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Williams-Beuren syndrome: Determination of
deletion size using quantitative real-time PCR
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Abstract. Williams-Beuren syndrome (WBS) is a rare genetic
disorder (1/20000-50000) and is usually caused by a 1.5- to
1.8-Mb heterozygous deletion on chromosome 7q11.23. At
least 25 genes have been identified in the deletion region in
WBS patients, which is flanked by large low-copy-repeat
sequences (>320 kb). By using FISH as well as microsatellite
analysis, it is not possible to get a precise identification of the
size of the deletion. For determining the deletion size, we
developed a reliable quantitative PCR approach. Our assay
screens 2.5 Mb of the WBS region in 100- to 300-kb intervals.
This methodology has been tested in DNA samples of 65
patients with the clinical suspicion of WBS. In every case we
were able to exclude or to identify the presence of a deletion
and to determine its size. Deletion size varied from 0.2 Mb to
2.5 Mb. The 2.5-Mb rearrangement represents the largest
deletion described at present and it was detected in a severely
affected patient. We report the detection efficiency of this
new system and the genotype/phenotype correlation.

Introduction

Williams-Beuren syndrome (WBS) is a rare genetic disorder
(1/20,000-50,000) caused by a heterozygous deletion on
chromosome 7q11.23. WBS patients display vascular stenosis,
weakness of connective tissue, specific facial characteristics,
short stature and mental retardation. Usually, WBS occurs
sporadically, but a few cases of autosomal-dominant inheritance
have been reported (1,2). More than 25 genes have been
identified in the deletion region of WBS flanked by three
large low-copy-repeat sequences (LCR) (>320 kb), arranged
to LCR blocks A, B and C (3). These LCRs share high
similarity of nucleotide sequence with a liability to mispairing
and unequal crossover leading to deletions (4,5). One-third of
the deletions occur because of intrachromosomal rearrange-
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ments (6). Common deletions in WBS patients span a genomic
region of 1.5 Mb with breakpoints within the centromeric and
medial LCR block B (7-9). Atypical deletions with smaller
and larger deletion sizes have also been reported (10,11).
Bayes et al reported that ~5% of typical WBS patients have a
deletion of 1.84 Mb caused by recombination between LCR
block A copies (9). Furthermore there were reports on patients
displaying a deletion <1 Mb, spanning from ELN to D7S1870
excluding the genes STX/A and FZD9 (12). The full spectrum
of WBS disease was also found in a patient with a deletion of
950 kb with centromeric and telomeric breakpoints between
ELN and STXIA and distal to D7S489A, respectively (13).
Karmiloff-Smith ef al described two patients with an atypical
spectrum of WBS disease: one patient with a deletion size of
~850 kb within the common WBS deletion was affected only
by supravalvular aortic stenosis. The second one with a typical
deletion size of 1.8 Mb showed a very high verbal score (close
to the normal population), but only poor outcome in non-verbal
reasoning and spatial scores (11). A paracentric inversion
(1.5 Mb) on chromosome 7 has been reported in patients with
a subset of WBS symptoms. In some of these patients the
inversion was inherited by one of the healthy parents. This
inversion was also observed in four out of twelve parents
transmitting the disease-related chromosome to their child
with classical WBS deletion (2). Recently, a case report
described a patient with a duplication of the WBS region,
who had a severe expressive-language delay and attention
deficit hyperactivity syndrome (ADHS) (14).

These data strongly indicate a phenotypic variability
depending on the size of deletion in the WBS region. The
FISH- and/or microsatellite analyses, as the most widespread
analysis strategies for deletion detection in WBS patients
allow, however, only an approximate estimation of the deletion
size and therefore of the affected genes. For a more precise
determination of the deleted genes and identification of the
deletion size in WBS patients, we developed a quantitative
PCR approach (qPCR) that scans 2.5 Mb of the WBS deletion
region with a resolution of 100-300 kb.

Patients and methods

Patients. DNA samples of 65 patients referred to the Institute
of Human Genetics, University of Goettingen, Germany,
with a strong clinical indication of having Williams-Beuren
syndrome, were selected for analysis by quantitative PCR.
Within the framework of routine-diagnostic 54 out of 65
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Table I. List of generated PCR primer pairs located within the WBS deletion region on chromosome 7.

Amplicon  Primer Sequences, forward Genome Sequences, reverse Genome  Product
name position position length

(bp)
1 WBS161  TTCATCCCCACTCTGCCCACTGC 7:71448573 GCAACAGCCACACACTCTGTCTGCC  7:71448805 233
2 WBS522  TTGCTTCCTCTCCCAGCCTTTCACC 7:71810506 ACAGAAGGAGGGGCCAGGGAAGAG  7:71810689 184
3 WBS618  CTGTCAAAAGGCTTCTGTGCTGGGG  7:71905607 CAGAAGGAAGGTGGAGGGCAGGAAC 7:71905853 247
4 WBS884  CTCCCACCCCTTCCCGCCAC 7:72172733 TGGGCGAGGTCCGTTTTGGC 7:72172913 181
5 WBS967  ACCGGCCCTTCCCAGACCTGAC 7:72255197 TGTCCCTCTGTGCCCTCCCTGC 7:72255448 252
6 WBS1016 CAACGGAAGGTGAAGGGAGGAGCA  7:72303142 GCAGGACGGGGCAGGACAGAAG 7:72303385 244
7 WBS1393  GCAATGGCTGATGGGACAAGTGAGG 7:72680575 CCCCAGCATCAGTCTCCATCCCC 7:72680813 239
8 WBS1610 CGGGAAATACTGGCGGATAAGGAGC 7:72897561 CCAGATGGACTTTTAGCGCAGGGG 7:72897815 255
9 WBS1826 CACAGACGGCCTCCACCTCCATTC 7:73113343 GGCGCCAGGTCTCCCATAGCAAC 7:73113554 212
10 WBS2292  AAGTGGCTAATTTGACACCGACGCG  7:73581121 TTACGAAAACTGAGGCATGCGGTCC  7:73581324 204
11 WBS2447 GCAAGCAAGCAAGCCTGAG 7:73735062 TGCAGAATGGCTCCAGAGGT 7:73735278 217
12 WBS2637 TAGACCCGCCTTCCCCTCCTGG 7:73925297 TTGACGACTGGGCAGAGGCGC 7:73925481 185
13 WBSSOX9 GGAGGATGGACGAAGACTGGTGGG 17:67629800 CTCGGTTTCTCCCTTGCCCCATC 17:67629980 181

Stated are the primer sequences, the direction of primer, the position of the first base of primer on chromosome 7 (Assembly May 2004, http://genome.ucsc.edu-
database) and length of PCR product. Primer-pair WBS_SOX9 (no. 13) acts as reference probe.

patients had been previously screened on WBS by FISH
and/or microsatellite analysis. Concentration of DNA was
determined by measurement of optical density at 260 nm and
probes were diluted to a concentration of 50 ng/ul, stored at
4°C and mixed immediately before use.

Primers and probes. Sequences for primer design were taken
from the USCS database sequence of chromosome 7 from
position 71.449.000 to 73.925.000, masked by the Repeat
Masker program (http://genome.ucsc.edu/cgi-bin/hgGateway).
Non-repetitive sequence-fragments in 100-300 kb intervals
along the WBS deletion region (~2.5 Mb) were chosen for
designing PCR primer pairs using the software vector NTI®
(Invitrogen, La Jolla). Thirteen PCR primer pairs were selected
to generate amplicons as previously described (15). As refer-
ence amplicon a sequence region located within the SOX9
gene on chromosome 17 was used. Primers selected for the
generation of amplicons satisfying the requirements as well
as the amplicons themselves were then analyzed by BLAT
search. Only amplicons and corresponding primers that show
singularity were selected for the quantitative PCR. Primers
were obtained from Operon® (www.operon.com). Sequences
and PCR conditions of selected primers and amplicons are
shown in Table I.

Quantitative analysis and standard curves. The analysis
protocol was performed as described (16). The reaction mixture
contained 0.5 mM of each primer and 5 ul of 2xQuanti Tect
SYBR®-Green Master mix (Qiagen Inc., www.qiagen.com)
which includes HotStarTaq® DNA-polymerase in an optimized
buffer, ANTP mix (with dUTP additive), SYBR-Green I
fluorescent dye, and ROX dye as a passive reference. The
wells of a 384-well plate were loaded with control DNA of
an unaffected individual in a final concentration of 10.0 ng/ul,
5.0 ng/ul, 2.5 ng/ul and 1.25 ng/ul, respectively, a non-template
control (NTC) and DNA of patients in a final concentration

of 10 ng/ul in a total volume of 10 ul. Each patient was
tested at least twice. PCR conditions were 95°C for 15 min,
and 40 cycles at 94°C for 15 sec, and 60°C for 30 sec
followed by a 72°C elongation period for 1 min. To identify
unspecific amplification products, a melting curve analysis
of the product was performed after finishing amplification
by high-resolution data collection during an incremental
temperature increase from 60°C to 95°C with a ramp rate of
0.2°C/sec.

Separate standard curves of diluted control DNA (with
concentrations of 10.0 ng/ul, 5.0 ng/ul, 2.5 ng/ul and 1.25 ng/
1) were constructed for each tested primer pair. The fractional
cycle-number (Ct) of a probe, where the measured fluorescence
reaches a fixed threshold is directly related to the amount of
input DNA. 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, respectively. The
amount of the target DNA in test samples was quantified by
measuring its Ct value in comparison to the corresponding
logarithmic standard curve plot for linear interpolation of
control DNA and a relative starting copy number was calc-
ulated. The absolute starting copy number of the several test
loci is given by the ratio of relative starting copy number of
the test locus in the WBS region to the SOXO reference locus
(Fig. 1A and B). As an example, the absolute starting copy
numbers of the WBS test loci of a heterozygous deletion in
the WBS region ranging from the amplicons WBS884 to
WBS2292 (1.4 Mb) and from WBS618 to WBS2292 (1.6 Mb)
are shown in Fig. 2.

For assigning limits of the copy number range to identify
haploidy or diploidy, standard values were ascertained from
15 healthy controls by measuring the absolute starting copy
number with 10 ng DNA and with a simulating deletion, i.e.
5 ng of input DNA. Mean-values of 0.99 and 0.46 with a
standard deviation of 0.15 and 0.12 indicate a diploidy or
haploidy, respectively (Fig. 1C).
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Figure 1. A, exemplary depiction of amplification curves for analysis of the
WBS_967 locus. Dark lines, amplification of 10, 5, 2.5 and 1.25 ng of
standard DNA (from left to right); light line, amplification of 10 ng test
DNA. In comparing to the amplification of the SOX9 locus of the same test
DNA a deletion in the WBS_967 locus is apparent (amplification curves of
SOXO9 locus are not shown). B, exemplary depiction of a logarithmic
standard curve of WBS_1016 locus for calculating the starting copy number
from the Ct values of test DNA. o and x, amplifications of different standard
DNA amounts (1.25,2.5, 5 and 10 ng, from left to right) and of the itemised
test DNA, respectively. C, assigned limits of starting copy number values
for identifying diploid or haploid genotypes, amplicons with a starting copy
number >0.7 were identified as wild-type and <0.7 as a heterozygous
deletion.
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Table II. Summary of variable deletion sizes in patients with the strong clinical suspicion of WBS in relating to the

heterozygous deleted genes (for graphical details see Fig. 3).

Deletion in WBS region No. of deletion-positive patients

Deleted genes = size of the deletion

% of deletion-positive patients

(number of genes)

qPCR 884-2292 8 TRIMS50A to GTF2I = 1.4 Mb (20) 38%
gqPCR 618-2292 7 STA3LI to GTF2I = 1.7 Mb (22) 33%
qPCR 618-2447 3 STA3LI to GTF2IRD2 = 1.8 Mb (24) 14%
qPCR 884-2447 1 TRIMS50A to GTF2IRD2 = 1.6 Mb (22) 5%
qPCR 161-2637 1 SBDSP to GTF2IRD2B = 2.5 Mb (27) 5%
qPCR 1610-1826 1 ELN to CYLN2 = 0.2 Mb (5) 5%
no deletion 44/65

Ratio of Ct Value of the WBS test locus and
the SOX9 reference locus
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PCR-amplicons constructed in the WBS-deletion-region on chr. 7q11.23

Figure 2. Measurement of absolute starting copy number in two individuals. a, an individual with a heterozygous deletion inside the WBS region ranging
from amplicons WBS_884 to WBS_2292; o, an individual with a heterozygous deletion inside the WBS region ranging from amplicons WBS_618 to
WBS_2292. The absolute starting copy numbers are given as ratio of Ct value of the WBS test locus and the SOX9 reference locus

Results

Out of 65 patients, 21 (32%) were found to have a deletion
in the WBS region. Eight patients (38% of deletion-positive
patients) had a deletion of ~1.4 Mb in size. At least 20 genes
were mapped within this interval ranging from TRIM50A to
GTF?2I including the genes ELN and LIMK]I. Seven patients
(33% of deletion-positive patients) displayed a 1.7-Mb deletion,
spanning 22 genes from STA3LI to GTF2I. Three other patients
(14% of deletion-positive patients) have a 1.8-Mb deletion of
24 genes ranging from STA3LI to GTF2IRD2. A 1.6-Mb
deletion with 22 affected genes was shown by one patient
(5% of deletion-positive patients) ranging from TRIM50A to
GTF2IRD?2. Another patient presented a deletion of ~2.5 Mb
encompassing at least 27 genes from SPDSP to GTF2IRD2B.
A second patient had a small deletion of 200 kb around the
ELN gene affecting 5 genes: ELN, LIMKI, EIFH4H, RFC2 and
WBSCR5 (WBSCR: Williams-Beuren syndrome chromosomal
region).

Our collective has been previously investigated by an
independent method (FISH or microsatellite analysis),
which supported the results of our analysis. There were no
inconsistencies between the results of FISH/microsatellite

analyis and qPCR. We did not detect any duplication of WBS
regions (Table II and Fig. 3).

In our collective only raw clinical data from most patients
were available, such as heart defect, hoarse voice, hyper-
calcaemia, signs of dysmorphic facial, psychomotor or mental
retardation and abdominal malformations. Unfortunately,
detailed information about cognitive abilities (IQ values),
defects in visual-spatial-constructive cognition and behavioural
features were not available. The genotype-phenotype analysis
for patients with deletions between 1.4 and 1.8 Mb did not
give any correlation, probably due to the limited available
clinical data. One patient with a small deletion of 200 kb
affecting five genes around ELN displayed only aortic stenosis
clinically. A second patient with a deletion of ~2.5 Mb
demonstrated a severe phenotype of WBS. He displayed
psychomotor retardation with distinct disturbance of equi-
librium. He was able to walk, but had problems in climbing
and jumping. Furthermore, he did not develop any speech
and had strong mental retardation with autistic behaviour
in high gear; unfortunately no values of IQ testing were
available. In the first year of life he developed epilepsy, which
disappeared as he became older. Furthermore, he had a short
stature with the typical facial stigmata of WBS, supravalvular
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aortic stenosis and did not develop the typical behaviour of
WBS patients, such as friendliness to strangers, party chatter
or musical talent.

Discussion

In the present study, DNA samples of 65 patients with the
clinical symptoms of WBS were investigated for deletions in
the genomic region of WBS by using quantitative real-time
PCR (gPCR). This method allows not only the detection of a
deletion/duplication but also the determination of its size.

In earlier publications it was shown that qPCR is a reliable
technique for proving monosomies, trisomies, gene expression
quantification in different tissues as well as subtelomeric
deletions (17,18). The principle of this technique is based on
fluorescence measurement of DNA suspension. Thereby, the
quantification is obtained by ratio metric measurements of
the test locus. As standard, an interpolated curve of a reference
locus with known DNA concentration is used.

Along the WBS region 12 amplicons have been generated.
Individuals, in which the input DNA concentration of one
amplicon was reduced by 50%, had a heterozygous deletion
of the corresponding genomic region. By application of the
method described in this paper, the accuracy of the deletion
size could be resolved up to 100-300 kb. As reference-locus a
sequence region positioned inside the SOX9 gene was selected.
Deletions of the SOX9 gene result in severe Campomelic
syndrome or are incompatible with life (19). Compared to
conventional techniques such as FISH or microsatellite
investigations we were able to get a higher resolution of the
deletion size by using qPCR. Moreover, qPCR informative
STS markers and parental DNA are not necessary. qPCR
allows subsequently the analysis of sub-regions of micro-
deletions and the refinement of the deletion size. The method
enables a high throughput rate of test samples by similar or
even lower effort and cost compared to microsatellite or
FISH investigations.

Primer positioning. The deletion locus of the WBS region is
flanked by low-copy-repeat sequences (LCR) (>320kb), which
share high similarity of nucleotide sequence. This peculiarity
of the WBS region, which is likely an important factor in the
mutational mechanisms (20), makes a high demand on primer
positioning and amplicon-generating within the WBS region.
In our analysis, we positioned our amplicons by BLAT-search
within the nucleotide sequence of chromosome 7 from position
71.449.000 to 73.925.000, masked by the Repeat Masker
program (http://genome.ucsc.edu/cgi-bin/hgGateway). Due to
these repetitive sequence segments a positioning of primers
at constant intervals is not possible because of unspecific or
redundant amplifications.

In the present study, we have found that DNA probes older
than 5 years occasionally show false positive results. This
was mainly elicited by the presence of multiple discontinuous
deletions along the chromosomal region. Furthermore, the
detection of these single deletions was not reproducible in
following tests. In such cases, a new blood sample was required
and the analysis was repeated with new DNA samples. Re-
analysis with freshly prepared DNA has not yet detected any
deletions. It is highly recommendable in case of quantification
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of gene dosage to use highly qualitative and freshly extracted
DNA in order to avoid false positive results.

For a routine application of this qPCR approach in WBS
diagnostic, we recommend as a first step the analysis of
amplicons WBS161, WBS618, WBS1610, WBS2447 and
WBS2637 (Table I). The identification of a deletion can then
be followed by a refinement of the deletion size by using
additional amplicons.

Genotype-phenotype correlation. qPCR allows a more accurate
definition of the deletion size for genotype-phenotype correl-
ation studies. It is even possible to get more information
about the pathogenetic role of single affected genes.

To our knowledge, this is the fist description of a patient
with WBS having a deletion of 2.5 Mb. A conventional
chromosome analysis of the patient yielded a numerical and
structural normal karyotype with no apparent interstitial
deletion on chromosome 7. FISH analysis detected a hetero-
zygous deletion of the WBS region. The deletion size of
2.5 Mb in this patient encompasses the typical WBS region
and additionally all centromeric and medial LCR blocks A-C.
Usually, breakpoints of WBS deletions in most patients are
located within the centromeric and medial LCR block B (7-9).
The deletion in this patient, in comparing to the most frequent
deletion size of 1.5-1.8 Mb, comprises the additional genes
GTF2IRD2B and WBSCR 16, located between the LCR blocks
A-mid and B-tel and further pseudogenes and genes with
only partial open reading frame (ORF), located within the
LCR blocks A-cen and C-cen and A-mid (Fig. 3).

In the current analysis, this patient presents a hetero-
zygous deletion in all of our amplicons within the WBS
region. It is possible that the deletion size may be even more
than 2.5 Mb. In a further study we will extend the genomic
region of our quantitative PCR analysis for precise deletion
size ascertainment.

The second patient with an unusual size of deletion of
200 kb is affected only by a heart defect. This correlation has
been previously reported for other patients with small deletion
around the ELN gene (21).

In conclusion, qPCR analysis is a valid method for detecting
deletions of the WBS region and for a more precise definition
of the deletion size. Furthermore, this method allows the
processing of several patients within the same run. On the
basis of a more detailed clinical evaluation of the patients,
the reported qPCR method should allow a more accurate
genotype-phenotype correlation.
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