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We have characterized a de novo complex rearrangement of the

long arm of chromosome 7 in a female patient with moderate

mental retardation (MR), anxiety disorder, and autistic features.

G-banding suggested a de novo paracentric inversion 46,XX,inv-

(7)(q31.3q34). However, SNP-array analysis, showed a �10 Mb,

7q21.11–q21.3 deletion in the paternal chromosome. Subse-

quent FISH analysis with BAC/PAC clones in the 7q21–q35

region confirmed this deletion. However, the expected para-

centric inversion turned out to be an intra-chromosomal inser-

tion of the 7q31.31–q35 fragment into band 7q21.3, disrupting

the predicted gene C7orf58 in band 7q31.31. Seven other patients

have been previously reported with a deletion of 7q21.1–q21.3.

Although there is an overlap in phenotype between our patient

and these patients, none of them has been described with anxiety

disorder and/or autistic features. Therefore we suggest that

disruption of the C7orf58 gene might contribute to the anxiety

disorder, and autistic features in our patient. � 2010 Wiley-Liss, Inc.
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INTRODUCTION

Interstitial deletions in different parts of the proximal long arm of

chromosome 7 are frequently reported and have been associated

with various clinical manifestations. Deletions in band 7q11.23

have been found in patients with Williams–Beuren syndrome

(WBS [OMIM 194050]) deleting a contiguous set of genes resulting

in a characteristic phenotype. A subset of these patients, with a

severe form of WBS, including infantile spasms, carry larger

deletions at 7q11.23–q21.11. These deletions hemizygously disrupt

the MAGI2 gene [Marshall et al., 2008]. In the neighboring chro-

mosomal region, 7q21.2-q22.1, deletions have been found in

patients with split hand/split foot malformation (SHFM1

[OMIM 183600]) with or without sensorineural hearing loss

(SHFM1D [OMIM 220600]).

In addition, a third group of patients with deletions partly

overlapping with the deletions found in WBS and SHFM1 patients

has been presented in the literature. To date seven patients with

similar clinical features with deletions in 7q21.1–21.3 have been

reported [Ostrer et al., 1984; Fryns et al., 1987; Nunes et al., 1994;

Haberlandt et al., 2001; DeBerardinis et al., 2003; Courtens et al.,

2005; Manguoglu et al., 2005]. The features include mental retar-

dation, pre- and postnatal growth deficiency, early infancy feeding

problems, hypotonia, mild facial dysmorphism, hernia, high cleft

palate, abnormal EEG, and/or seizures, microcephaly and hearing

loss. Two of the patients also presented with split hand/split foot

malformation and another patient [DeBerardinis et al., 2003] has

been reported with myoclonic dystonia (DYT11 [OMIM 159900]),

carrying a deletion of 9–15 Mb, deleting the e-sarcoglycan gene

(SGCE). In addition Asmus et al. [2007] reported on two DYT11

patients with deletions of 1.63 and 4.99 Mb including the SGCE

gene.

In this study we report on a girl with a de novo interstitial

deletion at 7q21.1–q21.3 together with an intra-chromosomal

insertion, detected with single nucleotide polymorphism (SNP)

array and fluorescence in situ hybridization (FISH) analysis. The
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genotype and phenotype of this patient are compared with previ-

ously reported patients with a comparable 7q21.1–q21.3 deletion.

CLINICAL REPORT

The index patient is a now 14 years old girl. She is the second child of

a 33-year-old healthy mother and the first child of a 32-year-old

healthy father. Her 7-year older half sister was healthy. The preg-

nancy was complicated by vaginal bleeding from week 7 till 34 and

amnion leakage at 32 weeks of gestation. Breech delivery found

place at 42 weeks of gestation. Although the amniotic fluid was

meconium stained the APGAR score was 10 after 1 min and there

were no signs of asphyxia. Her birth weight was 3,040 g. Feeding

problems occurred during the first weeks of life for which she was

hospitalized for 1 week.

She was referred to our department for dysmorphic features at

the age of 11 weeks. At that time her development was adequate.

Neurologic examination was normal. She made good contact and

had no head lag. She was treated by splints for hip dysplasia. Her

length was 60 cm (mean) and skull circumference was 37 cm

(�2 SD). Her weight was on the �1.5 SD and she had a tented

mouth, high palate, a simple formed left lop ear and dysplastic right

ear (Fig. 1A,B). The thumbs were proximally implanted (Fig. 1C),

she had bilateral single palmar creases and a sacral dimple. She also

had small palpebral fissures, scoliosis and long halluxes (Fig. 1D).

On follow-up at 10.5 years of age her length and skull circum-

ference were on the �1 and �2.5 SD, respectively. The girl had

moderate mental retardation with autistic features; ritualized and

repetitive behavior, and periods of extreme stillness. She could not

be tested with the common autism behavior tests (Autism Diag-

nostic Interview-Revised (ADI-R), Childhood Autism Rating Scale

(CARS), Pre-Linguistic Autism Diagnostic Observation Schedule

(PL-ADOS)) due to her emotional state. She had delayed speech

and suffered from a severe anxiety disorder, more precisely de-

scribed as a disturbance in the anxiety regulation, with introverted,

still, fearfully and panicky behavior outdoors, and intense grief and

anger indoors. She had a coordination disorder with jerky move-

ments and hypotonia. Her mean IQ was 48. An EEG revealed an

abnormally slow background with frequent spikes and spike and

wave complexes especially in the occipital region without clinical

epileptic seizures.

MATERIALS AND METHODS

Cytogenetic Analysis
Conventional chromosome analysis was performed on phytohe-

magglutinin stimulated lymphocytes from peripheral blood cul-

tures using GTG-banding according to standard protocols.

FISH Analysis
One and two color fluorescence in situ hybridization (FISH)

analysis was performed on metaphase spreads of the patient ac-

cording to standard techniques [Dauwerse et al., 1992]. Bacterial

artificial clones (BAC) and P1 artificial clones (PAC) were selected

from the Human 1 Mb spaced and tile path clone set of the Ensembl

chromosome 7 map (http://www.ensembl.org). The BAC and PAC

clones were obtained from the Sanger Institute (http://www.

sanger.ac.uk) and the BACPAC Resource Center (http://bacpac.

chori.org/order.php). DNA was isolated from the clones using

Nucleobond AX100 columns (Machery and Nagel Gmbh, D€uren,

Germany), according to the manufacturer’s instructions.

SNP Array
The Affymetrix GeneChip Human Mapping 262K NspI array

(Affymetrix, Santa Clara, CA) was used as described previously

[Gijsbers et al., 2009].

RESULTS

Karyotyping
The results of conventional chromosome analysis on lymphocytes

of the patient suggested a de novo paracentric inversion in the long

FIG. 1. The patient at the age of 10 years. A: Frontal view. B: Lateral

view showing the tented mouth, low set ears, a simple formed lop

ear on the left site, dysplastic ear on the right site, and small

palpebral fissures. C: Patient’s hands with proximally implanted

thumbs. D: Patient’s feet showing the long halluxes.
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arm of chromosome 7; 46,XX,inv(7)(q31.3q34), while the parental

chromosomes were normal.

FISH Analysis of the Long Arm of the Derivative
Chromosome 7
We performed a detailed FISH analysis with BAC and PAC clones of

7q (Fig. 2). To map the exact breakpoints of the inversion in

chromosome 7q, BAC and PAC clones in chromosome bands

7q34–35 and 7q31 were selected for FISH analysis on metaphase

chromosomes of the patient (Fig. 2). FISH analysis with clones in

band 7q34–35, that is, RP11-282G13 (red) and RP5-819O4 (green),

showed the red and green signal in close proximity near the

telomere on the normal chromosome 7. On the derivative 7

(der(7)) the green signal was still close to the telomere, but the

red signal was repositioned to the middle of the q-arm, suggesting

that the breakpoint was situated between these two clones

in band 7q34–35 (Fig. 3(3.1A)). FISH analysis with clones in

band 7q31, that is, RP11-560I19 and RP5-866N18, resulted in

an unexpected hybridization pattern (Fig. 3(3.1B)) compared

to the results of conventional karyotyping. On the normal

chromosome 7, RP11-560I19 (green) was localized distally from

RP5-866N18 (red). Unexpectedly, on the der(7) RP5-866N18

was located closer to the telomere, while RP11-560I19 hybridized

closer to the centromere. This result implied that the aberrant

banding pattern on the der(7) did not originate from a paracentric

inversion because then the 7q31.3–q34 region in the der(7) should

have been inverted, changing the order of the clones within this

fragment. To test this hypothesis, two probe pairs, RP11-224A1 and

RP11-36B6, and RP11-358A10 and RP11-563O5, were hybridized.

An identical order of clones was observed on both the normal

chromosome 7 and the der(7) (Fig. 3(3.1C,D)) excluding a para-

centric inversion and suggesting a more complex rearrangement

at der(7).

Additional breakpoint mapping in the 7q31.31–q31.32 region

revealed one PAC clone, RP5-1047E14, that showed split signals on

the der(7) only, thus spanning the breakpoint in band 7q31 (Figs.

Fig. 3(3.2A) and Fig. 4(4.1)). This breakpoint disrupted the pre-

dicted gene C7orf58 that has a transcript of 5,271 bp, consists of

23 exons spanning a genomic region of 310 kb, and codes for a

protein of 1,026 aa. This protein is predicted to be a cytoplasmic

protein containing a signal peptide and one transmembrane

domain (http://www.ensembl.org).

In addition, more clones were tested in the 7q34–q35 region to

identify the breakpoint. The PAC clone RP4-545C24 encompassed

the breakpoint in band 7q35 (Figs. Fig. 3(3.2B) and Fig. 4(4.1)).

This PAC clone showed signals near the telomere and in the middle

of the long arm of the der(7). Another clone RP11-464H1 also

spanned the 7q35 breakpoint. The remaining signal of this clone at

the telomeric region of the der(7) was very weak indicating that the

breakpoint was in the region between the NOBOX and TPK1 genes

(not shown). From this we conclude that no gene seemed to be

disrupted by the 7q35 breakpoint.

We could conclude that the der(7) chromosome was not the

result of a paracentric inversion but of an intra-chromosomal

insertion of fragment 7q31.31–q35 into band 7q21.3 with a deletion

of 7q21.11–21.3 at the insertion site (Figs. 3 and Fig. 4(4.1)).

SNP-Array Analysis
The Affymetrix GeneChip Human Mapping 262K NspI SNP

array detected a �10 Mb deletion in the long arm of chromosome

7, from band 7q21.11 to band 7q21.3 (Fig. 4(4.2)). The breakpoint

FIG. 2. A schematic representation of the normal chromosome 7

indicating locations of the used BAC/PAC clones.
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in band 7q21.11 was located between the last present SNP

rs12540580 (85,813,502 bp) and the first deleted SNP rs7384064

(85,838,435 bp), and the breakpoint in band 7q21.3 was located

between the last deleted SNP rs17166393 (94,106,189 bp) and the

first present SNP rs6465422 (94,149,236 bp). The deleted region

contained approximately 49 genes.

Array analysis of the parents showed no abnormalities. The SNP

genotype data revealed that the deletion occurred in the paternal

chromosome 7 (data not shown). The deletion was confirmed by

FISH analysis with BAC clones (Fig. 2).

DISCUSSION

We present a patient with mental retardation and autistic

behavior complicated by a severe anxiety disorder and dysmorphic

features. Initial karyotyping suggested a de novo paracentric inver-

sion in the long arm of chromosome 7, with the breakpoints in q31.3

and q34. FISH analysis with BAC and PAC clones revealed however

a more complex rearrangement of 7q. Clones were detected span-

ning two breakpoints in bands 7q31.31 and 7q35. Additional SNP

array- and FISH analysis demonstrated a deletion of the region

7q21.11–7q21.3.

The proposed mechanism for formation of the der(7) chromosome

is an intra-chromosomal insertion of fragment 7q31.31–q35 into band

7q21.3, followed by a deletion of 7q21.11–q21.3 at the insertion site.

The der(7) is depicted in Figure 4 (Fig 4.1). The revised karyotype is

46,XX,der(7)del(7)(q21.11q21.3)ins(7)(q21.3q31.31q35).

To our knowledge this is the eighth case with a de novo interstitial

deletion of 7q21.1-q21.3 [Ostrer et al., 1984; Fryns et al., 1987;

Nunes et al., 1994; Haberlandt et al., 2001; DeBerardinis et al., 2003;

Courtens et al., 2005; Manguoglu et al., 2005]. Two smaller dele-

tions within this region, from 7q21.2 to 7q21.3, have been reported

in two patients with myoclonic dystonia (DYT11) [Asmus et al.,

2007]. In four of these previously reported cases (reviewed by

Courtens et al. [2005], DeBerardinis et al. [2003]) the origin of

inheritance of the deletion chromosome was investigated and was

paternal, as in our patient. Parental imprinting of genes on chro-

mosome 7 is often found. It has been associated with Silver-Russell

syndrome (SRS [OMIM180860]), 7p11.2, and maternal uniparen-

tal disomy for chromosome 7 (matUPD7). Courtens et al. [2005]

found resemblance between the clinical characteristics of patients

FIG. 3. >3.1: Two color FISH analysis on metaphase chromosomes of the patient. At the left side the normal chromosome 7 and at the right side the

der(7), with; (A) RP11-282G13 (red) and RP5-819O4 (green), in band 7q34–35, showing on the der(7) the green signal near the telomere and the

red signal is repositioned to a more proximal position, indicating that the breakpoint is located between these two clones, (B) RP5-866N18 (red) and

RP11-560I19 (green), in band 7q31, RP11-560I19, on the normal chromosome 7, is localized distally from RP5-866N18 on 7q. On the der(7),

however, RP11-560I19 hybridizes closer to the centromere and RP5-866N18 more towards the telomere, (C) RP11-224A1 (red) and RP11-36B6

(green) hybridizing on the normal chromosome 7 in band 7q32. The order of the clones is the same for the normal chromosome 7 and der(7), but on

the der(7) they are positioned more distally, (D) RP11-358A10 and RP11-563O5 hybridizing on the normal chromosome 7 in band 7q31. The order of

clones is the same for the normal chromosome 7 and the der(7), but on the der(7) they are positioned more proximally. 3.2: Two color FISH analysis

on metaphase chromosomes of the patient. A: RP5-1047E14 (red) and RP11-3L10 (green) with only RP5-1047E14 spanning the 7q31.31

breakpoint. Left, the normal chromosome 7, middle, the der(7) with signals for both clones, right the der(7) with only the red signal of RP5-1047E14

with clear splitting of the signal. B: RP11-464H1 (red) and RP4-545C24 (green) clones that both span the 7q35 breakpoint. Left, the normal

chromosome 7, middle, the der(7) with signals for both clones with clear splitting of the green signal, right, the der(7) with only the red signal for

RP11-464H1 showing very weak signals near the telomere. [Color figure can be viewed in the online issue, which is available at

www.interscience.wiley.com.]
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with a maternal monosomy for the 7q21.1–q21.3 region and

patients with Silver–Russell syndrome and matUPD7 suggesting

that imprinting of one or more genes in the 7q21.1–q21.3 region

contributes to these phenotypes.

The best documented case that was examined with molecular

techniques is the one described by Courtens et al. [2005]. The

authors report on a female with a de novo 16.77 Mb deletion of

7q21.1–q21.3 of paternal origin. We here describe a female patient,

with a de novo �10 Mb deletion of 7q21.1–q21.3, also of paternal

origin. Both patients have approximately the same distal deletion

breakpoint. The proximal breakpoint in our patient however is

�6.5 Mb more distal to the proximal breakpoint of the patient

described by Courtens et al. [2005]. Phenotypically these two

patients also have much in common. Overlapping clinical features

are mental retardation, hypotonia, abnormal EEG, microcephaly,

low set ears, small palpebral fissures, sacral dimple, and a high

FIG. 4. 4.1: A schematic representation of the chromosome 7 rearrangement. A partial karyogram and ideogram of both chromosomes 7 of the patient,

with the der(7) on the right. The red box depicts the deleted 7q21.11–q21.3 region. The yellow box depicts the 7q31.31–q35 fragment, which is

inserted in 7q21.3. The blue box delineates the 7q21.3–q31.31 region. The red bar depicts RP5-1047E14, spanning the 7q31.31 breakpoint and

therefore giving two signals on the der(7). The green bar depicts RP4-545C24 spanning the 7q35 breakpoint and therefore giving two signals on the

der(7). 4.2: Partial molecular karyotype of the imbalance on chromosome 7 in our patient detected with the GeneChip Human Mapping 262K NspI SNP

array. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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palate. Our patient, however, has had no pre- or postnatal growth

retardation, which is together with MR and microcephaly, one of

the three most important characteristics of the group of seven

reported patients with a 7q21.1–q21.3 deletion. Another striking

difference with our patient is that for none of these seven patients,

with a de novo 7q21.1–q21.3 deletion, autistic features and/or

anxiety disorder were reported. This suggests an involvement of a

gene or genes disrupted by the breakpoints of the intra-chromosomal

insertion, in bands 7q31.31 and 7q35, in the phenotype of our

patient. Only the breakpoint in band 7q31.31 disrupts a gene, the

C7orf58 gene. Disruption of the C7orf58 gene might contribute to

the anxiety disorder and the autistic features of our patient.

A number of genetic studies have provided evidence for a

susceptibility to autism locus (AUTS) on chromosome 7. Linkage

and association studies depict numerous loci at 7q31 (AUTS9)

[International Molecular Genetic Study of Autism Consortium,

1998; Folstein and Mankoski, 2000; Gutknecht, 2001; Bonora et al.,

2005] and at 7q35 (AUTS15) [Alarcon et al., 2008; Arking et al.,

2008; Bakkaloglu et al., 2008]. Although chromosome 7 rearrange-

ments in autistic patients involving band 7q31 and 7q35 are rare,

one autistic patient with a complex rearrangement t(7;13)-

(q31.3;q21.3), inv(11)(p15.3p15.5) has been reported [Gribble

et al., 2005] for which the 7q breakpoint falls in BAC clone RP11

-384A20. This clone maps around 700 kb distally to our patients’

7q31.31 breakpoint, indicating that in contrast to our patient, the

breakpoint does not disrupt the C7orf58 gene. Other autistic

individuals have been described with a t(7;13)(q31.2;q21), that

disrupts the ST7 gene (RAY1) [Vincent et al., 2000] and an inv(7)-

(p12.2q31.3) [Warburton et al., 2000] with the 7q breakpoint

between CFTR and D7S643, a marker inside C7orf58, both break-

points within 4 Mb of the position where C7orf58 is situated. Other

7q31 breakpoints and interstitial deletions involving this region are

described in patients with speech-language disorder (SPCH1

[OMIM 602081]) also called developmental verbal dyspraxia

(DVD). In these patients, absence of a paternally inherited FOXP2

gene plays an important role [Fisher et al., 1998; Zeesman et al.,

2006], but only some of them present with autistic features, and

none of them are reported with anxiety disorder. Therefore, not all

patients with a deletion of C7orf58 show autistic features or anxiety

disorder.

Another possible explanation for the anxiety disorder in our

patient is the deletion of the SGCE gene, which was reported to be

involved in DYT11, and although our patient did not present with a

typical DYT11 phenotype including dystonia, but jerky movements

have been observed. A small number of DYT11 patients, however,

have been reported with anxiety and/or panic attacks [Klein and

Ozelius, 2002; Saunders-Pullman et al., 2002]. Asmus et al. [2002],

for example, reported on five affected members of three families

that had a history of panic attacks, depression, and agoraphobia.

Therefore, we cannot exclude that the severe anxiety in our patient

is caused by the deletion of the SGCE gene.

With the introduction of high-resolution genome analysis

techniques, like SNP arrays, genotype-phenotype correlations

will further improve. Analysis of 7q21.1–q21.3 deletion patients

with these techniques will lead to a more precise mapping of

the deletion boundaries. The differences in presence or absence

of particular genes within the deletions in these patients and

their differences in phenotype could then be more accurately

correlated.

With further investigations into the role of the C7orf58 gene in

autism and anxiety disorder, the role of this gene in autistic features

and/or anxiety disorder phenotype of our patient might be more

clear cut.
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