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Abstract
Background Chromosomal microarray analysis is an essential tool for copy number variants detection in patients with 
unexplained developmental delay/intellectual disability, autism spectrum disorders, and multiple congenital anomalies. The 
study aims to determine the clinical significance of chromosomal microarray analysis in this patient group. Another crucial 
aspect is the evaluation of copy number variants detected in terms of the diagnosis of patients.
Methods and results A Chromosomal microarray analysis was was conducted on a total of 1227 patients and phenotype-
associated etiological diagnosis was established in 135 patients. Phenotype-associated copy number variants were detected 
in 11% of patients. Among these, 77 patients 77 (57%, 77/135) were diagnosed with well-recognized genetic syndromes and 
phenotype-associated copy number variants were found in 58 patients (42.9%, 58/135). The study was designed to collect 
data of patients in Kocaeli Derince Training and Research Hospital retrospectively. In our study, we examined 135 cases 
with clinically significant copy number variability among all patients.
Conclusions In this study, chromosomal microarray analysis revealed pathogenic de novo copy number variants with new 
clinical features. Chromosomal microarray analysis in the Turkish population has been reported in the largest patient cohort 
to date.

Keywords Chromosomal microarray analysis · Developmental delay/intellectual disability · Microdeletion and 
microduplication syndromes

Introduction

Chromosomal microarray analysis (CMA) has been the first-
tier test for patients presenting with unexplained develop-
mental delay/intellectual disability (DD/ID), autism spec-
trum disorders (ASD) and multiple congenital anomalies 
(MCA), since 2010. [1, 6–11].

DD/ID are clinically heterogeneous neurodevelopmental 
disorders seen in 1–3% of children [9]. Thus, genetic test-
ing plays an important role in evaluating patients with DD/
ID, ASD, and MCA, however, etiology is still not defined in 
all patients. Microarray analysis has increased the detection 
rate of chromosomal imbalances in the human genome, ena-
bling the diagnosis of syndromic phenotypes with previously 
unknown etiologies. CMA detects microdeletion and micro-
duplication syndromes in this group with a high diagnostic 
yield [11, 12]. In addition, with the use of high-resolution 
microarray analyses, it is possible to identify new regions 
whose copy number changes have not been associated with 
any phenotype before.

ASD is a complex and genetically heterogeneous dis-
order, characterized by social communication deficits and 
interaction as well as restricted, stereotypic behaviors. A 
recent study estimated that the prevalence is about 1–2% [2, 
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3]. Previous studies have shown that genetic factors contrib-
ute to the diagnosis of ASD [4, 5].

On the other hand, some syndromes been rarely reported 
despite their potential for diagnosis, such as the Bosch-
Boonstra-Schaaf Optic Atrophy Syndrome (BBSOAS; 
MIM #615,722), 18p monosomy syndrome, 9p duplication 
syndrome (ORPHA:236), 6q terminal deletion syndrome 
(ORPHA:75,857), 2q33.1 microdeletion syndrome, and 
6q27 terminal deletion syndrome.

The CMA studies plays a significant role in investigat-
ing the genetic etiology and identifying new syndromes in 
patients diagnosed with DD/ID, ASD, and MCA [6–8]. The 
study aimed to identify CNVs and clinical phenotypes by 
determining the clinical efficiency of CMAs in evaluating 
DD/ID, ASD, and MCA in Turkish patients.

Materials and methods

In this study, 1227 patients with DD, ASD, and MCA who 
were consulted by the Department of Medical Genetics at 
the Health Sciences University Kocaeli Derince Training 
and Research Hospital were included.

Ethical committee approval for the study was obtained 
from the Kocaeli Derince Training and Research Hospital 
Ethical Board (2021–53).

In this study, we presented the CNVs we detected in 135 
patients with DD, ASD, and MCA, with or without accom-
panying dysmorphic features, growth disorder, or epilepsy, 
and correlated them with the clinical findings. After written 
informed consents were obtained from the parents of the 
patients, DNA was isolated from peripheral blood. Micro-
array analysis was performed using CytoScan Optima, 
Affimetrix® chips according to the manufacturer’s proto-
col and the data was analyzed by Chromosome Analysis 
Suite (ChAS) 3.1 Thermo Fisher Scientific®. Copy number 
variations (CNVs) with a gene size greater than 100 kb and 
represented by a minimum of 25 probes were considered in 
variant calling.

Database of Genomic Variants (DGV, http:// proje cts. tcag. 
ca/ varia tion), Database of Chromosomal Imbalance and 
Phenotype in Humans Ensembl Resources (DECIPHER, 
https:// decip her. sanger. ac. uk), PubMed (https:// www. ncbi. 
nlm. nih. gov/ pubmed), Online Mendelian Inheritance of 
Man (OMIM; https:// www. ncbi. nlm. nih.gov/omim), Clin-
Var (https:// www. ncbi. nlm. nih. gov/ clinv ar) and in-
house database of Haseki Genetic Diagnosis Center were 
used to identify the CNVs with three classes: variants of 
uncertain clinical significance (VUS), likely pathogenic, and 
pathogenic.

In this study, we examined cases with clinically relevant 
CNVs, categorized as “pathogenic”, “likely pathogenic”, 
or “VUS” variants by assessing the diagnostic efficiency 

of microarray analysis, a frequently used method, in diag-
nosing patients with DD/ID, ASD, and MCA, according to 
the American College of Medical Genetics and Genomics 
guidelines (ACMG) and ClinGen [13].

A retrospective study was conducted on patients with DD/
ID, ASD, and MCA within the period between January 1, 
2017 and March 30, 2021. A total of 1227 patients with DD/
ID, ASD, and MCA were examined using the CMA test. 
Male individuals underwent conventional karyotyping and 
Fragile X analysis before introducing microarray analysis. 
In this study, we analyzed the data from routine microarray 
analysis performed on patients admitted to the outpatient 
clinic of the Department of Medical Genetics who were 
diagnosed with DD/ID, ASD, and MCA.

Results

The results of 1227 patients, 701 male and 526 female, 
who underwent CMA in the genetics outpatient clinic were 
evaluated and phenotype-associated CNVs were found in 
58 (42.9%, 58/135) patients. Furthermore, 77 out of 135 
patients (57%) were diagnosed with well-recognized genetic 
syndromes via the OMIM database (Table 1). Demographic 
information and clinical features of the patients are shown 
in Tables 1, 2, and 3.

Phenotype-associated CNV was detected in 58 patients, 
where 25 patients were classified as pathogenic CNV 
(Table 2) and 33 patients had CNV of uncertain clinical 
significance (Table 3). The diagnosis of well-recognized 
genetic syndromes was achieved in 77 patients (Table 1). 
The patients are listed in Tables 1, 2, and 3.

The number and percentage of patients diagnosed with 
a well-known genetic syndrome are indicated in Table 4. 
Among the well-known genetic syndrome diagnoses, 
22q11.2 microdeletion syndrome was the most common, as 
it was observed in 4 patients. On the other hand, 3 patients 
were diagnosed with 16p13.11 microdeletion syndrome, 
3 patients were diagnosed with 16p13.11 microduplica-
tion syndrome, 3 patients were diagnosed with Williams-
Beuren syndrome, and 3 patients were diagnosed with Wolf-
Hirschhorn syndrome (Table 4). Table 5 shows the number 
and percentage of patients diagnosed with multiple CMA 
findings.

On the other hand, our study identified 16 ASD patients 
with phenotype-related CNVs including 8 patients with 
well-recognized genetic CNVs and 8 patients with uncer-
tain CNVs in ASD. The well-known genetic syndromes 
identified in 8 patients with ASD were; Joubert syndrome 
(patient 1), Xq28 microduplication syndrome (patient 4), 
Klinefelter syndrome (patient 17), Coffın-Siris Syndrome 6 
(patient 25), 15q13.3 microdeletion syndrome (patient 28), 
16p13.11 microduplication syndrome (patient 48), 7q11.23 

http://projects.tcag.ca/variation
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duplication syndrome (patient 62), and Mosaic trisomy 8 
(Warkany syndrome 2) (patient 64) (Table 1).

Among the patients diagnosed according to the major 
clinical findings, 28 had DD/ID, 16 had DD, 9 had epilepsy, 
8 had hypotonia, 4 had microcephaly, 3 had corpus callosum 
hypoplasia, 5 had autism, short stature 4, 12 in cardiovascu-
lar anomalies, and 11% of patients with other minor findings 
(Fig. 1).

In this cohort, 111 patients were positive through CMAs 
but their karyotype analyses results were negative. These 
findings highlight the importance of CMA analysis in 
cytogenetic analysis.

Discussion

In 2010, according to the American College of Medical 
Genetics (ACMG) practice guidelines, CMA testing for 
CNVs was recommended as a first-line test in the clinical 
genetic evaluation of unexplained DD/ ID [6]. Since then, 
CMA has been the first-tier test for patients presenting 
with DD/ID, ASD, and MCAHowever, another consen-
sus statement was published in 2019 recommended whole 
exome sequencing as a first-tier test for patients with neu-
rodevelopmental disorders [1].

In the present study, we conducted CMA analysis in 
1277 patients with DD/ID, ASD, and MCA. To our knowl-
edge, this study has the highest number of Turkish patients 
in reports of CMA ever published. The diagnostic rate 
of chromosomal abnormalities was 11 which is consist-
ent with the results of previous studies 5–20% [7, 14]. 
Among the 135 patients diagnosed in this study, many 
patients have additional features that may contribute to 
the literature.

In previous studies conducted in the Turkish population, 
CNV rates ranged between 8.5 and 18.55% [15–18]. Ceylan 
et al. (2018) reported that of a group of 124 Turkish patients 
with intellectual disability and global developmental delay, 
18.55% had pathogenic and likely pathogenic CNVs detected 
[15]. A study conducted by Ozyilmaz et al. (2016) reported 
that 13.6% of a group of 971 Turkish patients with develop-
mental disabilities and congenital anomalies had pathogenic 
CNVs detected [16]. Özaslan et al. (2021) reported that 8.5% 
had pathogenic CNVs detected in a group of 47 Turkish 
patients with ASD [17]. In their study, Türkyılmaz et al.
(2021) reported that 17.1% had pathogenic and likely patho-
genic CNVs detected in a group of 139 Turkish patients with 
DD/ID [18]. Pathogenic and likely pathogenic CNVs have 
been evaluated in several studies. Our study results revealed 
that 11% of the study cohort showed all clinically relevant 
CNVs. The differences in CNV rates between the conducted 
studies, including ours, may be attributed to variations in 
sample sizes or the effect of VUS variants.

The major clinical findings showed that DD/ID has the 
highest diagnostic rate (77), followed by DD (16), epilepsy 
(9), hypotonia (8%), and microcephaly (%4). The diagnostic 
rates of other findings are shown in Fig. 1. Additional minor 
findings with very poor diagnostic values, according to 
radilogical findings, are endocrine disorders, hydrocephaly, 
behavioral problems, aggressiveness, and minor congenital 
anomalies such as cleft palate, cryptorchidism, and vesi-
coureteral reflux. Based on these findings, MCA should be 
the first step while selecting the test for diagnosing patients 
with DD/ID.

Patient 1B with phenotype-associated pathogenic CNV, 
shown in Table 2, presented with intellectual disability, 
learning disability, mitral valve prolapse (MVP), and bicus-
pite aortic valve. Microarray analysis revealed a 3,965 kbp 
deletion at 15q21.3q22.2 including the TCF12 gene. Addi-
tionally, craniosynostosis-3 (CRS3)(OMIM #615,314) is 
caused by heterozygous mutation in the TCF12 (OMIM 
#600,480) on chromosome 15q21. Pathogenic variants 
in TCF12 were reported in patients with significant devel-
opmental delay or learning disability. Moreover, few reports 
documented chromosomal deletions including TCF12  in 
patients with craniosynostosis and intellectual disability 
[19, 20]. TCF12 heterozygous loss-of-function mutations 
have been associated with craniosynocytosis. Recently, 
intragenic deletions and duplications have been reported in 
5 cases with TCF-related craniosynostosis and intellectual 
disability [21, 22]. To date, whole TCF12 deletion has been 
reported in three patients. Firstly, coronal craniosynostosis 
and intellectual disability were reported in a patient with a 
deletion in the 15q21.3q22.2 region, including the TCF12, 
but a small duplication in the 2q21 region was accompanied 
as a result of maternal complex chromosomal rearrange-
ment [20]. Second TCF12 deletion was reported in a patient 
with developmental delay, dysmorphic features, seizures, 
and atrial septal defect [23]. Two of the four patients with 
TCF12 deletion had atrial septal defects. Interestingly, MVP 
and bicuspid aortic valve were reported for the first time in 
our case. Accordingly, further investigations are required 
to determine whether MVP and bicuspid aortic valve are 
related to the TCF12 gene.

Patient 2B with phenotype-associated pathogenic CNV, 
shown in Table  2, a 12-year-old male, presented with 
intellectual disability, developmental delay, speech delay, 
learning disability, gait ataxia, and cerebellar cyst. Micro-
array analysis revealed a de novo genomic rearrangement 
including a 5,575 kbp deletion at 12p13.33p13.31 and a 
3,057 kbp duplication at 17p13.3. Chromosome 12p dele-
tions included CACNA1C, ERC1, FBXL14, WNT5B, ADI-
POR2, CACNA2D4, LRTM2, and DCP1B that have been 
linked to the developmental verbal dyspraxia (DVD) and 
childhood apraxia of speech (CAS). Pathogenic variants of 
the CACNA1C gene are associated with autosomal dominant 
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Table 3  Patients with CNV of uncertain clinical significance

Case Age/Sex Region Type/Size Critical 
genes or 
region

OMIM 
genes

Karyotype Major clini-
cal findings

1C 7/M arr[hg19] 2p25.3(249,091_734,905)x3 Dup
 486 kbp

MYT1L/
Uncertain

5 N Autism, 
aggressive-
ness, self 
destructive 
behavior

2C 8/F arr[hg19] 
1q41(222,697,087_224,051,439)x3

Dup
1,354 kbp

Uncertain 14 N Autism

3C 8/E arr[hg19] 
4q35.2(189,627,147_190,957,473)x1

Del
1,330 kbp

Uncertain 5 N Autism

4C 17/M arr[hg19] 
17q12(31,955,152_32,947,102)x3

Dup 
992 kbp

Uncertain 10 47XY+MAR DD/ID, velo-
pharyngeal 
insuffi-
ciency

5C 0/M arr[hg19] Yp11.2(4,526,543_6,505,825)
x0

Del 
1,979 kbp

Uncertain 15 N Autism, 
DD/ID, 
epilepsy

6C 7/M arr[hg19] 
13q14.11(43,524,100_44,450,346)x3

Dup
926 kbp

Uncertain 5 N Autism

7C 3/M arr[hg19] 
2q32.3(193,602,929_194,490,513)x1

Del
888 kbp

PCGEM1
/Uncertain

N Autism

8C 0/E arr[hg19] 11q21q23.3(94,425,766_116,
690,578)x1

Del
 22,265 

kbp

Uncertain 46,XY,del(11)(q14q23) Neonatal 
hypotonia, 
right optic 
atrophy

9C 10/M arr[hg19] 2p25.3(249,091_734,905)x3 Dup 
486 kbp

Uncertain 5 N Autism, 
aggressive-
ness

10C 7/M arr[hg19] 
14q32.33(105871768_107285437)x1

Del
1,414 kbp

Uncertain 21 N Autism, 
aggressive-
ness

11C 10/E arr(X)x1, (Y)x2 47,XYY ID, epilepsy, 
short 
stature

12C 8/E arr[hg19] Yq11.2
23q11.23(25,772,061_28,172,000)x2

Dup 
2,400 kbp

Uncertain 19 47,XY,+8[15]/46,XY[35] ID, short 
stature, GH 
deficiency

13C 16/F arr[hg19] 
Xp11.23(48801983_49470545)x1

Del 
669 kbp

Uncertain 39 Short stature

14C 1/M arr[hg19] 
11p11.2p11.12(48327185_49228613)
x3

Dup
901 kbp

Uncertain 6 Hypotonia, 
macro-
cephaly, 
macroso-
mia

15C 13/F arr[hg19] 
10q25.2(112828393_114468137)x3

Dup 
1,640 kbp

Uncertain 9 ID, obesity

16C 12/F arr[hg19] 
6q21q22.31(111623202_120485517)
x3

Dup
8,862 kbp

Uncertain 56 DD/ID, 
neonatal 
hypotonia

17C 15/F arr[hg19] 6q12(66289182_67430334)x3 Dup
1,141 kbp

Uncertain 2 Primary 
amenor-
rhea

18C 26/M arr[hg19] 
22q11.1q11.21(16888899_18153009)
x4

Dup
1,264 kbp

Uncertain 18 Hypergon-
adotropic 
hypog-
onadism
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inheritance, “Neurodevelopmental disorder with hypoto-
nia, language delay, and skeletal defects with or without 
seizures” (OMIM #620,029). 12p13.33 deletion has been 
associated to mild intellectual disability, speech delay, and 
motor skills impairment [24, 25]. Chromosome 17p13.3 
duplication syndrome (OMIM #613,215) is characterized by 

developmental delay, autism, abnormal growth, facial dys-
morphism, and structural brain abnormalities [26, 27]. This 
duplication on the 17p13.3 region, involves PAFAH1B1, 
YWHAE, and CRK genes. According to Bruno et al., class 
II duplication encompasses PAFAH1B1 and may also 
include CRK and YWHAE. Bruno DL et al. suggested class 

Table 3  (continued)

Case Age/Sex Region Type/Size Critical 
genes or 
region

OMIM 
genes

Karyotype Major clini-
cal findings

19C 1/F arr[hg19]
15q11.2(22770421_ 23654294)x3

Dup
884 kbp

Uncertain 11 DD 

20C 7/M arr[hg19]
6q25.3(155751813_156162006)x1

Del 
410 kbp

Uncertain ID

21C 2/M  arr[hg19] 
13q31.1(79259453_81127249)x1

Del
 1,868 kbp

Uncertain 10 DD/ID, short 
stature

22C 6/M arr[hg19] 
15q11.2(22,770,421_23,214,984)x3

Dup
445 kbp

Uncertain 6 N ID,  learning 
disability 
obesity

23C 3/M arr[hg19] 
4q31.3q32.1(154958319_156353245)
x3, Yq11.2
21q11.222(19571466_21000961)x0

Dup
1,395 kbp
Del 
1,429 kbp

Uncertain/ 
Uncertain

8/
10

N DD/ID, 
hypotonia, 
micro-
cephaly, 
epilepsy, 
ASD,VSD

24C 7/M arr[hg19] 9p13.3(33334956_33893073)
x1

Del
558 kbp

Uncertain 13 N DD/ID, 
Autism

25C 9/M arr[hg19] 
2q21.3q22.1(136511816_136925439)
x3, 19q13.2(38748912_39416409)x3

Dup 
414 kbp
Dup 
667 kbp

Uncertain/
Uncertain

7/
26

N ID

26C 5/F arr[hg19] 
17q22q23.1(57185806_57700581)x3

Dup
515 kbp

Uncertain 11 DD/ID, 
aggressive-
ness

27C 15/F arr[hg19] 3p26.3p26.2(61891_2949863)
x3

Dup
2,888kbp

CNTN6
CLH1
Uncertain

7 N Short stature

28C 17/F                                                                             arr[hg19] Xp22.33(562296_3008272)x3 Dup
2,446 kbp

Uncertain
SHOX

25 N DD/ID

29C 12/M arr[hg19] 
Xp11.23(47693253_48283225)x2

Dup
590 kbp

Uncertain 13 N ID, epilepsy

30C 6/M arr[hg19] 
15q11.2(22,770,421_23,214,984)x3

Dup
445 kbp

Uncertain 4 ID, obesity

31C 0/M arr[hg19] 22q11.
22q11.23(22,962,961_25,059,631)x3

Dup 
2,097 kbp

Uncertain 52 N Polydactyly, 
macro-
cephaly, 
hydrone-
phrosis, 
ASD

32C 2/M arr[hg19] 
10q11.22(46,293,590_48,164,458)x1

Del 
1,871 kbp

Uncertain 23 N Cerebral 
palsy, epi-
lepsy

33C 5/M arr[hg19] Xq13.1(70356641_70510791)
x2

Dup 
154 kbp

Uncertain 6 DD 

VSD ventricular septal defect, ASD atriel septal defect, MVP mitral valve prolapse, DD developmental delay, ID intellectual disability, N Normal
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Table 4  The number and percentage of patients diagnosed with single well-known genetic syndrome

Syndrome name OMIM # Number of 
cases

Number of cases % of 
total cases(1227)

Number % of total 
solved cases(135)

1q21.1 Microduplication syndrome 612,475 2 0.16 1.48
1q21.1 Deletion syndrome 612,474 1 0.08 0.74
1p36 Deletion syndrome 607,872 1 0.08 0.74
2q33.1 Microdeletion syndrome 1 0.08 0.74
Glucogen storage disease type-4 232,500 1 0.08 0.74
Wolf-hirschhorn syndrome 194,190 3 0.24 2.22
Cri du chat syndrome 123,450 1 0.08 0.74
Bosch-boonstra-schaaf optic atrophy syndrome 615,722 1 0.08 0.74
6q27 Terminal deletion syndrome 2 0.16 1.48
Joubert syndrome 614,464 1 0.08 0.74
Williams-beuren syndrome 194,050 3 0.24 2.22
7q11.23 Duplication syndrome 609,757 1 0.08 0.74
Monosomy in distal 8p syndrome 1 0.08 0.74
Mosaic trisomy 8(warkany syndrome 2) 1 0.08 0.74
Nicolaides–baraitser syndrome 601,358 1 0.08 0.74
9p Duplication syndrome 1 0.08 0.74
Kleefstra syndrome 610,253 2 0.16 1.48
10q22.3-q23.2 Deletion syndrome 612,242 1 0.08 0.74
10p15.3 Microdeletion syndrome 1 0.08 0.74
Spinoserebeller ataxi 5 600,224 1 0.08 0.74
Coffın-siris syndrome 6 617,808 1 0.08 0.74
Impaıred intellectual development and distinctive facial 

features with or without cardiac defects; MRFACD
616,789 1 0.08 0.74

15q11 Tetrasomy syndrome 1 0.08 0.74
Prader-willi/angelman syndrome 105,830 4 0.32 2.96
15q24 Microdeletion syndrome 613,406 1 0.08 0.74
15q13.3 Microdeletion syndrome 612,001 2 0.16 1.48
Ayme-gripp syndrome 601,088 1 0.08 0.74
16q12 Microdeletion syndrome - 1 0.08 0.74
16p11.2 Microdeletion syndrome 611,913 1 0.08 0.74
16p13.11 Microdeletion syndrome 3 0.24 2.22
16p13.2 Microdeletion syndrome 616,863 1 0.08 0.74
16p13.11 Microduplication - 3 0.24 2.22
Potocki-lupski syndrome 610,883 1 0.08 0.74
Miller dieker syndrome 247,200 1 0.08 0.74
Koolen-de vries sendromu 610,443 1 0.08 0.74
17q12 deletion syndrome 614,527 1 0.08 0.74
Smith magenis syndrome 182,290 2 0.16 1.48
18p Monosomy syndrome - 1 0.08 0.74
Tetrazomi 18p syndrome 614,290 1 0.08 0.74
18q Deletion syndrome 601,808 1 0.08 0.74
18q23 Deletion syndrome - 1 0.08 0.74
Phelan-McDermid syndrome 606,232 2 0.16 1.48
22q11.2 Microduplication syndrome 608,363 1 0.08 0.74
22q11.2 Microdeletion syndrome 611,867 4 0.32 2.96
Xq28 Mikroduplication syndrome 300,815 2 0.16 1.48
Pelizaeus-merzbacher syndrome 312,080 2 0.16 1.48
Klinefelter syndrome - 1 0.08 0.74
Duchanne muscular dystrophy 310,200 2 0.16 1.48
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I duplication includes the YWHAE gene, but not specifically 
PAFAH1B1. However, class II duplication always contained 
PAFAH1B1, CRK, and YWHAE genes. Class II microdupli-
cations are characterized by moderate to mild developmental 
and psychomotor delay and hypotonia. The patient had simi-
lar features with class II microduplication. Patient 5 who had 
a combined 17p duplication and 12p deletion had a normal 
constitutional karyotype, and his parents’ karyotypes were 
also normal. Besides, his parents’ CMAs were normal. How-
ever, in the FISH analysis of the parents, it was determined 
that this complex change occurred as a result of abnormal 
segregation of the balanced translocation in the father.

As seen in this case, we were able to detect parents 
with balanced chromosome carriers by applying both 
chromosome analysis and the FISH method. Accordingly, 

chromosome analysis and FISH should be performed to 
determine the balanced chromosome carriers.

Patient 3B with phenotype-associated pathogenic CNV, 
presented with developmental delay, fallot tetralogy, arach-
nodactyly, and flexion contractures at the left wrist (Table 2). 
G-banded karyotype analysis revealed 46,XX,der(15)t(7;15)
(p10;q10)pat. Microarray analysis revealed a 57,963 kbp 
duplication at 7p22.3p11.1. Recently, several cases of 7p 
duplications have been reported. However, various cardiac 
anomalies have been reported in 6 of 18 patients with chro-
mosome 7p duplication, this is the first patient that the tetral-
ogy of Fallot reported [28]. Deletions of chromosome 7p 
may be accompanied by tetralogy of Fallot in 4 patients [29].

Patient 29A with a well-known genetic syndrome, shown 
in Table 1, a 2-year-old girl who presented with hypotonia. 
She was unable to sit, walk or talk. Physical examination 

Table 4  (continued)

Syndrome name OMIM # Number of 
cases

Number of cases % of 
total cases(1227)

Number % of total 
solved cases(135)

Leri weill diskondrosteozis(LWD) 127,300 1 0.08 0.74

Table 5  The number and 
percentage of patients 
diagnosed with multiple well-
known genetic syndrome

Syndrome name OMIM # Number 
of cases

Number of cases % 
of total cases(1227)

Number % of total 
solved cases(135)

Primrose syndrome/turner syndrome 259,050 1 0,08 0,74
12p13.33 Deletion syndrome/ 

17p13.3 duplication syndrome
-/613215 1 0,08 0,74

Down syndrome/CMT syndrome 190,685/118220 1 0,08 0,74

Fig. 1  Diagnosis rates according to major clinical findings
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revealed intellectual disability, developmental delay, 
microcephaly, scaphocephaly, sparse hair, clinodactyly, 
and reduced hand subcutaneous fat. Both brain magnetic 
resonance imaging and echocardiography were within 
normal limits. A conventional cytogenetic study revealed 
46,XX,add(15)(p11.2). Parental chromosomes were normal. 
Microarray analysis revealed a 38,584 kbp de novo dupli-
cation at 9p24.3p13.1. SMARCA2 gene is associated with 
Nicolaides–Baraitser syndrome (NCBRS; OMIM#601,358) 
and Coffin-Siris syndrome (CSS; OMIM#135,900) but 
SMARCA2 mutations causing NCBRS are likely to act 
through a dominant-negative effect [30].

Patient 43A with a well-known genetic syndrome shown 
in Table 1, a 19-year-old male patient who presented with 
intellectual disability and developmental delay. He had 
learning disability, epilepsy, congenital cataract, scoliosis, 
and growth hormone deficiency. Additionally, he had a broad 
nasal root and arachnodactyly. Microarray analysis revealed 
a 4,350 kbp deletion at 16q23.1q23.3. According to Javadi-
yan et al. (2017) and Alkhunaizi et al. (2019), MAF gene 
heterozygote variations are associated with Aymé-Gripp 
syndrome [31, 32]. It is the first time to report a case with 
heterozygous deletions of chromosome 16q23 encompassing 
the MAF gene. The patient’s 48-year-old father and aunt had 
undergone cataract surgery. The couple is nonconsanguine-
ous, also the mother is healthy.

Also, the karyotype and microarray results of the parents 
of cases 9B, 10B, 11B, and 14B from Table 2 as well as 
cases 4C and 29C from Table 3 were found to be normal. 
These results support the pathogenicity of the variations 
detected in patients. However, as one of the limitations of 
our study, we could not perform karyotype and microarray 
analysis on the mothers and fathers of patients in Tables 2 
and 3.

Conclusion

As a result, CMA may be beneficial in identifying micro-
deletions and microduplications, and has played an impor-
tant role in the diagnosis and genetic counseling of patients. 
Here in, we present an analysis of patients with deletions 
and duplications, as well as novel and previously unreported 
findings. The study’s findings highlight the importance of 
CMA analysis in cytogenic examinations since patients 
exhibited positive results on the CMA test but negative 
results with karyotype analyses. This article presents mul-
tiple cases with new findings. In order to contribute to the 
literature, some patients are explained in detail above.
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