verbal and 
non-verbal communication, a pattern of narrow interests, and 
repetitive and stereotyped behaviors (1). The World Health 
Organization (WHO) estimates the international prevalence of ASD 
at 0.76% in the general population (1).

Most patients are diagnosed with ASD during childhood and 
present a mild-to-severe impairment, which is often associated with 
other neurodevelopmental or mental disorders. Despite increasing 
attention, many cases, particularly those with normal intelligence, 
remain undiagnosed or misdiagnosed until adulthood (2). They often 
come to the attention of the clinician for other mental disorders (such 
as anxiety, mood disorders, psychoses, trauma, and stress-related 
disorders) that can mislead the recognition of autistic traits (3–5). For 
this reason, it is being debated whether some mental disorders could 
be entangled across the lifespan with autism spectrum subthreshold 
forms that may constitute a vulnerability factor for mental disorders 
(6). Furthermore, autistic traits may also be  detected in family 
members of subjects with ASD, either or not comorbid with the same 
mental disorders, corroborating the role of the interplay among 
these disorders.

Although the causes of ASD remain largely unexplained, genetic 
and genomic variations play an important pathogenic role, as 
highlighted by the high heritability of this disorder (7, 8). A meta-
analysis of twin studies estimated heritability in the range of 64–91% 
(9). In a recent large population-based multinational cohort study, the 
heritability of ASD was estimated to be approximately 80% (10). ASD 
is characterized by a remarkable genetic heterogeneity and, so far, 
more than 100 ASD susceptibility loci have been identified (11). The 
reported variants range from point mutations to large copy number 
variants (CNVs) and can be common or rare, de novo, or inherited 
(11). The genes associated with ASD are involved in diverse biological 
processes, such as synaptic plasticity, chromatin remodeling, gene 
transcription, and protein degradation (12, 13).

In addition to genetic heterogeneity, literature evidence 
demonstrates the pleiotropic effect of many genetic factors associated 
with ASD, where the same genetic alteration may express several 
phenotypes (11, 14). For example, some genes such as NFIA1 and 
DGL2, when altered, give rise to ASD and a wide spectrum of 
neurodevelopmental disorders, strengthening the idea that a single 
gene can be  part of different molecular pathways responsible for 
different phenotypic outcomes (15, 16).

The complex genotypic and phenotypic architecture of ASD is 
further complicated by the observation that inherited genomic 
variants can be  present in unaffected siblings and parents (17), 
reducing the strength of the genotype–phenotype associations. 
However, considering the complex clinical picture of ASD and the 
clinical relevance of subthreshold forms of ASD, a thorough 
phenotypic characterization of relatives of patients is recommended 
when possible. Subthreshold ASD symptoms, identified in siblings 
and parents “apparently unaffected” sharing of the same genetic 
variant present in the full-blown ASD patient, could increase the 
strength of phenotype–genotype associations.

We report a familial case with five members showing a complex 
phenotype characterized by either subthreshold or full-blown ASD, 

along with other neurodevelopmental and psychiatric comorbidities, 
particularly mood disorders. Array comparative genomic 
hybridization (array-CGH) analysis highlighted a microduplication of 
350 kb in 20q11.21 that segregated all the affected family members. 
This CNV has never been reported in healthy subjects and harbors 
several genes, including TM9SF4, that have been recently implicated 
in risk for ASD (18, 19).

2 Materials and methods

All participants were clearly informed about the study and had the 
opportunity to ask questions after having provided written informed 
consent. All participants were interviewed by means of the Structured 
Clinical Interview for DSM-5 (SCID-5) (20), a semi-structured 
interview to diagnose mental disorders according to DSM-5 criteria, 
and the following self and hetero-administrated tests: Autism 
Spectrum Quotient (AQ), Autism Diagnostic Interview-Revised 
(ADI-R), Autism Diagnostic Observation Schedule Module 2 (ADOS-
2), and Adult Autism Subthreshold Spectrum (AdAS Spectrum) (21).

2.1 Psychiatric questionnaires

 • Structured Clinical Interview for DSM-5 (SCID-5) is a semi-
structured interview that provides a diagnosis based on DSM. The 
interviewer’s clinical judgment about the interviewee’s responses 
is required, as well as the interviewer’s knowledge and clinical 
experience in the field of psychopathology, DSM classifications, 
and diagnostic criteria (20).

 • Autism Spectrum Quotient (AQ) is a self-administered tool that 
measures at what level each adult individual with normal IQ is 
placed within the continuum of autistic socio-communicative 
disability, that is, how much each individual presents “traits 
autistic.” The QA consists of 50 questions, divided into 5 domains, 
that evaluate 5 different areas as follows: (1) social skills, (2) 
ability to vary attention, (3) attention to detail, (4) 
communication, and (5) imaginative ability. For each question, 
there are 4 possible answers (totally agree, partially agree, 
partially disagree, and totally disagree). Autistic traits are 
considered clinically significant total when a score greater than 
or equal to 32 is reported (21).

 • Autism Diagnostic Interview-Revised (ADI-R) is a semi-structured 
interview that helps in distinguishing autistic individuals from 
those with language impairment and mental retardation. It 
consists of sections on early development, communication, social 
development and play, repetitive and restricted behaviors, and 
behavior problems. The ADI-R is divided into three domains as 
follows: (1) language/communication (cut-off ≥8), (2) reciprocal 
social interaction (cut-off ≥10), and (3) repetitive behaviors/
interests (cut-off ≥3). To receive a diagnosis of autism spectrum 
disorder, subjects must score over the cut-off points in all 
domains of the ADI-R (22, 23).

 • Autism Diagnostic Observation Schedule (ADOS) is a standardized 
instrument that assesses social interaction, communication, and 
imagination during a semi-structured interview with a trained 
examiner. Module 2 (ADOS-2) consists of the following domains: 

https://doi.org/10.3389/fpsyt.2023.1240663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Simoncini et al. 10.3389/fpsyt.2023.1240663

Frontiers in Psychiatry 03 frontiersin.org

communication (cut-off for autism diagnosis ≥ 3, cut-off for 
autistic spectrum ≥ 2), social interaction (cut-off for autism 
diagnosis ≥ 6, cut-off for autistic spectrum ≥ 4), and 
communication and social interaction (cut-off for autism 
diagnosis ≥ 10, cut-off for autistic spectrum ≥ 7) (24).

 • Adult Autism Subthreshold Spectrum (AdAS Spectrum) 
questionnaire includes 160 items grouped into seven domains, 
allowing the evaluation of a wider spectrum of manifestations of 
autism. The responses of the items are binary (yes/no), and 
domain scores correspond to the sum of positive answers. The 
“childhood/adolescence” domain includes symptoms related to 
early developmental phases. The “verbal communication” 
domain covers features of the speaking questionnaire, including 
physical contact. The “empathy” domain explores impairment in 
standing and interpreting facial expressions, intentions, or 
thoughts, as well as the presence of intense attachment to pets or 
objects. The “inflexibility and adherence to routine” domain 
includes difficulty in understanding the subtle aspects of verbal 
communication, insistence on sameness and habits, 
unwillingness to eliminate useless objects, and tendency to 
follow specific procedures. The “restricted interests and 
rumination” domain includes the tendency to talk about a few 
preferred topics and being fascinated by numbers and the 
tendency to waste time over details, to lose track of time, and to 
take refuge in daydreaming. The “hyper/hypo-reactivity to 
sensory input” domain explores the tendency to over- or under-
react to stimuli, such as textures, smells, noises, temperature, 
and pain (3).

2.2 Molecular analysis

Array comparative genomic hybridization (array-CGH). Genomic 
DNA of the patients was isolated from peripheral blood by standard 
methods; DNA from healthy subjects (a male subject and a female 
subject) was used as control (Agilent Technologies, Santa Clara, 
California, United States). In total, 200 ng of genomic DNA both from 
the patient (test sample) and the control (reference sample) were 
differentially labeled with Cy5-dCTP or with Cy3-dCTP using 
random primer labeling according to the manufacturer’s protocol 
(Agilent). The labeling reactions were applied to the 60 K oligo-arrays 
(Agilent) and incubated for 24 h at 65°C in an oven. Slides were 
washed and scanned using the Agilent scanner. The identification of 
individual spots on scanned arrays and quality slide evaluation was 
performed with the Agilent dedicated software (Feature Extraction, 
Agilent).

The 60 K slides have a 41 Kb overall median probe spacing (33 KB 
in Refseq genes).

Copy number variants (CNVs) were identified with Cytogenomics 
3.0.6.6 (Agilent), using the Aberration Detection Method 2 (ADM-2) 
algorithm. This algorithm identifies aberrant intervals in a sample that 
has consistently high or low log ratios based on their statistical score. 
ADM-2 uses an iterative procedure to find all genomic intervals with 
scores above a user/specified statistical threshold value. The threshold 
was set to a minimum of 6, with the minimum number of probes 
required in a region of 3 and a minimum absolute log ratio of 0.25. 
The score represents the deviation of the weighted average of the 

normalized log ratios from its expected value of zero. It incorporates 
quality information about each probe measurement.

CNVs classified as pathogenic, likely pathogenic, or variant of 
unknown significance (VUS) were reported according to the 
American College of Medical Genetics guidelines and the European 
Guidelines for constitutional cytogenetic analysis (25, 26).

The CNV detected in the family was reported according to the 
Genome Reference Consortium Human Build 37 (GRCh37/ hg19).

2.3 Bioinformatic analysis

CNV classification was performed using databases such as the 
Database of Genomic Variants (DGV; see text footnote 1), Database 
of Chromosome Imbalance and Phenotype in Humans using Ensembl 
Resources (Decipher),1 University of California Santa Cruz (UCSC) 
Genome Browser,2 and Clin Var.3

Sfari (see footnote 3), PubMed,4 Online Mendelian Inheritance in 
Man (OMIM) (see text footnote 2) GeneCards,5 and Gene Curation 
Coalition annotations (Gen CC; see text footnote 4) were also checked 
for evaluating genotype–phenotype association.

The research single-nucleotide variants (SNVs) were performed 
in the DECIPHER (see footnote 1), ClinVar, Leiden Open Variation, 
and HGMD databases.

Data on the expression profiles were assessed using GTEx6 and the 
UCSC (see footnote 2).

3 Results

Case II-4 is a 24-year-old woman, who was first evaluated at the 
Psychiatry Clinic of the University of Pisa (Pisa, Italy) for symptoms 
related to a major depressive episode occurring in the framework of a 
diagnosis of bipolar disorder I (BD-I), according to the SCID-5. At the 
time of the first assessment, she reported in her family history two 
twin brothers (II-2 and II-3) with a diagnosis of ASD and intellectual 
disability (ID) at an early age. Family members were asked to 
be assessed by means of psychometric evaluations and genetic analyses 
included in the present study. In Figure 1, the family tree is depicted. 
Below are described the clinical features of each family member and 
the results of the genetic analyses.

3.1 Case presentation

Case II-4, the proband, is a 24-year-old woman who received, 
during childhood, a diagnosis of specific language impairment (SLI), 
hearing loss, physical abnormality of the speech apparatus, ASD, and 
apraxia. She required a support teacher at school and was able to 
obtain basic levels of education. The patient maintained sufficient 

1 https://www.deciphergenomics.org/

2 https://genome.ucsc.edu/

3 https://www.ncbi.nlm.nih.gov/clinvar/

4 http://www.ncbi.nlm.nih.gov/pubmed

5 https://www.genecards.org

6 https://www.gtexportal.org/
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functioning with discrete relationships with peers and family 
members. She reported suffering from episodes of bullying during 
adolescence, which caused subjective distress characterized by 
emotional lability, crying fits, anxiety, episodes of verbal and physical 
behavioral dyscontrol in the family contest, and difficulties in social 
relationships that worsened at the age of 19 after her parent’s divorce. 
She first received psychiatric treatment at the age of 22 years because 
of a progressive worsening of mood symptoms with frequent mood 
swings. She was followed at the local outpatient psychiatric services 
and administered mood stabilizers (oxcarbazepine up to 300 mg/day) 
with clinical benefit. The following year, she reported a progressive 
worsening of depressive symptoms with increasing mood swings, 
episodes of verbal and behavioral dyscontrol, and increasing suicidal 
thoughts, which determined her first admission to the inpatient unit 
of the Psychiatric Clinic of the University of Pisa (Pisa, Italy). Based 
on the psychiatric evaluation according to the SCID-5, the patient 
received a diagnosis of bipolar disorder type I (BD-I) in comorbidity 
with ASD and was treated with risperidone up to 3 mg/day, lithium 
sulfate up to 124.5 mg/day, chlorpromazine up to 150 mg/day, 
gabapentin up to 900 mg/day, oxcarbazepine 900 mg/day. Clinical 
evaluation through structured questionnaires revealed significant 
ASD symptoms, as measured through both the AdAS (total 
score = 100/160, cut-off point < 70), the AQ (total score = 40/50, 
cut-off point < 26), the ADI-R (language/communication: 10; 
reciprocal social interactions: 10; and repetitive behaviors/interests: 
5), and the ADOS-2 (communication: 4; social interaction: 6; 
communication, and social interaction: 10). During the interview, the 
patient was described as collaborative, communication was well 
represented in the elicited and spontaneous component, with a 
tendency to give answers that were not consistent with the context and 
a tendency to focus on topics of her interest. She seemed 
uncomfortable engaging in imaginary games independently of the 
examiner. She was interested in objects’ details and expressed narrow 
interests, especially in history and archeology (Figure 1).

Cases II-2 and II-3 are proband’s monozygotic twin brothers, aged 
30 years old. They had been followed by the Infant Neuropsychiatry 
Unit of the University of Pisa (Pisa, Italy) since their childhood and 
were diagnosed with ASD and ID according to the SCID-5, 
characterized by impairments in language, intelligence, and motor 
skills. During childhood, speaking ability was lacking, and there was 
little attachment to parental figures, especially in relation to separation 
from parents; there were difficulties in relationships with peers, with 
a tendency to isolation. The relationship with objects was characterized 
by a few elementary and stereotyped actions; moreover, it was 
reported the typical difficulty in imitation games. Over the years, 
cognitive deficits persisted with difficulties in language that were 
accompanied by symptoms of anxiety, with a tendency to routine and 
inflexibility, together with the presence of obsessive control rituals. 
Both patients reached basic levels of education (middle school) with 
great difficulty that required continuous support.

Case II-1 is a 33-year-old woman, the sister of case II-4. Her 
psychomotor development is reported as normal. She describes herself 
as a sociable person with high energy levels and an irritable 
temperament. During her childhood, she did not have a good 
academic performance. She reported a failure at the age of 12 years 
old, but she was able to obtain a higher school degree. Over the years, 
the patient developed mood instability with periods characterized by 
fluctuating energy levels and sporadic episodes of mood bending 
alternating with episodes in which she felt particularly irritable and 
energetic with little need for sleep. However, she did not seek medical 
attention. When she was 30 years old, she underwent 
psychopharmacological therapy based on SSRI antidepressants and 
benzodiazepines due to a clinical symptomatology characterized by 
depressed mood with anxiety. Based on the psychiatric evaluation 
according to the SCID-5, the patient received a diagnosis of bipolar 
disorder type II (BD-II). During the clinical evaluation, she was quite 
cooperative. From the interview conducted through the AQ, the 
ADI-R, and the ADOS-2, autistic traits emerged, above all, the 

FIGURE 1

The family tree. The arrow indicates the proband (II-4). The black pattern indicates full-blown ASD, the gray pattern indicates subthreshold ASD, the 
vertical line pattern indicates BD-II, the horizontal line pattern indicates ID, and the slanting line pattern indicates bipolar disorder I.
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presence of a particular inflexibility and routine with difficulty in 
changing daily habits, the conducting of nuanced rituals before 
starting to write or knocking on the door, the need to proceed in the 
workplace according to very specific schemes and procedures. She got 
angry if everything did not go as she wanted and remained rigid about 
her beliefs, hardly changing a decision already made or an opinion 
that she considered well founded. There was also reported a tendency 
to ruminate during the day and even before falling asleep. During the 
interview, it was observed that the patient had difficulty in grasping 
the abstract or metaphorical meaning of certain phrases or expressions.

Case I-2 is the proband’s 55-year-old father (also a father of cases 
II-1, II-2, and II-3). Employed as a workman, he reported a normal 
psychomotor development with poor academic performances across 
school ages, along with difficulties in relationships with peers during 
adolescence and being a victim of several episodes of bullying by peers. 
He describes himself as a very shy, generous person, not inclined to easily 
engage in social relationships. He reported a major depressive episode in 
the aftermath of a stressful vital event (separation from his wife), with 
depressed mood and emotional lability, frequent crying, feelings of 
loneliness, and suicidal ideation that ended in a suicide attempt. For this 
reason, he  was treated with psychopharmacological therapy for 
approximately 1 year, following discontinuation of psychiatric treatments 
and full recovery that persisted over the years. Based on the psychiatric 
evaluation according to the SCID-5, he received a diagnosis of BD-II 
with lifetime depressive episodes, often underdiagnosed and 
undertreated. The clinical evaluation through structures questionnaires 
revealed that the patient showed significant ASD symptoms, as measured 
through the AQ (total score = 32/50, cut point < 26), the ADI-R 
(language/communication: 9; reciprocal social interactions: 10; and 
repetitive behaviors/interests: 4), and the ADOS-2 (communication: 2; 
social interaction: 4; and communication and social interaction: 7), with 
high scores in the routine and inflexibility domains that suggested the 
patient’s tendency to be  particularly habitual, precise, orderly, and 
inflexible. Moreover, the patient reported high scores in the childhood 
and adolescence domains with difficulty in relationships with peers, 
restricted interests at school, a tendency to clinophilia, fear of socializing 
on recreational occasions, and social phobia (specific anxieties and 
phobic features, interpersonal sensitivity). During the interview, the 
patient was quite cooperative. Speech was mainly represented in the 
elicited component, less in the spontaneous one. Eye contact was elusive. 
Mimic and gesticulation were underrepresented. He  seemed 
uncomfortable engaging in imaginary games, regardless of the examiner.

Case I-1 is the proband’s 50-year-old mother (also a mother of 
cases II-1, II-2, and II-3). She did not have any neurodevelopment 
problems, and she worked as a clerk in a private company. The reports 
showed good work functioning. She is a smiling, sociable, optimistic 
person. Despite the family difficulties, she shows herself as a strong 
and well-groomed woman. According to the tests performed (AdAS, 
AQ, ADI-R, and ADOS-2) and clinical interview, she did not satisfy 
the criteria for any mental disorder (Table 1).

3.2 Genetic analysis

Array-CGH detected a CNV that segregates the affected members 
of this family (I-2, II-1, II-2, II-3, and II-4), and it is not present in the 
mother (Figure 1). This CNV is a duplication of approximately 350 Kb 
in 20q11.2, starting from position 30,712,111 and ending at position 
31,062,545 (GRCh37/hg19).

This duplication has never been reported in healthy subjects 
(DGV).7 According to the RefSeq genes database, it harbors eight 
genes. Three of them, POFUT1(*607491), KIF3B (*603754) and 
ASXL1(*612992) are also reported in OMIM.8 Details about the 
biological role of genes included in this CNV are summarized in 
Table 2.

7 http://projects.tcag.ca/variation

8 http://www.omim.org

TABLE 1 Clinical questionnaire scores.

Family 
member

I-1 I-2 II-1 II-4

Age 50 55 33 24

Sex Female Male Female Female

Clinical 

questionnaires

Direct 

score

Direct 

score

Direct 

score

Direct score

AdAS Spectrum

(I) Childhood/

adolescence domain

3/21 10/21 4/21 14/21

(II) Verbal 

communication 

domain

2/21 8/18 6/18 13/18

(III) Non-verbal 

communication 

domain

4/21 8/28 5/28 13/28

(IV) Empathy 

domain

0/21 5/12 3/12 5/12

(V) Inflexibility and 

adherence to 

routine domain

10/43 12/43 12/43 27/43

(VI) Restrictive 

interests and 

rumination domain

0/21 8/21 7/21 19/21

(VII) Hyper-

Hyporeactivity to 

sensory input 

domain

0/21 5/17 3/17 9/17

AdAS spectrum 

total score

19/160 56/160 40/160 100/160*

AQ

Social skills domain 0/10 14/10 1/10 6/10

Attention switching 

domain

2/10 3/10 7/10 3/10

Attention to detail 

domain

0/10 7/10 5/10 15/10

Communication 

domain

3/10 2/10 0/10 10/10

Imagination domain 0/10 5/10 3/10 6/10

AQ total score 5/10 32/50* 16/10 40/50*

*Score above the threshold.
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TABLE 2 Genes harbored in the duplicated region.

Gene Function Omim disease Inheritance Phenotype

TM9SF4 

(transmembrane 9 superfamily 

member 4)

Involved in several processes, 

including positive regulation of 

protein localization; regulation 

of intracellular pH; and 

vacuolar proton-transporting 

V-type ATPase complex 

assembly

TSPY26P 

(Homo sapiens testis specific 

protein, Y-linked 26)

PSEUDOGENE

Predicted to enable chromatin 

binding activity and histone 

binding activity. Predicted to 

be involved in nucleosome 

assembly

PLAGL2 

(PLAG1 like zinc finger 2)

Involved in the recognition of 

DNA and/or RNA by a zinc-

finger domain

POFUT1 

(protein O-fucosyltransferase 1)

Adds O-fucose residues to 

epidermal growth factor-like 

repeats of a number of cell 

surfaces and secreted proteins. 

O-fucose glycans are involved 

in ligand-induced receptor 

signaling.

Dowling-Degos disease 2 AD characterized by reticular 

pigmentation(MIM #615327)

MIR1825 Non-coding RNA

KIF3B 

(kinesin family member 3B)

Involved as a heterodimer with 

kinesin family member 3A to 

aid in chromosome movement 

during mitosis and meiosis.

Retinitis pigmentosa 89 

(RP89)

(MIM #618955)

AD characterized by classic features of 

RP as well as features of ciliopathy, 

including postaxial polydactyly and 

renal and hepatic disease

Involved in the intracellular 

movement of membranous 

organelles.

ASXL1 

(ASXL transcriptional regulator 1)

Similar to Drosophila, an 

additional sex combs gene, 

which encodes a chromatin-

binding protein, is required for 

normal determination of 

segment identity in the 

developing embryo.

Bohring-Opitz syndrome 

(MIM #605039)

AD (MIM #605039) characterized by 

severe intrauterine growth 

retardation, poor feeding, profound 

mental retardation, trigonocephaly, 

prominent metopic suture, 

exophthalmos, nevus flammeus of 

the face, upslanting palpebral 

fissures, hirsutism, flexion of the 

elbows and wrists with deviation of 

the wrists and metacarpophalangeal 

joints

Thought to disrupt chromatin 

in localized areas, enhancing 

the transcription of certain 

genes while repressing the 

transcription of other genes.

Involved in co-activation for the 

retinoic acid receptor in 

cooperation with nuclear 

receptor coactivator 1.

Myelodysplastic syndrome, 

somatic (MIM #614286)

Mutations in this gene are 

associated with myelodysplastic 

syndromes and chronic 

myelomonocytic leukemia.

NOL4L

(nucleolar protein 4-like)

Homo sapiens chromosome 20 

open reading frame 112
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A search for the potential link between these genes and ASD 
highlighted that TM9SF4 is reported in Simons Foundation Autism 
Research Initiative (SFARI),9 a database for the autism research 
community with up-to-date information on causative and candidate 
genes for ASD. TM9SF4 presents a “sfari gene score” of 1 and an “eagle 
score” of 0.5. Moreover, according to the Gene Curation Coalition 
annotations (Gen CC),10 which provide information on gene–disease 
relationships based on online resources and on diagnostic laboratories 
that share their internal curated gene-level knowledge, this gene could 
be related to ASD (Table 2; Figure 2).

Genetic counseling was performed on the proband and her family, 
where the recurrence risk and the implications of this duplication 
were discussed.

4 Discussion

We discuss a family case report with five members characterized 
by the presence of either subthreshold or full-blown ASD measured 
through AdAS and AQ questionnaires, along with other 
neurodevelopmental and psychiatric comorbidities. The proband 
(II-4) was diagnosed with ASD and BD I; her father (I-2) showed 
significant ASD symptoms along with BD-II; her sister (II-1) full-filled 
criteria for the same disease, and although she reported ASD 
symptoms on the AdAS questionnaire, those did not reach cut-off 
points for a diagnosis of ASD; her twin brothers (II-2 and II-3) had 
been diagnosed with ASD along with ID. The mother (I-1) was the 
only member of the family who did not report current or lifetime 
mental disorders, as confirmed by the psychiatric assessments.

ASD is mainly diagnosed during childhood in subjects with 
impaired social functioning, verbal and non-verbal communication, 

9 https://gene.sfari.org

10 https://thegencc.org/

and narrow interests, often associated with mental, speech, and 
psychomotor delay. These clinical features are all present in the twin 
patients (II-2 and II-3) who received an early full-blown ASD 
diagnosis. Instead, subjects with mild forms of autism, with normal or 
above-average intelligence, may be misdiagnosed or diagnosed only 
in adulthood when they come to clinical observation for other late-
onset psychiatric disorders in comorbidity with ASD (3, 27). 
Accordingly, the proband (II-4) came to our attention for BD-I, and 
the familial anamnesis revealed a psychiatric disorder (BD-II) in her 
father I-2. Despite having encountered some difficulties during their 
training, both of them were able to obtain a high school degree. Case 
I-2 was able to engage in work activities, whereas Case II-4 presented 
poorer relational, social, and occupational functioning. Both showed 
mild autistic features and, according to the AQ test, were diagnosed 
with ASD at the ages of 23 and 52 years, respectively.

Previous studies reported that 57% of young patients with bipolar 
disorder, 38% with major depressive disorder, and 25% with anxiety 
disorder exceeded the clinical cut-off for quantitative ASD scales. 
Thus, supra-threshold and subthreshold autistic traits can 
be considered a vulnerability factor for different types of psychiatric 
disorders (28, 29), and there is a strong correlation between ASD and 
catatonia spectrum (30). Some characteristics associated with autistic 
psychopathology (such as brooding thinking, social withdrawal, 
rigidity, perfectionism, social phobia, anhedonia, and lack of empathy) 
could be reconsidered as an autistic core shared by different types of 
disorders, reflecting the high comorbidity rates between ASDs and 
other mental disorders (31).

Case II-1 did not meet the cut-points for a diagnosis of ASD but 
has clinically assessed subthreshold traits of the disorder and 
particular personality traits discussed above. This is in agreement with 
the literature showing that female subjects seem to maintain better 
socio-social skills than male subjects, especially if they have high-
functioning autism. Some non-social traits, in fact, appear less severe 
in adult females who display less eccentric and peculiar interests (32) 
or less frequent and pervasive stereotyped activities than in males (33). 
Women with subthreshold autism may develop the ability to 
camouflage or hide their social insecurities (34), and this may explain 
the less marked autistic traits in this patient and normal social skills.

The family reported here, with many affected members, is an 
excellent candidate for the research of genetic alterations. The 
array-CGH is the first-tier test to be used in the case of AD, ASD, ID, 
and DD since it has been shown to have a great detection rate in this 
population (25). This analysis highlighted a duplication of 350 kb in 
20q11.2 that segregates in all the affected members (I-2, II-1, II-2, II-3, 
and II-4), whereas it was not present in the unaffected mother (I-1).

This CNV has never been reported in healthy subjects. To evaluate 
its clinical significance, we looked at the available public databases that 
collect individuals with CNVs and pathological phenotypes. No 
overlapping duplications are present in Decipher, Clin Var, and Copy 
Number Variation Morbidity Map of Developmental Delay; all the cases 
reported here show either larger imbalances or additional alterations 
elsewhere in the genome. Only five “pure” 20q11.2 duplications are 
reported in the literature, but all of them are much larger and span 
several megabases (35). These cases show a quite severe clinical picture, 
including metopic ridging/trigonocephaly, developmental delay, 
epicanthal folds, and short hands, that could be related to genes not 
harbored in the duplication described here. In these cases, ASD or mood 
disorders were rarely reported; this can be explained by the fact that in 

FIGURE 2

Array-CGH with the 20q11.21 duplicated region. The red vertical line 
represents the threshold for deleted probes (−1). In contrast, the 
vertical blue line represents the value of 0.58, where the duplicated 
probes are expected to fall. The blue rectangle and the blue bar 
highlight the duplicated region.

https://doi.org/10.3389/fpsyt.2023.1240663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://gene.sfari.org
https://thegencc.org/


Simoncini et al. 10.3389/fpsyt.2023.1240663

Frontiers in Psychiatry 08 frontiersin.org

the databases, clinical features are not fully reported or that psychiatric 
tests have not always been administered.

As far as the gene content is concerned, this duplication 
encompasses the following eight genes: six coding protein genes 
(TM9SF4, PLAGL2, POFUT1, KIF3B, ASXL1, and NOL4L), one 
pseudogene (TSPY26), and one non-coding RNA (MIR1825; Table 2). 
Heterozygous loss of function of POFUT1, KIF3B, and ASXL1 is 
causative of syndromes (#615327, #618955, and #605039; Table 2), 
apparently not related to the clinical features of this family. However, 
the phenotypic effects of the duplication of these genes have never 
been described. Few data are available about PLAGL2 and NOL4L 
(Table  2); thus, it cannot be  excluded that their duplication may 
contribute to the phenotypic picture.

TM9SF4 is ubiquitously expressed and highly present in the 
central nervous system (CNS). Interestingly, its variants have been 
recently identified in studies of extremely large cohorts of ASD cases. 
A de novo missense variant predicted to be  pathogenetic was 
identified in an ASD proband from the Autism Sequencing 
Consortium, while four protein-truncating variants in this gene were 
observed in case samples from the Danish iPSYCH study (18, 19). 
More recently, four additional variants in TM9SF4 (three missenses 
and one synonymous) were identified by Zhou et al. in a cohort of 
42,607 ASD cases (19).

These findings highlight a correlation between TM9SF4 and ASD; 
according to the frequency of these variants in case–control studies 
and to their predicted effect on the protein functionality, TM9FS4 is a 
candidate for ASD with a false discovery rate (FDR) between 0.01 and 
0.05 (18).

Even if the presence of other genetic alteration(s) cannot 
be excluded, the segregation of this CNV, including TM9FS4, in the 
affected members of this family suggests the involvement of this gene 
in the risk for ASD.

In the literature, a careful description of the clinical pictures 
related to TM9SF4 alteration is missing (18, 19); even if it cannot 
be excluded that other genes in the region could contribute to the 
phenotype, this is the first report of a family where the clinical 
outcome of TM9SF4 is fully evaluated in all the members. In 
accordance with other genes related to ASD, alterations of TM9SF4 
give rise to a wide spectrum of psychiatric and ND disorders, ranging 
from mild to severe.

The identification of the same genetic alteration underlying the 
different clinical pictures of these family members supports the 
hypothesis that ASD may be  considered as a trans-nosographic 
dimension that may not only represent the starting point for the 
development of different psychopathological trajectories but also 
could underlie non-psychopathological personality traits. These 
different trajectories might be  determined by multiple factors, 
including genetic background, epigenetic modifications, interactions 
with the environment, and lifetime events (36–40). It should also 
be  considered that exogenous factors, such as the divorce of the 
parents and the suicide attempt of the father, could have represented 
strong emotional and behavioral challenges in this family. The 
identification of genetic/genomic alterations underlying ASD may 
allow not only a comprehension of the neurobiology of ASD but also 
an earlier diagnosis. The precious genetic identification of ASD at-risk 
patients could contribute to early interventions to improve symptom 
treatments and reduce the risk of developing a full-blown 
psychiatric disorder.

5 Conclusion

We report on a family with five members showing a complex 
phenotype characterized by either subthreshold or full-blown ASD, 
along with other neurodevelopmental and psychiatric comorbidities 
and a duplication of 350 kb in 20q11.2. Even if it cannot be excluded 
that affected members carry other genetic alterations not detected by 
this platform, this microduplication segregates with all the affected 
members of this family, has never been reported in healthy subjects, 
and harbors several genes, including TM9SF4 that has been recently 
implicated in risk for ASD (18, 19). According to these findings, it 
may play a role in the phenotype. Reports of additional patients with 
this imbalance, along with functional studies in vivo and in vitro 
models, may be  useful to confirm the pathogenicity of this 
microduplication. Our study could contribute to a better 
understanding of the neurobiology of ASD, even in the subthreshold 
form and in comorbidity with psychiatric disorders. It might 
contribute to a more precise inference of the clinical prognosis, 
including the impact of complex comorbidities, allowing to improve 
symptoms treatment.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The research was conducted ethically in accordance with the 
World Medical Association Declaration of Helsinki. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study. Written informed consent was 
obtained from the individual(s) for the publication of any potentially 
identifiable images or data included in this article.

Author contributions

MS, MV, AV, VB, and CC: conceptualization. MS, AV, VB, and 
CC: methodology and project administration. AV and VB: formal 
analysis. MS, MV, AV, VB, and LM: investigation. MV, AV, VB, FC-S, 
and LM: data curation. MV, FC-S, AV, and VB: writing—original draft 
preparation. LM, MS, VB, and CC: writing—review and editing. MS, 
CC, and LD: supervision. All authors contributed to the article and 
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The reviewer GC declared a past co-authorship with the author 
CC to the handling editor.

https://doi.org/10.3389/fpsyt.2023.1240663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Simoncini et al. 10.3389/fpsyt.2023.1240663

Frontiers in Psychiatry 09 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Hodges H, Fealko C, Soares N. Autism spectrum disorder: definition, epidemiology, 

causes, and clinical evaluation. Transl Pediatr. (2020) 9:S55–65. doi: 10.21037/
tp.2019.09.09

 2. Huang Y, Arnold SRC, Foley KR, Trollor JN. Diagnosis of autism in adulthood: a 
scoping review. Autism. (2020) 24:1311–27. doi: 10.1177/1362361320903128

 3. Dell'Osso L, Dalle Luche R, Gesi C, Moroni I, Carmassi C, Maj M. From Asperger's 
Autistischen Psychopathen to DSM-5 autism Spectrum disorder and beyond: a 
subthreshold autism Spectrum model. Clin Pract Epidemiol Ment Health. (2016) 
12:120–31. doi: 10.2174/1745017901612010120

 4. Takara K, Kondo T. Autism spectrum disorder among first-visit depressed adult 
patients: diagnostic clues from backgrounds and past history. Gen Hosp Psychiatry. 
(2014) 36:737–42. doi: 10.1016/j.genhosppsych.2014.08.004

 5. Crespi BJ. The hallmarks of autism. Front Psych. (2022) 13:937163. doi: 10.3389/
fpsyt.2022.937163

 6. Dell'Osso L, Gesi C, Massimetti E, Cremone IM, Barbuti M, Maccariello G, et al. 
Adult autism subthreshold Spectrum (AdAS Spectrum): validation of a questionnaire 
investigating subthreshold autism spectrum. Compr Psychiatry. (2017) 73:61–83. doi: 
10.1016/j.comppsych.2016.11.001

 7. Ameis SH, Szatmari P. Imaging-genetics in autism spectrum disorder: advances, 
translational impact, and future directions. Front Psych. (2012) 3:46. doi: 10.3389/
fpsyt.2012.00046

 8. Carmassi C, Palagini L, Caruso D, Masci I, Nobili L, Vita A, et al. Systematic review 
of sleep disturbances and circadian sleep desynchronization in autism Spectrum 
disorder: toward an integrative model of a self-reinforcing loop. Front Psych. (2019) 
10:366. doi: 10.3389/fpsyt.2019.00366

 9. Tick B, Bolton P, Happé F, Rutter M, Rijsdijk F. Heritability of autism spectrum 
disorders: a meta-analysis of twin studies. J Child Psychol Psychiatry. (2016) 57:585–95. 
doi: 10.1111/jcpp.12499

 10. Bai D, Yip BHK, Windham GC, Sourander A, Francis R, Yoffe R, et al. Association 
of Genetic and Environmental Factors with autism in a 5-country cohort. JAMA 
Psychiatry. (2019) 76:1035–43. doi: 10.1001/jamapsychiatry.2019.1411

 11. Havdahl A, Niarchou M, Starnawska A, Uddin M, van der Merwe C, Warrier V. 
Genetic contributions to autism spectrum disorder. Psychol Med. (2021) 51:2260–73. 
doi: 10.1017/S0033291721000192

 12. Huguet G, Ey E, Bourgeron T. The genetic landscapes of autism spectrum 
disorders. Annu Rev Genomics Hum Genet. (2013) 14:191–213. doi: 10.1146/annurev-
genom-091212-153431

 13. The DDD StudyHomozygosity Mapping Collaborative for AutismUK10K 
ConsortiumThe Autism Sequencing Consortiumde Rubeis S, He X, et al. Synaptic, 
transcriptional and chromatin genes disrupted in autism. Nature. (2014) 515:209–15. 
doi: 10.1038/nature13772

 14. Warrier V, Zhang X, Reed P, Havdahl A, Moore TM, Cliquet F, et al. Genetic 
correlates of phenotypic heterogeneity in autism. Nat Genet. (2022) 54:1293–304. doi: 
10.1038/s41588-022-01072-5

 15. Bertini V, Milone R, Cristofani P, Cambi F, Bosetti C, Barbieri F, et al. Enhancing 
DLG2 Implications in Neuropsychiatric Disorders:Analysis of a cohort of eight patients 
with 11q14. 1 imbalances. Genes. (2022) 13:1–13. doi: 10.3390/genes13050859

 16. Bertini V, Cambi F, Orsini A, Bonuccelli A, Fiorini A, Santangelo A, et al. 
Phenotypic Spectrum of NFIA Haploinsufficiency: Two additional cases and review of 
the literature. Genes. (2022) 13:2249. doi: 10.3390/genes13122249

 17. Vicari S, Napoli E, Cordeddu V, Menghini D, Alesi V, Loddo S, et al. Progress in 
Neuropsychopharmacology & Biological Psychiatry Copy number variants in autism 
spectrum disorders. Prog Neuro-Psychopharmacol Biol Psychiatry. (2019) 92:421–7. doi: 
10.1016/j.pnpbp.2019.02.012

 18. Satterstrom FK, Kosmicki JA, Wang J, Breen MS, de Rubeis S, An JY, et al. Large-
scale exome sequencing study implicates both developmental and functional changes 
in the neurobiology of autism. Cells. (2020) 180:568–584.e23. doi: 10.1016/j.
cell.2019.12.036

 19. Zhou X, Feliciano P, Shu C, Wang T, Astrovskaya I, Hall JB, et al. Integrating de 
novo and inherited variants in 42, 607 autism cases identifies mutations in new 
moderate-risk genes. Nat Genet. (2022) 54:1305–19. doi: 10.1038/s41588-022-01148-2

 20. Shabani A, Masoumian S, Zamirinejad S, Hejri M, Pirmorad T, Yaghmaeezadeh 
H. Psychometric properties of structured clinical interview for DSM-5 disorders-
clinician version (SCID-5-CV). Brain Behav. (2021) 11:e01894. doi: 10.1002/brb3.1894

 21. Baron-cohen S, Wheelwright S, Skinner R, Martin J, Clubley E. The autism-
Spectrum quotient (AQ): evidence from Asperger syndrome/high-functioning 

autism, males and females. J Autism Dev Disord. (2001) 31:5–17. doi: 
10.1023/A:1005653411471

 22. Lecavalier L, Aman MG, Scahill L, McDougle CJ, McCracken JT, Vitiello B, et al. 
Validity of the autism diagnostic interview-revised. Am J Ment Retard. (2006) 111:199–215. 
doi: 10.1352/0895-8017(2006)111[199:VOTADI]2.0.CO;2

 23. Lord C, Rutter M, Le Couteur A. Autism diagnostic interview-revised: a revised 
version of a diagnostic interview for caregivers of individuals with possible pervasive 
developmental disorders. J Autism Dev Disord. (1994) 24:659–85. doi: 10.1007/
BF02172145

 24. Lord C, Rutter M, DiLavore PC, Risi S. ADOS: autism diagnostic observation 
schedule. Giunti Psychometrics. (2013) 24.

 25. Riggs ER, Andersen EF, Cherry AM, Kantarci S, Kearney H, Patel A, et al. 
Technical standards for the interpretation and reporting of constitutional copy-number 
variants: a joint consensus recommendation of the American College of Medical 
Genetics and Genomics (ACMG) and the clinical genome resource (ClinGen). Genet 
Med. (2020) 22:245–57. doi: 10.1038/s41436-019-0686-8

 26. Kearney HM, Thorland EC, Brown KK. American College of Medical Genetics 
standards and guidelines for interpretation and reporting of postnatal constitutional 
copy number variants evaluation and clinical interpretation. Genet Med. (2011) 
13:680–5. doi: 10.1097/GIM.0b013e3182217a3a

 27. Osso LD, Luche RD, Cerliani C, Bertelloni CA, Gesi C, Carmassi C. Unexpected 
subthreshold autism spectrum in a 25-year-old male stalker hospitalized for delusional 
disorder: a case report. Compr Psychiatry. (2015) 61:10–4. doi: 10.1016/j.comppsych.2015.04.003

 28. Ahearn WH, Clark KM, MacDonald RPF, Chung BI. Assessing and treating vocal 
stereotypy in children with autism. J Appl Behav Anal. (2007) 40:263–75. doi: 10.1901/
jaba.2007.30-06

 29. Towbin A, Leibenluft E. Autism spectrum traits in children with mood and anxiety 
disorder. J Am Acad Child Adolesc Psychiatry. (2009) 47:652–61. doi: 10.1097/
CHI.0b013e31816bffa5

 30. Dell'Osso L, Carpita B, Cremone IM, Muti D, Diadema E, Barberi FM, et al. The 
mediating effect of trauma and stressor related symptoms and ruminations on the 
relationship between autistic traits and mood spectrum. Psychiatry Res. (2019) 
279:123–9. doi: 10.1016/j.psychres.2018.06.024

 31. Murphy M, Bolton PF, Pickles A, Fombonne E, Piven J, Rutter M. Personality traits 
of the relatives of autistic probands. Psychol Med. (2000) 30:1411–24. doi: 10.1017/
S0033291799002949

 32. Seltzer MM, Shattuck P, Abbeduto L, Greenberg JS. Trajectory of development in 
adolescents and adults with autism. Ment Retard Dev Disabil Res Rev. (2004) 10:234–47. 
doi: 10.1002/mrdd.20038

 33. Dell’Osso L, Carpita B, Bertelloni CA, Diadema E, Barberi FM, Gesi C, et al. 
Subthreshold autism spectrum in bipolar disorder: prevalence and clinical correlates. 
Psychiatry Res. (2019) 281:112605. doi: 10.1016/j.psychres.2019.112605

 34. Head AM, Mcgillivray JA, Stokes MA. Gender differences in emotionality and 
sociability in children with autism spectrum disorders. Mol Autism. (2014) 5:1–9. doi: 
10.1186/2040-2392-5-19

 35. Avila M, Kirchhoff M, Marle N, Hove HD, Chouchane M, Thauvin-Robinet C, 
et al. Delineation of a new chromosome 20q11.2 duplication syndrome including the 
ASXL1 gene. Am J Med Genet A. (2013) 161:1594–8. doi: 10.1002/ajmg.a.35970

 36. Billeci L, Calderoni S, Conti E, Gesi C, Carmassi C, Dell'Osso L, et al. The broad 
autism (Endo)phenotype: Neurostructural and Neurofunctional correlates in parents of 
individuals with autism Spectrum disorders. Front Neurosci. (2016) 10:346. doi: 10.3389/
fnins.2016.00346

 37. Dell'Osso L, Carmassi C, Consoli G, Conversano C, Ramacciotti CE, Musetti L, 
et al. Lifetime post-traumatic stress symptoms are related to the health-related quality 
of life and severity of pain/fatigue in patients with fibromyalgia. Clin Exp Rheumatol. 
(2011) 29:S73–8.

 38. Dell'Osso L, Carpita B, Gesi C, Cremone IM, Corsi M, Massimetti E, et al. 
Subthreshold autism spectrum disorder in patients with eating disorders. Compr 
Psychiatry. (2018) 81:66–72. doi: 10.1016/j.comppsych.2017.11.007

 39. Tordjman S, Cohen D, Anderson GM, Botbol M, Canitano R, Coulon N, et al. 
Reframing autism as a behavioral syndrome and not a specific mental disorder: 
implications of genetic and phenotypic heterogeneity. Neurosci Biobehav Rev. (2018) 
89:132–50. doi: 10.1016/j.neubiorev.2018.01.014

 40. Simoncini M, Miniati M, Vanelli F, Callari A, Vannucchi G, Mauri M, et al. Lifetime 
autism spectrum features in a patient with a psychotic mixed episode who attempted 
suicide. Case Rep Psychiatry. (2014) 2014:459524. doi: 10.1155/2014/459524

https://doi.org/10.3389/fpsyt.2023.1240663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.21037/tp.2019.09.09
https://doi.org/10.21037/tp.2019.09.09
https://doi.org/10.1177/1362361320903128
https://doi.org/10.2174/1745017901612010120
https://doi.org/10.1016/j.genhosppsych.2014.08.004
https://doi.org/10.3389/fpsyt.2022.937163
https://doi.org/10.3389/fpsyt.2022.937163
https://doi.org/10.1016/j.comppsych.2016.11.001
https://doi.org/10.3389/fpsyt.2012.00046
https://doi.org/10.3389/fpsyt.2012.00046
https://doi.org/10.3389/fpsyt.2019.00366
https://doi.org/10.1111/jcpp.12499
https://doi.org/10.1001/jamapsychiatry.2019.1411
https://doi.org/10.1017/S0033291721000192
https://doi.org/10.1146/annurev-genom-091212-153431
https://doi.org/10.1146/annurev-genom-091212-153431
https://doi.org/10.1038/nature13772
https://doi.org/10.1038/s41588-022-01072-5
https://doi.org/10.3390/genes13050859
https://doi.org/10.3390/genes13122249
https://doi.org/10.1016/j.pnpbp.2019.02.012
https://doi.org/10.1016/j.cell.2019.12.036
https://doi.org/10.1016/j.cell.2019.12.036
https://doi.org/10.1038/s41588-022-01148-2
https://doi.org/10.1002/brb3.1894
https://doi.org/10.1023/A:1005653411471
https://doi.org/10.1352/0895-8017(2006)111[199:VOTADI]2.0.CO;2
https://doi.org/10.1007/BF02172145
https://doi.org/10.1007/BF02172145
https://doi.org/10.1038/s41436-019-0686-8
https://doi.org/10.1097/GIM.0b013e3182217a3a
https://doi.org/10.1016/j.comppsych.2015.04.003
https://doi.org/10.1901/jaba.2007.30-06
https://doi.org/10.1901/jaba.2007.30-06
https://doi.org/10.1097/CHI.0b013e31816bffa5
https://doi.org/10.1097/CHI.0b013e31816bffa5
https://doi.org/10.1016/j.psychres.2018.06.024
https://doi.org/10.1017/S0033291799002949
https://doi.org/10.1017/S0033291799002949
https://doi.org/10.1002/mrdd.20038
https://doi.org/10.1016/j.psychres.2019.112605
https://doi.org/10.1186/2040-2392-5-19
https://doi.org/10.1002/ajmg.a.35970
https://doi.org/10.3389/fnins.2016.00346
https://doi.org/10.3389/fnins.2016.00346
https://doi.org/10.1016/j.comppsych.2017.11.007
https://doi.org/10.1016/j.neubiorev.2018.01.014
https://doi.org/10.1155/2014/459524

	Case report: Familial case with autism spectrum and bipolar disorder showing a 20q11.21 microduplication including TM9SF4
	1 Introduction
	2 Materials and methods
	2.1 Psychiatric questionnaires
	2.2 Molecular analysis
	2.3 Bioinformatic analysis

	3 Results
	3.1 Case presentation
	3.2 Genetic analysis

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

