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Abstract

Background: Williams-Beuren Syndrome (WBS) is a rare neurodevelopmental disorder characterized by dysmorphic
features, cardiovascular defects, cognitive deficits and developmental delay. WBS is caused by a segmental
aneuploidy of chromosome 7 due to heterozygous deletion of contiguous genes at the long arm of chromosome
7q11.23. We aimed to apply array-CGH technique for the detection of copy number variants in suspected WBS
patients and to determine the size of the deleted segment at chromosome 7q11.23 in correlation with the
phenotype. The study included 24 patients referred to the CEGMR with the provisional diagnosis of WBS and
8 parents. The patients were subjected to conventional Cytogenetic (G-banding) analysis, Molecular Cytogenetic
(Fluorescent In-Situ Hybridization), array-based Comparative Genomic Hybridization (array-CGH) and quantitative
Real time PCR (qPCR) Techniques.

Results: No deletions were detected by Karyotyping, however, one patient showed unbalanced translocation
between chromosome 18 and 19, the karyotype was 45,XX, der(19) t(18;19)(q11.1;p13.3)-18. FISH technique could
detect microdeletion in chromosome 7q11.23 in 10/24 patients. Array-CGH and qPCR confirmed the deletion in all
samples, and could detect duplication of 7q11.23 in three patients and two parents. Furthermore, the size of the
deletion could be detected accurately by both array-CGH and qPCR techniques. Three patients not showing the
7q11.23 deletion were diagnosed by array-CGH to have deletion in chr9p13.1-p11.2, chr18p11.32-p11.21 and
chr1p36.13.

Conclusion: Both FISH and array-CGH are reliable methods for the diagnosis of WBS; however, array-CGH has the
advantage of detection of genome deletions/ duplications that cannot otherwise be detected by conventional
cytogenetic techniques. Array-CGH and qPCR are useful for detection of deletion sizes and prediction of the
interrupted genes and their impact on the disease phenotype. Further investigations are needed for studying the
impact of deletion sizes and function of the deleted genes on chromosome 7q11.23.

Trial registration: ISRCTN ISRCTN73824458. MOCY-D-16-00041R1. Registered 28 September 2014. Retrospectively
registered.
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Background
Congenital heart defects (CHDs) are major pediatric
health problem in Saudi Arabia (SA). A prevalence of
CHDs ranging between 2.1 and ~10.7/1000 live births
was reported [1, 2], with the highest prevalence found in
the Southwestern and the Northern Provinces [3]. A
community-based National prevalence study of symp-
tomatic CHDs reported a prevalence of 2.1/1000
children [4]. CHDs associated with other malformations
present a challenging problem in clinical diagnosis and
genetic counseling. Williams’s syndrome (WS) or
Williams-Beuren syndrome (WBS) (OMIM 194050) is a
contiguous gene syndrome caused by hemizygous
deletion of chromosome 7q11.23 and is often associated
with a CHD. Affected children have distinctive facial
features, congenital heart defects mainly supra valvular
aortic stenosis, cognitive deficits, unique personality
characteristics and infantile hypercalcemia [5, 6]. Other
features included stellate iris pattern, elfin facial features,
coordination problems, developmental delay, short
stature, and friendly personality [7, 8]. The disease
occurrence is mostly sporadic with an estimated preva-
lence ranging between 1/7500 and 1/25,000 [9, 10].
Most cases of WBS occur as random event during for-

mation of reproductive cells (eggs or sperm) in a parent
of an affected individual. In a small percentage of cases
patients inherit the chromosomal deletion from a parent
with the condition [9, 11].
Accurate diagnosis is essential for providing optimal

medical care and proper genetic counselling and estima-
tion the risk of recurrence in future pregnancies. The
disease is not easily detectable using conventional
cytogenetic analysis due to limited resolution of (<5 Mb)
and is usually detected by Fluorescent in-Situ Hybridization
(FISH). The development of more recent techniques such
as quantitative Real-Time Polymerase Chain Reaction
(qPCR), and microarray-based Comparative Genomic
Hybridization (array-CGH) has allowed for more accurate
diagnosis [11].
Common deletion size causing WBS spans 1.5 to 1.8

million base pair (Mb) which contains more than 25
genes and it is believed that loss of several of these genes
probably contributes to the characteristic features of this
disorder [12]. The deleted region is flanked by three
large low copy-repeat sequences (LCR) (320 Kb) known
as LCR blocks A, B, and C which share high similarity of
nucleotide sequences leading to non-allelic homologous
recombination (NAHR) conferring liability to mispairing
and unequal crossing over leading to deletions and
duplications [13]. Smaller or larger deletions have been
reported and a phenotypic variability was identified to
correlate with the size of deletion in the WBS region
[14]. The use of qPCR has allowed the precise definition
of the deletion size and more accurate identification of

genotype /phenotype correlation in patients with
WBS [15, 16]. More recently, array-CGH technique
has been applied for the accurate diagnosis of the de-
leted genes causing the typical and atypical pheno-
types in WBS [17, 18].
Patients with WBS are not easily diagnosed early in

neonatal life until characteristic personality and pheno-
typic features become apparent later in childhood.
Furthermore, the phenotype becomes variable with ad-
vancing age which imposes more challenge for clinical
diagnosis. To our knowledge no previous studies for the
molecular diagnosis of WBS have been reported in Saudi
Arabia. Therefore, we aimed to investigate the clinical
utility of array-CGH technique for the early diagnosis of
WBS, and investigate the impact of size of deletion on
the phenotype.

Subjects & methods
Twenty four patients suspected for WBS and 8 parents
were referred from the Pediatric Cardiology Clinic, King
Abdulaziz University Hospital (KAUH), to the Center of
Excellence in Genomic Medicine Research (CEGMR) for
genetic diagnosis. They were 11 M: 13 F, their ages
ranged between 1 and 18 years old (mean = 5.52).
Besides, samples from 20 normal subjects were used as
controls. Peripheral blood samples were obtained on
Sodium heparin for chromosomal and FISH analysis,
and another sample was taken on EDTA for DNA
extraction. All samples were subjected to conventional
cytogenetic analysis using GTG-banding and (FISH)
technique, as well as array-CGH and real time qPCR
techniques. Peripheral blood samples were obtained
from patients after taking informed consent from the pa-
tients or their parents or patient’s guardian. This study
was approved by the Institutional Review Board and Eth-
ical Committee of the (CEGMR), as part of a project
funded by the KACST, King Abdulaziz University (KAU)
(Code # 016-CEGMR-ETH).

Methods
Conventional GTG-banding technique was applied for
the chromosomal analysis of all patients as a routine
procedure in the DGMU lab.

Fluorescent In situ hybridization (FISH)
We used Vysis LSI ELN Probe, which is 180 kb
Spectrum Orange directly labeled fluorescent DNA
probe specific for the William’s region locus (7q11.23-)
and LSI D7s probe which is 108 kb Spectrum Green
directly labeled fluorescent DNA probe specific for the
region located in the (7q31). The probe tests the
presence or absence of ELN and LIMK1 genes on
chromosome 7q, control loci D7S613 genes were involved
in “William’s region” for validation of the reaction. All
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steps of hybridization and washing procedure were done
following the manufacturer instructions (Vysis).

Array-CGH technique
We applied the high resolution oligonucleotide-based
2x400 array-CGH technique using the Agilent platform.
The SurePrint G3 Human CNV 2x400K Oligo Micro-
array kit (complete coverage of known CNVs) was used
according to a modified protocol of Agilent's procedures.
Briefly, genomic DNA was isolated and amplified, then
purified using QIA-Miniprep_ Kit (QIAGEN) following
manufacturer’s instructions and quantified using Nano_-
Drop Spectrophotometer. The DNA was labeled with
Cy3-dUTP, the reference DNA, sex matched human
genomic DNA was labeled with Cy5-dUTP. The labeled
test and reference DNA were combined and purified,
and then loaded onto the chips and hybridized according
to manufacturer’s instructions. Images of the array were
acquired with Agilent scanner G2505C (HD) and ana-
lyzed with Feature Extraction Software v3.0.5.1 (Agilent
Technology, Santa Clara, CA, USA) under designed pa-
rameters: Genome: hg 18, Aberration Filters: min
Probes = 3, DNA min Avg Abs Log Ratio = 0.25 and max
Aberrations = 100,000 and per cent penetrance = 0.
Finally Cyto Report file was created and the Cytoge-
nomics software (Agilent Cytogenomics v3.0.6.6) was
used for data analysis. Several online genetic data-
bases were referred to during analysis of the results:
the Database of Genomic Variants (DGVs), UCSC
Genome browser on human Feb 2009 (GRCh 37/hg19
Assembly), and Database of Chromosomal Imbalance
and Phenotype in Humans using Ensemble Resources
(DECIPHER).

Quantitative real time PCR (qPCR)
qPCR was performed on 25 samples (20 patients and 5
parents) using quantitative analysis and standard curve
method [16]. We used SYBR Green Gene Expression
Assays to detect the deletion on chromosome 7q11.23.
The starting copy number of the unknown samples was
determined using the comparative Ct method as previ-
ously described [19]. PCR primers’ sequences for ampli-
fication of microsatellite markers were selected from the
USCS database sequences of chromosome 7 from pos-
ition 71.449.000 to 73.925.000 as previously described
[16]. Twelve PCR primer pairs are generating amplified
fragments in 100–300 kb intervals along the WBS
deletion region covering 2.5 Mb. The SOX9 gene on
chromosome 17 or the B2M2 genes were used as refer-
ence gene (s) for confirmation of the array-CGH results.
PCR was carried out using an ABI StepOne Plus
(Applied Biosystems) in a 96-well optical plate with a
final reaction volume of 10 μl. All primers were prepared
at 100 pmol/μl and all DNA samples were diluted at

10 ng/μl. PCR master mix consisted of the appropriate
volumes of KAPA SYBR® FAST qPCR Master Mix (2X),
High ROX, primers, template DNA and RNase-grade
water up to 10 μl. Thermal cycling conditions consisted
of initial denaturation at 95 °C for 3 min, followed by
40 cycles of 95 °C for 15 s, 60 °C for 30 s and 72 °C for
1 min. The fractional cycle-number (Ct) of a probe,
where the measured fluorescence reaches a fixed thresh-
old is directly related to the amount of input DNA.
Melting curve analysis was performed to identify the
presence of primer-dimers and the specificity of the re-
action. Analysis of the results was done by using
StepOne™ Software V2.3 (Applied Biosystems). A higher
or lower starting copy-number of input DNA as a sign
for a deletion or a duplication will result in an earlier or
later increase of fluorescence. Quantification of target
sequence is normalized and relative copy number (RCN)
determined on the basis of comparative ΔΔCt method with
a normal control DNA as the calibrator. The ΔΔCt is calcu-
lated as follow: ΔΔCt = (ΔCt unknown sample-ΔCt control
sample). Normalized copy number = 2ˉΔΔCt A 0.5-fold RCN
is used for deletion and 1.5-fold for duplication [19].

Results

Cytogenetic analysis using GTG-banding revealed no
deletion in chromosome 7q11.23 in all samples, except
one sample had translocation chromosomes 18;19 the
karyotype was45,XX,der(19)t(18;19) (q11.1;p13.3)-18.
FISH Analysis has shown the deletion on chromosome
7q11.23 in 10/24 (41.6 %) patients, but no deletion was
observed in the parents. Example of a normal chromosome
(7q) and deletion in chromosome 7q11.23 is shown in Fig. 1.
Array-CGH technique has shown deletion in 8/22
patients (36 %), however, three patients and two
parents have shown duplication in chromosome7q11.23
critical region for WBS. Five samples had approximate
similar deletion sizes: sample (No.bl-680-11; bl-1787;
and bl-858-14) have deletion size (1.42 Mb), samples
bl-320 and bl-272 have deletion size (1.41 Mb), and
(1.40 Mb) respectively. However, samples No. bl-1071-
11; bl-232-15, and bl-402-15 had a larger deletion size
(1,44 Mb) and (1.63 Mb) respectively. The size of
deletion was confirmed by qPCR. Patients (bl-664-10)
and bl-1190) did not have enough DNA for array-CGH
analysis and were detected by qPCR only, their sizes
were (1.8 Mb) and (1.40 Mb) respectively. Patient
(680–11) has shown deletion in chromosome 7q11.23
(72359696–73780263) (Fig. 2) and duplication in
chromosome 22q11.21 (17031614–19362298)
(2330 Mb) (Fig. 3), inherited from her mother who had
the same duplication variant at chromosome22q11.21
(17274835–19327233) (2.052 Mb). Patient (320–12) had
dup22q13.1 (35944612–37522778) (1578 Mb) inherited
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from her mother who had dup 22q12.3-q13.1
(34759898–38422701) (3662 Mb) Other Copy Number
Variants (CNVs) such as microdeletions or micro
duplications were detected in other chromosomes,
a summary of the CNVs observed in patients and their
parents are listed in (Table 1). Figure 4 presents the sizes
of deletions in chromosome 7q11.23 in all samples.

Three patients had no deletion by FISH analysis;
however, array-CGH has shown duplication in chromo-
some 7q11.23. Patient (bl-718-10) had dup7q11.23
(72635638–75885557) (3.249 Mb) (Fig. 5), patient (bl-889-
12) had dup 7q11.22-11.23 (71073911–75851988)
(4.77 Mb), and patient (bl-289-13) had dup 7q11.23
(70573442–75877956) (5.304 Mb). The mother of case
(bl-320-12) had duplication 7q11.23 (72635638–
75982676) (3.347 Mb), and the mother of case bl-1071
has dup 7q11.23 (76,271,711-76,321,898) (150 kb).

Three patients not showing deletion at chromosome
7q WBS critical region had shown deletion in other
chromosomes such as case (bl-663) has deletion
chr18p11.32- p11.21 (14.859 Mb), case (bl-1127) has
del 1p36.13, and case (bl-1810) has del 9 p13.1-p11.2
(38758232–45359386) (6601 Mb). Patient (bl-663) has
translocation between chromosomes (18, 19) which
could not be detected by array-CGH; the deletion in
chr18p11 was reported differently by array-CGH and
GTG-banding with (different breakpoints), because
there are no probes at the centromeric region in array-
CGH scanning (no probes at the position 18q11.1).
Table 2 summarizes the clinical data, results of FISH
analysis, array-CGH and qPCR techniques.
Five mothers and three fathers were available for

array-CGH analysis, no deletion in chr7q was observed
in all samples; however, qPCR has shown interrupted
regions of deletions in one father and one mother
which was not observed by array-CGH analysis.

Q-PCR technique
The deletion in chromosome 7q11.23 was confirmed
by qPCR: Six samples (sample No.Bl-680, bl-320, bl-
1787, bl-1071, bl-272 and bl-1190) had common
deletion sizes range between 1.40 and 1.44 Mb
starting from markers WBS1016 to WBS2447. Larger
deletion (1.61 Mb and 1.80 Mb) was identified in
sample (bl-402-15 and Bl-664-10) starting from STS
marker WBS2447 to WBS522. Figure 6 illustrates
graphic representation of chromosome 7q11.23 pre-
senting variable sizes of deletions found in the patients
and the corresponding markers and their positions on
the chromosome.

Discussion
WBS is reliably detected by FISH technique, however,
no deletions on chromosome 7q could be detected by
conventional GTG banding [20]. Although visible
deletion could be detected by high resolution tech-
nique [21] FISH technique is more sensitive to detect
small changes on one chromosome. Specific probes
using ELN and LIMKI genes, the most common
genes involved in WBS are designed for detection of
deletion on metaphase and interphase chromosomes
to confirm the clinical diagnosis. Elcioglu [22] re-
ported deletion in 12 out of 14 patients of WBS using
FISH analysis, two patients did not have deletions for
the ELN gene [22]. Tassabehji [23] used cosmids
containing LIMK1, ELN and syntaxin 1A (STXIA).
They detected deletion of LIMK1 in all subjects,
while ELN was deleted in two patients but not the
other subjects suggesting that the gene was either not
deleted or only partially deleted. One drawback for
FISH is that it cannot cover the whole deleted region

Fig. 1 a FISH image shows no deletion in chr7q11.23. ELN probe
showed two red signals on both chromosomes 7q11.23. b FISH image
is showing the deletion of chr7q11.23. ELN probe showed only one
red signal on one chromosome and absent signal on the other
chromosome indicating deletion of 7q11.23
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on chromosome 7q11.23 [24] ranging in deleted
lengths from patient to patient. Whereas qPCR
proved to be useful for detection of the deletion size
in WBS region with resolution of 100- to 300-Kb
intervals [16]. Twelve pair of primers covering the
deleted segment on 7q11.23 allowed for the detection
of deletion size. This is probably due to the high sen-
sitivity and the specificity of qPCR which can detect
small copy number changes that cannot be detected
by FISH. Deletion sizes in our patients ranged be-
tween 1.40 Mb and 1.44 Mb (80 %), while two sam-
ples had larger deletions (1.61 and 1.80 Mb).
Schubert & Laccone [16] used qPCR to scan 2.5 Mb
of the WBS deletion region at a resolution of 100-
300Kb. They found that 21/65 (32 %) patients had
deletion in the WBS region, (38 %) of patients had
deletion size of (1.4 Mb) and (33 %) displayed

(1.7 Mb) deletion and three others have a 1.8 Mb
while one patient had a 200Kb deletion and another
one has the large 2.5 Mb deletion [16].
Several studies reported that the most common

deletion size is 1.55 Mb which is present in >95 % of
individuals diagnosed as WBS due to mis-pairing be-
tween the B-centromeric and B-medial LCR blocks
[25, 26]. Bayes et al. [12] reported two common dele-
tion regions, 1.5 Mb deletion in 95 % of patients,
while 5 % showed a larger deletion (1.8 Mb) due to
abnormal recombination between block Ac and Am
[12]. However, smaller deletion of about 850Kb was
observed by Botta et al., [27] in two patients showing
the full spectrum of WBS phenotype. Dutra et al.,
[28, 29] used microsatellite DNA markers and MLPA
technique for detection of deletion size. They found
the 1.55 Mb deletion in (90.5) and (89 %) of patients,

Fig. 2 Array-CGH for chromosome7q (Agilent 2X400) showing deleted segment in chromosome 7q11.23 in patient (bl- 680–11), size of deletion
1.42 Mb, the deleted genes are shown within the deleted region
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and the 1.84 Mb deletion in (9.5) and (10.9 %)
patients respectively.
Microarray—based CGH technique proved to be a

reliable technique for dosage detection of genome
variants. We could detect duplication of the WBS
critical region in three patients and two mothers that
could not be detected by FISH. The patients were
referred to our Centre for the confirmation or/exclu-
sion of WBS diagnosis. One patient (bl-718) (2 years’
old, female) presented with dysmorphic features, fail-
ure to thrive, congenital hypocalcemia, left vocal cord
paralysis, seizures, delayed speech and dilated cardio-
myopathy. The other patient (bl-889) had supravalvular
aortic stenosis, left pulmonary stenosis and dysmorphic
features. The third patient (bl-289-13) presented with
developmental delay, speech delay, microcephaly, low
set ears, epilepsy and pulmonary stenosis. It is

interesting to note that the first case of Dup7q11.23
was accidentally found in a child referred for evalu-
ation of velocardiofacial syndrome [30]. Torniero et
al. [31] reported a patient with duplication reciprocal to
the WBS critical region on chr7q11.23 with dysmorphic
features, speech delay, pachygyria and epilepsy, and
proposed that at least one gene in the WBS critical
region can impair neuronal migration. Beunders et al.
[32] described the reciprocal duplication in 27 fam-
ilies, and triplication in another patient with speech
delay, behavioral problems, dysmorphism, and suggested
that amplification of the WBS region is disease causing
with incomplete penetrance. More recent reports docu-
mented 7q11.23 duplication syndrome as a genetic disorder
associated with speech/language delay, characteristic fea-
tures, hypotonia and developmental delay [33, 34]. Our re-
sults confirmed that duplication of 7q WBS critical region

Fig. 3 Array-CGH for chromosome 22 showing segmental duplication in the long arm of chromosome 22 (22q11.21) in case (bl-680-11)
(inherited), the same duplication was found in both patient and her mother
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is disease causing and patients are mainly presented
with dysmorphic features, speech delay, intellectual
disability, and congenital heart defects.
We observed dup7q11.23 in the mother of case (bl-

320), the presence of duplication on chromosome
7q11.23 in the mother of a case with chr 7q11.23
deletion was previously observed by Torniero [31]. They
reported the presence of duplication (7q11.23) in parents
of probands with deletion or duplication in WBS critical
region. The parents did not have any speech or cognitive
impairment. Structural variants can increase the risk of
secondary rearrangements causing disease in the off-
spring, Other studies [26, 35] suggested that segmental

duplication (Dup 7q11.23) or inversion in the WBS
critical region (WBS inv-1 variant) confer an increased
risk factor for WBS deletion mediated by misalignment
and non-allelic homologous recombination [26].
The impact of the deleted genes on the phenotype can

be explained from other studies of gene functions. The
most common deletion size (1.40 Mb-1.55 Mb) involved
approximately 25–28 genes. The mostly described
morbid genes were ELN, LIMK1. Elastin (ELN) gene
(MIM 130160) was described to have a role in arterial
development; it was shown that interruption of ELN
expression leads to profound arterial thickening and in-
creased risk of obstructive vascular disease [36], furthermore,

Table 1 Summary of CNVs detected by array-CGH among Patients with Williams Syndrome

Sample Relation Del/ Dup cytoband Start-stop (bp) Del/dup size (bp)

BL-680-11 WBS Del 7q11.23 72359696–73780263 1,420,568 De Novo

Dup 22q11.21
Del 10q11.21–q11.22
Del 15q11.2

17031614–19362298
45489823–46532996
18741716–20060120

2,330,685 dup
1,043,174 del
1,318,405

Maternal
–
Maternal

Bl–744–10 Mo. Of 680 Dup 22q11.21
Dup 15q11.2

17274835–19327233
18741716–20042737

2,052,398
1,301,022

–

BL-320–12 WBS Del 7q11.23
Dup 7q11.23
Dup 16p11.2
Dup 22q13.1

72367665–73777326
75025883–75856615
27875036–30927847
35944612–37522778

1,409,662
830,733,
3,052,812
1,578,167

De novo
Mat
Mat.
Mat.

Bl-1771–10 Mo of 320-12 Dup 7q11.23
Dup 16p11.2
Dup 22q12.3–q13.1

72635638–75982676
28110613–31427854
34759898–38422701

Dup 3.34 Mb
3,317,242
3,662,804

BL-1810–10 CHD Del 9p13.1–p11.2
Dup10q11.22
Del15q11.2

38758232–45359386
46388078–47970570
18818949–20308073

6,601,155
1,582,493
1,489,125

De novo

BL-1787–10 WBS Del 7q11.23
Dup 10q11.22
Del 14q32.33
Del 15q11.2

72359696–73780263
46388078–47165895
105403001–15594248
18818949–19806019

1,420,568
777,818
191,248
987,071

De novo

Bl-272-14 WBS Del 7q11.23 72382983–73780263 1,397 De novo

Dup 16p13.3
Dup 11p15.4
Del 22q11.23

1961653–3066630
200300–2917590
22677959–22725353

1,105 Mb
2,717 Mb
47 Kb

–

BL-1071-11 WBS Del 7q11.23
Dup 7q11.23
Dup 15q11.2

72338350–73780263
76271711–76421898
19537035–20366729

1,442 Mb
150 Kb
830 Kb

De Novo
–
Mat.

BL-402–15 WBS Del 7q11.23
Dup 22q11.22

72730855–74339044
23056562–23245888

1.608 Mb
189 Kb

De Novo

Bl-1072-11 Mo. of 1071-11 Del 7q34
Dup 15q11.2

141413352–141438563
19465359–20418384

25 Kb
953 Kb

–

Bl–858-14 WBS
Lt. Pulm. St

Del 7q11.23
Dup22q11.22

72721408–74139390
23056562–23245888

1,418
189 Kb

De Novo

BL-718-10 CHD Dup 7q11.23 72635638–75885557 3,25 Mb –

Bl-889-12 Dysmorphic
Pulm .St

Dup7q11.22–q11.23 71073911–75851988 4,778 Mb –

Del 7q34
Del 15q11.2

141396899–141438563
18741716–20335946

41,665 Kb
1,594 Mb

–

BL-289-13 Pulm. St Dup 7q11.22–q11.23 70573442–75877956 5,304,515 –
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ELN gene mutation is causative for isolated supravalvu-
lar aortic stenosis (SVAS), and can cause autosomal
dominant SVAS [37, 38]. LIMK1 gene is expressed in
the central nervous system during embryogenesis,
including the inner nuclear layer of the retina, the
cortex, the developing spinal cord, and dorsal root
ganglia; it was identified as a strong candidate for the
neurologic features of WBS [39].
Other commonly deleted genes are the WBSCR22

gene; its protein is predicted to have methyltransfer-
ase activity. Hemizygous deletion of this gene might
contribute to the growth retardation, the myopathy or
the premature aging effects in the pathogenesis of
WBS [40]. The CLDN3 and CLDN4 belong to the
CLAUDINS family; they are components of epithelial
cell tight junctions and may play a role in internal
organ development and function during pre- and
postnatal life.
Variability in the deletion size may affect different

number of genes, larger deletion was observed in two
patients patient bl-402 has a deletion (1.63 Mb) involv-
ing (31) genes, the extra genes are (NCF1, GTF2IRD2,
STAG3L2, PMS2P5) genes. The NCF1 gene, a NAD(P)H

oxidase subunit, was shown to be involved in the
generation of oxidative stress and can modify vascular
stiffness observed in WBS patients [41]. Further studies
on mouse model have linked haplo-insufficiency including
elastin gene to increased vascular stiffness and hypertension
[42]. It was observed that extension of the WBS deletion
size to involve NCF1 gene was associated with protec-
tion from vascular stiffness and hypertension in WBS
patients [41, 43]. This observation is useful for manage-
ment of WBS patients by using anti- hypertensive and
agents inhibiting oxidative stress for the protection
from these illnesses [43]. Dutra et al. [28] indicated that
SVAS as well as ocular and urinary abnormalities were
more common in patients with a large deletion. Several
studies reported no relationship between the size of the
deletion and clinical features [28, 44, 45], and no differ-
ence in the frequency of maternal or paternal deletions,
or the effect of the origin of deletion on the phenotype
[28]. However, others suggested a parent of origin effect
on microcephaly and growth retardation [46, 47].
Deletions in all of our samples are de novo; therefore
no effect of parent of origin could be implicated in this
study.

Fig. 4 Map of chromosome 7q11.23 WBS critical region (http://www. Database of Genomic Variants) showing schematic representation of the
deletions in ten patients. Six samples show typical deletion (1.40 - 1.44 Mb). Sample bl- 664-10 and bl-402 show larger deletions (1.8 and 1.6 Mb),
samples bl-858 and bl-232 show different breakpoints but typical deletion size 1.42 and 1.44 Mb
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We observed that two patients who had no deletion by
FISH or array-CGH, showed deletion of sporadic regions
on chromosome 7q11.23 using qPCR. It was suggested
that partial microdeletion can lead to false negative
result by FISH probes. [27, 28, 48]. These patients do
not have typical features of WBS and could be caused by
deletion/or mutations in other genes which require
further analysis.
Two patients (bl-680-11) and (bl-320) had duplication

in chromosome 22q11.2 that was inherited from mater-
nal side, the two mothers were apparently normal. Previ-
ous reports confirmed that micro duplication of 22q11.2
is frequently inherited and the majority of parents with
22q11.2 duplication showed no or minor abnormalities
[49, 50]. It was observed that chromosome 22q11.2
contains multiple region-specific low copy repeats (LCR)
which mediate genomic rearrangement during meiosis
resulting into variable phenotypes [49], however, the
size of the inherited duplication might be slightly
different (e.g. case 680 and her mother). This could
be a technical limitation in the array-CGH scanning,
(the CNV calling algorithm is calling the ends of the
duplication differently between the two samples due

to probe density or type of probe used and the actual
breakpoints are the same) [51].
Previous studies indicated the difficulty in clinical

diagnosis of some patients presenting with overlapping
features with other syndromes and not having typical
heart defects characteristic of WBS and highlighted the
importance of microarray analysis in the clinical diagno-
sis of these complex genetic conditions [52]. Three pa-
tients in our study were found to have deletion in other
chromosomes: 1p36.13, 18p11.32p11.21, and 9p13.1-
p11.2. Congenital heart defects associated with DD,
mental retardation and other dysmorphic features were
reported in 1p36 deletion syndrome [53], and partial
monosomy18p [54], however, no cardiac defects were
reported in deletion 9p11.2-p13.1.

Conclusions
We can conclude that FISH and array-CGH are reliable
and efficient methods for diagnosis of WBS. However,
Array-CGH has the advantage of scanning the whole
genome for regions of duplication /or deletion in cases
with syndromic CHDs not clearly identified as WBS,
allowing for the early management and better prognosis

Fig. 5 Chromosome 7 profile of the 2X400 array-CGH (Agilent) showing segmental duplication of chr 7q11.23 found in patient (bl-718-10), the
genes included in the region (from 72635638 to 75885557) (3.249 Mb) are shown in the duplicated region
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Table 2 Summary of the clinical data, results of FISH‚ array-CGH and qPCR analysis in patients with WBS

Age/ Sex Dysmorphic features CHD MR Dental
Anomalies

Hyper calcemia FISH Array-CGH del. size

680-11 8 yr/ F + SVAOS + + No Del 7 (q11.23) Del 7q
1.42 Mb

Bl-744-10 35 yr/F Mother of case No. 680-11 – – – – – Dup 22q11.21

664-10 6 yr/M + features of WBS SVAOS + + Del 7 (q11.23) Del 7q (qPCR)
1.8 Mb

1190-10 9 yr/F SVAOS,
Medullary nephrocalcinosis

SVAOS, AoCo, mild
valvular Pul. st

+ + No, high phosph Del ch.7 (q11.23) Del 7q (qPCR)
1.40 Mb

1071-11 18 yr/F Characteristic features of WBS SVAOS + + yes Del 7q
(q11.23)

Del 7q
1.44 Mb

320-12 3 yr/F Dysmorphic
Mild LPA stenosis

SVAOS + + No Del 7q
(q11.23)

Del 7q
1.41 Mb

1771-10 29 yr/ F Mother of case No. 320-12 – – – – No del Dup 7q11.23
3.347 Mb

1787-10 4 yr/F +
Inguinal hernia

Congenital Pul. valve stenosis + + No.
High phosph

Del 7q
(q11.23)

Del 7q
1.42 Mb

272-14 2 yr/M +
Inguinal hernia, short stature

Pul. St, ASD, VSD + + Del 7q
(q11.23)

Del 7q
1.39 Mb

858-14 5y/ F + features of WBS Pulm. St, PFO + + + Del 7q11.23 Del 7q 1.42 Mb

663-10 14 yr/F Dysmorphic, speech delay, MR Aortic stenosis + – – 45,XX, der (19)
t(18:19), (q11.1;p13.3

Del 18p11.32–p11.21
(14.859 Mb)

1140-11 7 yr/F Squint, bulbous nose, flat nasal bridge,
wide mouth, periorbital fullness, MR

VSD + + No Not done Del 7q
0.2 Mb by qPCR

718-10 2 yr/F dil. Cardiomyopath seizure, failure to
thrive, left vocal cord paralysis

Trivial mitral regurge, trivial
pulmonary. insufficiency

+ – Cong. Hypo- calcemia No del Dup 7q11.23
(3.249 Mb)

889-12 1.1 yr/ F dysmorphic Supra valvular Ao. St.,
Lt pulmon.st

− − No del Dup 7q11.23

289-13 1.5 yr F DD, microcephaly, low set ears,
epilepsy, semian crease

Pulm. St. − – − No del 7q Dup7q11.22–q11.23
−

Abbreviations: Del deletion, Chr chromosome, der derivative, q long arm, p short arm, F female, M male, yr year, ND not done, Pul. St. pulmonary stenosis, SVAOS supra valvular Aortic stenosis
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Fig. 6 Graphic illustration of chromosome 7q11.23 showing the deleted regions of Williams-Beuren syndrome (with magnification of the region
from nucleotides 71449–73.925) is showing the twelve microsatellite markers as grey bars that were assessed by qPCR. The vertical bars at the
right side of the figure indicate the deleted regions of different sizes in our patients (adapted from Schubert and Laccone, 2006) [16]
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of affected cases. Furthermore, both array-CGH and
qPCR are useful for detection of the break points on
the chromosome and can identify the genes that are
interrupted on the deleted region and their impact on
the disease phenotype.

Abbreviations
Array-CGH, array-comparative genomic hybridization; CHDs, congenital heart
defects; WBS, Williams –Beuren syndrome; WS, Williams’ syndrome; FISH,
Fluorescent in-Situ Hybridization; qPCR, quantitative real-time polymerase
chain reaction; LCR, low copy repeat; CEGMR, Center of Excellence in
Genomic Medicine Research; KAU, King AbdulAziz University; KAUH, King
Abdulaziz University Hospital; DGMU, Diagnostic Genomic Medicine Unit;
DGVs, Database of Genomic Variants; DECIPHER, Database of Chromosomal
Imbalance and Phenotype in Humans using Ensemble Resources; PCR,
polymerase chain reaction; RCN, relative copy number; CNVs, copy number
variants; SA, Saudi Arabia; SVAS, supravalvular aortic stenosis
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