
Chromosomal Microarray Analysis of Consecutive Individuals 
with Autism Spectrum Disorders or Learning Disability 
Presenting for Genetic Services

Jennifer L. Robertsa, Karine Hovanesb, Majed Dasoukic,d, Ann M. Manzardoa, and Merlin G. 
Butlera

aDepartments of Psychiatry, Behavioral Sciences and Pediatrics, The University of Kansas 
Medical Center, Kansas City, Kansas

bCombiMatrix Diagnostics, Irvine, California

cDepartment of Neurology, The University of Kansas Medical Center, Kansas City, Kansas

dKing Faisal Specialist Hospital and Research Center, Riyadh, Saudi Arabia

Abstract

Chromosomal microarray analysis is now commonly used in clinical practice to identify copy 

number variants (CNVs) in the human genome. We report our experience with the use of the 105K 

and 180K oligonucleotide microarrays in 215 consecutive patients referred with either autism or 

autism spectrum disorders (ASD) or developmental delay/learning disability for genetic services at 

the University of Kansas Medical Center during the past 4 years (2009–2012). Of the 215 patients 

[140 males and 75 females (male/female ratio = 1.87); 65 with ASD and 150 with learning 

disability], abnormal microarray results were seen in 45 individuals (21%) with a total of 49 

CNVs. Of these findings, 32 represented a known diagnostic CNV contributing to the clinical 

presentation and 17 represented non-diagnostic CNVs (variants of unknown significance). 

Thirteen patients with ASD had a total of 14 CNVs, 6 CNVs recognized as diagnostic and 8 as 

non-diagnostic. The most common chromosome involved in the ASD group was chromosome 15. 

For those with a learning disability, 32 patients had a total of 35 CNVs. Twenty-six of the 35 

CNVs were classified as a known diagnostic CNV, usually a deletion (n = 20). Nine CNVs were 

classified as an unknown non-diagnostic CNV, usually a duplication (n = 8). For the learning 

disability subgroup, chromosomes 2 and 22 were most involved. Thirteen out of 65 patients (20%) 

with ASD had a CNV compared with 32 out of 150 patients (21%) with a learning disability. The 

frequency of chromosomal microarray abnormalities compared by subject group or gender was 

not statistically different. A higher percentage of individuals with a learning disability had clinical 

findings of seizures, dysmorphic features and microcephaly, but not statistically significant. While 

both groups contained more males than females, a significantly higher percentage of males were 

present in the ASD group.
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Introduction

Classical autism, first described in 1943 by Kanner, belongs to a group of heterogeneous 

disorders known as autism spectrum disorders (ASD) [1, 2]. Autism spectrum disorders are 

characterized by impairment in three domains: social interaction, communication skills, and 

restricted repetitive and stereotyped patterns of behavior, interests, and activities. The onset 

of these impairments begins before the age of 3 years [2]. About 40% of individuals with 

ASD also have a learning disability [3].

The etiology of ASD is complex and involves genetic factors, epigenetics, and the 

environment. Single gene disorders are recognized as causative in less than 20 percent of 

subjects with ASD while the remaining have other causative genetic or polygenic factors 

which may be impacted by epigenetic changes influenced by the environment [4,5]. Thus, 

the role of genetic testing and clinical genetic evaluation for individuals with ASD is 

emphasized when identifying a cause. A diagnostic yield reported in the literature ranges 

from 6 to 40% [4–7] with the most common single gene disorders being fragile X syndrome 

and tuberous sclerosis [8]. Chromosomal microarray analysis in the clinical setting is now 

recommended as a first tier test for children and adults presenting with ASD [9] to improve 

the diagnostic yield. Microarray testing can detect copy number variation and type (i.e., 

deletions or duplications), size (e.g., < 1 Mb) and presence of known genes within the 

chromosome region.

Historically, the recurrence risk for ASD in families in which one child has ASD has varied 

from 4% if the first affected child is female to 7% if the first affected child is male [10] but 

more recent evidence indicates that the gender and functioning of the older sibling does not 

predict ASD outcome [11]. The recurrence rate of ASD for families in which two children 

are diagnosed with ASD is significantly higher, estimated at 25 to 30% with recent evidence 

indicating that first degree relatives of those with ASD are also at an increased risk for ASD-

related characteristics [12]. Studies of identical twins in which one twin is diagnosed with 

ASD have shown at least 60% concordance [10].

Developmental delay involves any significant lag in physical, cognitive, communication, 

social, emotional, and/or adaptive skills [13]. Global developmental delay is defined as 

performing at more than two standard deviations below same-aged peers in two or more 

developmental domains [14] and affects between 1 to 3 percent of children [15,16]. Many 

children with global developmental delay will also develop intellectual disability which is 

classified as having an IQ below 70. For our study, we will group infants and children with 

developmental delay and older children and adults with intellectual disability into a single 

category referred to as learning disability. Various studies have examined the etiology of 

learning disabilities with chromosomal microarray analysis which is now considered as a 

first tier test for children and adults in the clinic setting [9]. Herein, we report our experience 
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over the past 4 years using chromosomal microarray analysis to identify copy number 

variation (deletions/duplications) in consecutive patients referred with ASD or learning 

disability and presenting for genetic services at a rural-based Midwestern academic medical 

center in the United States.

Patient Data

We studied 215 consecutive patients (140 males and 75 females; mean age ± SD = 10y ± 

9.7y; age range = 5 months to 52 years) referred for genetic services to the Clinical Genetics 

setting at the University of Kansas Medical Center (KUMC), Kansas City, Kansas during 

the past 4 years (2009–2012) with autism spectrum disorders (ASD, N = 65) or learning 

disability (N = 150). The patients were unrelated based on family history obtained by a 

genetic counselor at the time of clinical genetics evaluation. Patients were referred from 

private practice settings (family medicine, pediatricians, internists, psychiatrists/

psychologists), hospitals, and medical centers in the Kansas City and surrounding 

Midwestern region of the nation. KUMC is a primary and tertiary care academic center and 

includes the University of Kansas Hospital and Clinics. In 2012, KUMC reported 530,918 

outpatient encounters and 28,331 inpatient discharges representing all 105 counties in 

Kansas, a rural population-based state. The majority of counties in the adjoining state of 

Missouri were also represented.

Methods

We obtained peripheral blood samples in EDTA tubes and sent by overnight delivery to the 

clinically approved and certified commercially available CombiMatrix Diagnostics 

Laboratory (Irvine, CA) for DNA isolation for 105K or 180K oligonucleotide microarray 

analysis. The 105K array contained more than 99,000 probes and the 180K array contained 

more than 170,000 probes covering coding and non-coding human genome sequences. The 

average spatial resolution between probes for the 105K array was approximately 21 Kb, 

while that of the 180K array was approximately 16 Kb. A copy number change was 

identified when more than 6 consecutive probes were involved in a segment with a 

maximum of contiguous probe spacing of 1 Mb. The patient DNA copy number was 

compared to a reference diploid sex-matched DNA sample. Targeted evaluation of copy 

number changes involving more than 6 probes was performed in all regions of the genome 

with confirmation of abnormal results by BAC aCGH or FISH probes targeted to the 

identified region. Most parental testing was performed by using FISH probes. Analysis was 

performed using Nexus Copy Number software (BioDiscovery, Hawthorne, CA).

We conducted a clinical genetics evaluation, including a physical and dysmorphologic 

examination, and obtained pregnancy, medical, family, and social histories from each 

patient. We then summarized the chromosomal microarray data for comparison with 

findings from the clinical genetics evaluation. The reason for referral was ASD or learning 

disability. Those found with a recognized syndrome such as Down syndrome, fragile X 

syndrome, or single gene disorders (e.g., neurofibromatosis, tuberous sclerosis) were not 

included in the analysis and not a focus of this study.
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Among families in which more than one affected family member was evaluated, microarray 

results from only one affected family member were included. For patients with abnormal 

microarray results, parental testing (e.g., FISH analysis) for the deletion and/or duplication 

was undertaken when possible to determine the origin of the diagnostic finding or variant of 

unknown significance.

Statistical Analysis

Analysis of clinical and microarray data was performed using SAS Statistical Analysis 

Software Version 9.2 (SAS Institute Inc., Cary, North Carolina, USA). Statistical 

significance was tested for differences in categorical distributions using the Fisher’s Exact 

test and mean differences using ANOVA.

Results

Our study included 215 consecutive male and female patients presenting with autism 

spectrum disorders (ASD) or learning disability over the past four years seeking genetic 

services at the University of Kansas Medical Center. Both study groups contained more 

male than female subjects but statistically significantly more males were observed in the 

ASD group (52 males, 13 females) compared with the learning disability group (88 males, 

62 females; Fisher’s Exact test, p < 0.003). We found that approximately one out of every 

five patients had an abnormal microarray finding (deletion/duplication) identified using 

either the 105K or 180K oligonucleotide microarray. By searching genome variant 

databases, including the UCSC Genome Browser (http://genome.ucsc.edu/cgi-bin/

hgGateway), the Database of Genomic Variants (http://projects.tcag.ca/cgi-bin/variation/

gbrowse/hg18/), Online Mendelian Inheritance in Man (http://www.ncbi.nlm.nih.gov/

omim), DECIPHER (http://decipher.sanger.ac.uk/), CombiTrak (CombiMatrix’s internal 

database of over 20,000 samples) and dbVar (http://www.ncbi.nlm.nih.gov/dbvar/) along 

with cited published literature, the genetic change was characterized as diagnostic copy 

number variant (CNV) when reported previously to be associated with disease such as ASD 

or learning disability or due to a non-diagnostic CNV or variant of unknown significance at 

the time of the report. Chromosome 15 was the most common chromosome involved in the 

ASD group, as previously reported [18], while chromosomes 2 and 22 were most involved 

in those with learning disabilities.

Although a higher frequency of chromosomal microarray abnormalities were observed in 

females (N = 20 or 27%) compared with males (N = 25 or 18%), no statistically significant 

differences were observed in the frequency when compared by subject group (Fisher’s Exact 

test, p = 1.0) or gender (Fisher’s Exact test, p = 0.16). For patients presenting with ASD, 13 

of 65 (20%) were found to have an abnormality on microarray analysis (Table 1). The 13 

patients with ASD and abnormal microarray results had a total of 14 findings, including 6 

diagnostic abnormalities (36%) and 8 variants of unknown significance (64%) (Tables 1 and 

2). Of the 13 patients with ASD and abnormal results, 3 (23%) had a family history of ASD, 

3 (23%) had macrocephaly, and 4 (31%) had dysmorphic features (Table 3). None of the 

patients with ASD and abnormal microarray results had a history of seizures. The mean ± 
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SD size of the abnormality (deletion/duplication) on the microarray results for those with 

ASD was 966 ± 1464 Kb.

For patients presenting with learning disability, 32 of 150 (21%) were found to have an 

abnormality on microarray analysis (Table 4). The 32 patients with abnormal results had a 

total of 35 findings, including 26 diagnostic abnormalities (74%) and 9 variants of unknown 

significance (26%) (Tables 2 and 4). Of the 32 patients with learning disability and 

abnormal results, 9 (28%) had a family history of developmental delay, 8 (25%) had 

microcephaly, 1 (3%) had macrocephaly, 18 (56%) had dysmorphic features, and 4 (13%) 

had a history of seizures (Table 3). No obvious gender differences were seen in the 

frequency of seizures, dysmorphic features, microcephaly, macrocephaly or positive family 

history between the two subject groups. The mean ± SD size of the abnormality (deletion/

duplication) on the microarray results of infants and younger children with developmental 

delay or older children and adults with an intellectual disability was 2.90 ± 2.87 Mb. The 

mean age of the microarray abnormality in those with learning disability was significantly 

larger than that seen in ASD (F = 2.6; p < 0.03).

Clinical Case Report

We describe a 42-year old white male with a learning disability, as a representative example 

of a patient identified with an abnormal chromosomal microarray result in our study. This 

patient had moderate intellectual disability, autistic features, and intermittent explosive 

disorder. The parents were unavailable and therefore the prenatal and early childhood 

histories were unrecorded. Medical history included congenital absence of the right kidney, 

hypothyroidism, type II diabetes, pernicious anemia, and history of seizures (petit mal and 

grand mal). He did not graduate from high school. He received special education training 

and has limited verbal communication. He lives in a group home setting for the intellectually 

disabled. EEGs performed at age 16 years and at age 22 years noted no epileptiform 

discharges. A head CT at age 24 years was normal. At age 25 years, he sustained a closed 

head injury from a bicycle accident caused by a seizure. A head CT performed shortly after 

the injury showed small right parietal contusions with a minimal amount of surrounding 

edema. A complete blood count with differential, coagulation studies, and lipids were 

normal at that time. A comprehensive metabolic panel showed low potassium and high CO2 

levels. An EEG obtained at age 29 years showed a rare focal epileptiform discharge in the 

left central area and mild diffuse slow wave abnormalities indicating diffuse cerebral 

dysfunction. He was previously diagnosed with an intestinal volvulus and had an ischemic 

area in the sigmoid colon which required removal with placement of a colostomy. At age 41 

years of age, he experienced a nose bleed and aspiration pneumonia following a dental 

procedure in which general anesthesia was used. He was hospitalized for 4 weeks due to 

pneumonia, and a lung CT scan showed bilateral pneumonia, pleural effusion, and right lung 

abnormality.

Physical examination revealed a normal head circumference (40th centile), normal height 

(50th centile), and normal weight (75th centile). He did have two posterior hair whorls and 

premature graying. Malar hypoplasia, downslanting palpebral fissures, bilateral ptosis, a 

high arched palate and missing teeth were seen along with a deviated nasal septum (injury-
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related) with an elongated nose, attached ear lobes, and hallux valgus deformity of both feet 

(Figure 1). He had brown coloration of both legs below the knees including the feet with 

sparse hair on the legs. The 180K microarray showed a 2q33.1-q34 deletion (7.8 Mb in size) 

containing 46 genes (see Figure 2). Parents were not available for testing to determine if this 

deletion was inherited or de novo in origin.

We previously reported a similar but smaller deletion (2q33.3-q34, 3.7 Mb in size) in a 

young male with autistic and dysmorphic features, including downslanting palpebral 

fissures, mild right ptosis, a prominent nasal tip, abnormal ears, Cupid’s bow of upper lip, 

dental anomalies, malar hypoplasia, and a high forehead [43]. Several of the cranio-facial 

and developmental features seen in that report were in common with our 42-year-old male 

with an overlapping but larger 2q33.1-q34 deletion. This chromosome region contains genes 

deleted in both subjects and involved the WNT pathway for organ development (FZD5), 

calcium regulation (ALS2CR8, PTH2R), transcription (KLF7, EEF1B2), muscle function and 

energy production (IDH1, MYL1, RPE, ACADL, NDUFS1) thought to contribute to their 

clinical presentations.

Discussion

Our study describes our experience of 215 consecutive patients with ASD or learning 

disability and presenting for genetic services at an academic medical center in the rural-

based Midwestern region of the United States. We also describe a representative clinical 

case report identified using chromosomal microarray analysis in this patient population. The 

overall diagnostic yield in our study was 21% for patients with ASD or learning disability. 

This yield is similar to the 18.2% yield reported by Shen et al. [83] in microarray studies 

with 932 patients with ASD. Schaefer et al. [7] further reported their experience and found 

significant copy number abnormalities in 22% (14 of 68) of ASD subjects. In our study the 

size of the CNVs seen in each subject group varied. However, the size of the CNVs in the 

ASD group (966 ± 1464 Kb) was significantly smaller than seen in the learning disability 

group (2.90 ± 2.87 Mb). The significance or meaning of this observation in microarray 

analysis is unclear but may relate to differences in genetic causation (i.e., single gene in 

ASD versus larger genomic deletions or duplications involving more than one gene in those 

with learning disability).

Prior to chromosomal microarray studies in ASD reported in the literature, Miles and 

Hillman [6] tested 94 children for genetic causes and found that 6% (6 of 94) had 

identifiable genetic disorders while Herman et al. [84] reported genetic causes in 10% (7 of 

71) of ASD subjects. Schaefer and Lutz [4] reported positive genetic findings in 40% (13 of 

32) of subjects with ASD including 5% with a high resolution chromosome abnormality, 5% 

with fragile X syndrome, 5% with Rett syndrome, 3% with PTEN gene mutations, 10% with 

other genetic syndromes such as tuberous sclerosis, and about 10% with small deletions or 

duplications not detectable with high resolution chromosome analysis. Diagnostic yields are 

now being reported with microarray analysis showing a wide range of deletions and 

duplications while the most common chromosomal abnormality associated with non-

syndromal autism prior to chromosomal microarray analysis was a maternal duplication of 

the 15q11-q13 region which accounted for 5% of cases with autism [18]. Large 
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microdeletions in the chromosome 16p11.2 and 22q regions also accounted for another 1% 

of cases.

Unexplained learning disability/autism spectrum disorders associated with dysmorphic 

features in pediatric patients were studied by Battaglia et al. [9] using chromosomal 

microarray analysis and found 91 CNVs ranging in size from 1 Mb to 60 Kb in 77 (or 22%) 

of 349 patients. Additionally, Aggarwal et al. [85] reported that 58% (196 of 338) of their 

patients with developmental delay or intellectual disability had an identifiable genetic cause. 

These causes included Down and microdeletion syndromes and unbalanced and balanced 

chromosomal rearrangements in 33% (112 of 338) of their subjects. Non-chromosomal 

syndromes, such as fragile X syndrome, tuberous sclerosis, Noonan syndrome, and Cornelia 

de Lange syndrome were recognized in an additional 10% (32 of 338). Various 

neurometabolic disorders were identified in 10% (34 of 338) with the remaining subjects 

classified as having structural central nervous system defects, cerebral palsy, environmental 

insults, or idiopathic intellectual disability. A separate report by Michelson et al. [16] on 

individuals with learning disability found the diagnostic yield for karyotype studies to be at 

least 4%, and the diagnostic yield for fragile X testing was approximately 2% for a full 

mutation. However, with chromosomal microarray analysis, they found diagnostic 

abnormalities in 8% of subjects with learning disabilities [16] and 11% in those with 

learning disability and dysmorphic features, congenital anomalies, or neurologic symptoms.

Selected genes in the deletion/duplication detected by microarray analysis and/or 

chromosome regions of interest were identified by searching the medical literature for 

biological functions of involved genes and OMIM [Online Mendelian Inheritance in Man 

(www.ncbi.nlm.nih.gov/omim)], as a comprehensive, authoritative compendium of human 

genes and genetic phenotype including chromosome regions and genomic coordinates that is 

freely available online and updated daily. The goal was to search for information about 

CNVs, chromosome regions, genes involved and their function (if known) along with 

recognized syndromes with ASD or learning disability. Those genes present in the deletion 

or duplication regions were studied to determine if they could play a role in neurological 

development or function (i.e., ASD or learning disability) when disturbed by searching 

published medical literature reports, websites, OMIM or previously reported as a feature of a 

recognized genetic syndrome (e.g, Williams syndrome). For example, for 13 of the 65 

subjects within the ASD group, selected genes and/or chromosome regions of interest were 

found, see Table 1, with literature citations listed for each subject. Recognized genetic 

syndromes (e.g., Williams syndrome) were noted with disturbed genes known to contribute 

to ASD and also genes found in deletions/duplications reported on more than one occasion 

to cause ASD (e.g., NRXN1, CACNA1C). Similarly, 32 subjects with learning disability 

were found to have CNV deletions/duplications by microarray analysis with selected genes 

or chromosome regions of interest known to play a role in their clinical presentation (see 

Table 4). Known genetic syndromes included DiGeorge/velocardiofacial syndrome. 

Selected genes included NLGN2, IL1RAP1, ANKRD11 and PARK2 known to play a role in 

neurological development or function and when disturbed can account for learning disability 

are listed in Table 4.
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The diagnostic yield of chromosomal microarray analysis for individuals with ASD or 

learning disability in our study, and results reported by others, is consistently greater than 

the diagnostic yield of chromosomal karyotype studies alone or for fragile X DNA testing 

[16, 83]. As genetic technology continues to improve with advances in testing platforms and 

access to next generation exome sequencing, further genetic lesions will be identified, 

reported, and characterized as a cause of ASD or learning disability in patients presenting 

for genetic services. This information will be important for medical management and 

therapy with more accurate and specific genetic counseling for affected individuals and at-

risk family members. The authors encourage the reporting of other microarray experiences 

at academic medical centers with similar patients presenting in the clinical setting for 

genetic services to increase our knowledge base, thereby impacting on the quality of life and 

outcome for affected individuals and their families.
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Figure 1. 
Frontal and profile facial views of the proband with a 7.8 Mb deletion at chromosome 

2q33.1-q34 region at 42 years of age showing malar hypoplasia, ptosis, downslanting 

palpebral fissures, an elongated abnormal nose, Cupid’s bow appearance to upper lip, dental 

anomalies, and attached ear lobes.
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Figure 2. 
An array comparative genomic hybridization (aCGH) was carried out using DNA Array - 

Oligo 180K oligonucleotide array (CombiMatrix Diagnostics, Irvine, CA) and showed a 7.8 

Mb deletion at 2q33.1-q34 (203,191,088-210,989,186 bp from the p terminus). The 46 genes 

found to be deleted in this chromosome region are listed alphabetically. The first 

(FAM117B) and last (MYL1) genes located in the deleted region are highlighted at the top of 

figure.
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