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ABSTRACT

A routine methodologies to detect germline copy number variants (CNVs) are ArrayCGH,
and SNParray, while clinical exome sequencing (CES) it is not a standard methods used in
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clinical settings. This study aims to investigate the efficiency of CNVs identification by CES

in the diagnosis of Autism spectrum disorder (ASD) based on a Italian cohort. In this cohort
study, 50 patients with ASD diagnosis were recruited for ASD screening. Simultaneous CNVs
and single nucleotide variation (SNV) analysis was conducted to identify the anomalies that
can cause ASD phenotype. A total of 13 patients were identified with a causative CNVs
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among 15 (86.67%) SNP array positive patients. Showing that CES data can be used for
detecting clinically relevant CNVs with high sensitivity for use in clinical diagnostic settings.

Introduction

Autism spectrum disorder (ASD) is a complex and genetically
heterogeneous disorder. In the last decades, the remarkable
advances in the knowledge of genetic aspects of autism based
on genetic and molecular research, as well as the development
of new molecular diagnostic tools, have substantially improve
the genetic diagnoses. Nowadays, it is estimated that using
the currently available molecular tests, a potential underlying
genetic cause can be identified in nearly 40% of cases [1-
3]. Therefore, in view of the current knowledge about the
genetic architecture of autism spectrum disorder, molecular
genetic investigation has become increasingly important.
Currently, a number of specific genetic variant are known to be
associated with ASD. The chromosomal copy number variants
(CNV), such as microdeletions and microduplication could be
associated with ASD in about 15-20% of patients [4]. Clinical
exome sequencing (CES) has been widely utilized to investigate
disruptive single nucleotide variants (SNV) associated ASD
in about 8-20% of individuals [5,6]. CNVs detection using CES
data is not currently a routine clinical test, likely due to the
overwhelming inconsistencies among different methods [7-
9] and the lack of a high-quality reference for CNVs from CES
data. In this study, we used a cohort of 50 samples with clinical
SNP array data and CES data to estimate the sensitivity and
false discovery rate of the CNVs detection using clinical exome
sequencing. Our results show that CES data can be used for
detecting clinically important CNVs with high sensitivity and for
use in clinical diagnostic settings.

Results and Discussion

A total of 50 SNP array analysis of patients with autism
spectrum disorder (ASD) were evaluated for validate ours

Clinical exome sequencing (CES) test results. The clinical
presentations (phenotypes) were categorized to ASD-Simplex
(no dysmorphic features), ASD-Complex (with dysmorphic
features) by a psychologist (Table 1). The median age in this
testing cohort was 6 years old. The male percentage was 68%
versus the 32% of female (Table 1). In this cohort, the overall
frequency CNV detection was 3 % (15/50) (Table 2). To assess
the accuracy of CES based CNV detection pipeline results were
selected 15 SNP array positive patients (9 ASD-Complex, 6 ASD-
Simplex) and 35 SNP array negative patients (28 ASD-Simplex,
7 ASD-Complex). Based on the confirmatory SNP array, the
positive predictive value (PPV) indicating the probability that
samples with a positive test truly have the genetic variants, was
available for 15 samples with microdeletion or duplication in
several regions of the genome. Among the 15 cases with CNVs
were found to be true positive 13 cases, and to be false negative
2 cases. The estimated PPV for CNVs was 81,25% (Table 2).
Based on the negative SNP array, the negative predictive value
(NPV) indicating the probability that samples with a negative
test would actually not have the genetic variants was available
for 35 samples that resulted negative after SNP arrays analysis
(Table 2). Three of the 35 negative samples return a positive
result, giving us an NPV of 94.12%. CES analysis achieved
86.67% sensitivity and 91.43% specificity, in comparison to the
gold standard for CNVs detection the SNP array analysis (Table
2). Using a cohort of 50 samples, we validated an CES based
CNV detection pipeline using a set of true positive (n=15) and
negative (n=35) CNVs from SNP array. Compared to the SNP
array, the CES based CNV detection pipeline had an 87% true-
positive rate. The pipeline had a false discovery rate of 8,5%
compared to the SNP array. Detecting CNVs from ES data is
perceived as challenging for clinical use as many previously
published reports suggested high false-positive rates and low
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sensitivity. For use in a clinical setting, one requires the highest
sensitivity and lowest false discovery rate possible for a given
platform. In this work, we used a cohort of 50 individuals to
validate ours Clinical exome sequencing (CES) test in the
ability to detect CNVs from exome sequencing data obtained
86.67% sensitivity and 8,5% false discovery rate. Secondary
evaluation of the raw date of the 2 false negative samples
reveals low quality of the sequencing output. The 3 false
positives were all monoexonic genes deletion, suggesting that
CNV calls encompassing genes without introns may also require
further assessments. In conclusion, it is essential to maintain
investments in resources and continue to implement the tools
that are already available in order to make NGS data a better
diagnostic test overall.

Methods

The study includes the investigation of 50 patients who was
admitted at Altamedica Medical Centre (Rome, Italy) and
undergone to SNParray and Clinical exome sequencing (CES)
diagnostics test. The study was approved by local ethical
committee and all participating were provided with written
informed consent. Genomic DNA was extracted from peripheral
blood using the DNeasy Blood & TissueKit and QlAamp DNA
Blood Mini Kit (Qiagen, Hilden, Germany), according to the
manufacturer’s instructions. Cases were genotyped using the
single nucleotide polymorphism (SNP)-based array “CytoSNP-
850K v1.3 BeadChip”. This array contains 850.000 SNPs that
are evenly distributed across the genome. All chromosomal
positions are given in human genome build hgl9 (GRCh37
Genome Reference Consortium Human Build 37 (GRCh37)).
Clinical exome sequencing (CES) was carried out using the
TruSight One Sequencing Panel (lllumina, San Diego, CA, USA),
according to the manufacturer’s instructions. The panel covers
4813 disease-associated genes. The targeted exonic regions
underwent paired-end sequencing on an lllumina platform,
using a NextSeq 550Dx sequencing system (Illumina, San Diego,
CA, USA). The detected variants were annotated and filtered,
based on the information of the functional prediction tools [e.g.,
Polyphen2, SIFT, REVEL) and public disease variant database
(e.g., Clinvar, HGMD, OMIM, dbSNPs and GWAS). CNV calls
were performed using the DRAGEN Enrichment CNV calling
module with 50 healthy sample as baseline. Each Variant Call
Format (VCF) file was then annotated adding crucial metadata
for interpretation by the clinician using enGenome software.
The detected Structural Variants (SV) were always visualized
and manually checked in Integrative Genomics Viewer (IGV).

Table 1: Patient characteristics undergoing to SNP array clinical testing
for ASD.

Clincal charateristics Value
Median Age 6 (3-50)
Male 29 (58%)
Famale 21 (42%)
Indications for SNParray Ratios %
ASD-Simplex 34 (68%)
ASD-Complex 16 (32%)

Table 2. Efficiency of Clinical exome sequencing (CES) test for CNVs
detection.

SNP array SNP array
(Positive) (Negative)
Total =50
NGS (Positive) 13 3
NGS (Negative) 2 32
Specificity % Sensitivity % PPV% NPV%
91.4 86.67 81.25 94.12
(95% Cl, 76.94 to  (95% Cl, 59.54- (95% CI 54.35 to (95% Cl1 80.32 to
98.20) 98.34) 95.95) 99.28)

PPV=positive predictive value, NPV=negative predictive value
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