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Characterization of a complex rearrangement
involving duplication and deletion of 9p in an
infant with craniofacial dysmorphism and cardiac
anomalies
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Abstract

Partial duplication and partial deletion of the short arm of chromosome 9 have each been reported in the literature
as clinically recognizable syndromes. We present clinical, cytogenetic, and molecular findings on a five-week-old
female infant with concomitant duplication and terminal deletion of the short arm of chromosome 9. To our
knowledge ten such cases have previously been reported. Conventional cytogenetic analysis identified additional
material on chromosome 9 at band p23. FISH analysis aided in determining the additional material consisted of an
inverted duplication with a terminal deletion of the short arm. Microarray analysis confirmed this interpretation and
further characterized the abnormality as a duplication of about 32.7 Mb, from 9p23 to 9p11.2, and a terminal
deletion of about 11.5 Mb, from 9p24.3 to 9p23. The infant displayed characteristic features of Duplication 9p
Syndrome (hypotonia, bulbous nose, single transverse palmar crease, cranial anomalies), as well as features
associated with Deletion 9p Syndrome (flat nasal bridge, long philtrum, cardiac anomalies) despite the deletion
being distal to the reported critical region for this syndrome. This case suggests that there are genes or regulatory
elements that lie outside of the reported critical region responsible for certain phenotypic features associated with
Deletion 9p Syndrome. It also underscores the importance of utilizing array technology to precisely define
abnormalities involving the short arm of 9p in order to further refine genotype/phenotype associations and to
identify additional cases of duplication/deletion.
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Background
Rearrangements involving the distal region of 9p, par-
ticularly p22-p24, have been well described in the litera-
ture and are associated with either Duplication 9p
Syndrome or Deletion 9p Syndrome (OMIM 158170)
[1–5]. Few cases, however, have been reported with con-
current duplication and terminal deletion of 9p [5–14].
Here we present another such case and compare our
clinical and cytogenetic findings with those in the
literature.
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Clinical report
The patient is the third child of a healthy 19-year-old
woman of African-American and Hispanic descent. She
was born preterm at 36 weeks gestation. At birth, she
weighed 2.7 kg; her head circumference was 33.5 cm
and length was 48 cm (all around the 10th percentile).
She was evaluated by pediatric cardiology at three days
of life because of a heart murmur. An echocardiogram,
at that time, revealed a small perimembraneous ven-
tricular septal defect, moderate patent ductus arteriosus,
and a moderate to large secundum atrial septal defect.
She initially had hypothermia and hypoglycemia, how-
ever, these conditions resolved quickly. She also exhib-
ited hypotonia and intermittent tongue thrusting.
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Figure 1 Identification and characterization of the 9p abnormality by conventional cytogenetics and FISH analysis. (A) G-banded
chromosomes 9 with der(9)(pter!p24.3::p11.2!p23::p23!qter). Ideogram showing the region that is duplicated, p11.2-p23 (blue bar), and
inverted (red bar). (B) FISH analysis using WCP 9 and (C) subtelomeric probes 305J7T7 for 9p (green) and LSI 9q34 for 9q (aqua). Arrow indicates
terminal deletion of 9p.
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Notable findings on physical examination at five weeks
of age included wide-open anterior fontanelle and sagit-
tal suture, prominent nose, flat nasal bridge, long
grooved philtrum, thin lips, extra skin at the back of the
neck, and a single transverse palmar crease on the left
hand. External genitalia were that of a normal female.

Results
Cytogenetics and fluorescence in situ hybridization (FISH)
Cytogenetic analysis identified additional material on
one of the homologs of chromosome 9 at band p23
(Figure 1A). FISH analysis using whole chromosome 9
painting probe, WCP 9, revealed the extra material was
comprised entirely of material from chromosome 9
(Figure 1B). Additionally, FISH identified a terminal de-
letion of 9p using the 9p subtelomeric probe, 305J7T7
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Figure 2 Characterization of the breakpoints involved in the duplicat
Human SNP Array 6.0. The plot shows chromosome 9 log2 test over refe
position from pter to the centromere (X-axis). A significant terminal loss of
duplication of approximately 32.7 Mb, from 9p23 to 9p11.2, were identified
(Figure 1C). Based on both conventional cytogenetics
and FISH analysis, the derivative chromosome 9 was
determined to have an inverted duplication of the region
between bands p11.2 and p23 as well as a concurrent de-
letion of the terminal pter-p23 segment. We were unable
to determine whether this abnormality was inherited or
de novo as parental blood was unavailable.

Microarray analysis
Affymetrix Genome-Wide Human SNP Array 6.0 con-
firmed the apparent interstitial duplication and distal dele-
tion on the short arm of chromosome 9 (Figure 2). The
duplication was found to span approximately 32.7 Mb,
from 11,576,113 bp (9p23), to 44,244,868 (9p11.2). The
proximal deletion breakpoint occurred between genomic
probe positions 11,575,785 and 11,576,113 (9p23), with the
13.2 12 11.221.1

ion and deletion of 9p using the Affymetrix Genome-Wide
rence ratio and allelic difference (Y-axis) plotted against the Mb
approximately 11.5 Mb, from 9pter to 9p23, and an adjacent
.
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Figure 3 Comparison of deletion and duplication in the present case with the previously reported 2 Mb terminal deletion [10], the
proposed critical region in Deletion 9p Syndrome, and the region associated with Duplication 9p Syndrome. Clinical features associated
with each region are indicated. Features in the present case that correspond to the deleted or duplicated regions are shown in bold.
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deletion encompassing the region distal to the breakpoint,
indicating that genes including and distal to PTPRD are
deleted and those proximal to this break on the p arm are
duplicated. The final karyotype after molecular characteriza-
tion was: 46,XX,der(9)(pter!p24.3::p11.2!p23::p23!qter).
arrcgh9p24.3p23(37,746-11,575,785)x1,9p23p11.2(11,576,113
-44,244,868)x3.

Discussion
Partial duplication of 9p is one of the most commonly
detected autosomal structural abnormalities in live-
borns [15,16]. Despite variability in size of the duplicated
segment, patients with partial duplication of 9p display
considerable phenotypic similarity. Characteristic fea-
tures of this syndrome, which include microcephaly,
hypertelorism, upslanting palpebral fissures, broad nasal
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Figure 4 Comparison of all reported cases of deletion and duplication
boxes represent the 2 Mb terminally deleted region (green), the proposed
associated with Duplication 9p Syndrome (red). Group 1 includes cases wit
covering the 2 Mb terminal region, and Group 3 includes cases with deleti
Syndrome (Group 3).
root with bulbous nasal tip, downturned corners of the
mouth, anomalous ears, single palmar crease, skeletal
malformations, hypotonia, and developmental delay, are
thought to result from duplication of genes lying within
9p22 [15,16]. The current case has a duplication of ap-
proximately 32.7 Mb, from 9p23 to 9p11.2, and displays
some of the cardinal features of Duplication 9p Syn-
drome (Figure 3).
Deletion 9p syndrome is a well described clinical entity

with over 80 cases reported in the literature. Phenotypic
features include mental retardation, trigonocephaly, mid-
face hypoplasia, flat nasal bridge, long philtrum, micro-
stomia, micro/retrognathia, cardiac anomalies, and
genital anomalies in males. Work from several groups
has narrowed down the critical region to p22.2-p23,
a 3.5 Mb region between 11.4-14.9 Mb from the 9p
25 30 35 40 45 49
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of 9p for which microarray analysis was performed. Shaded
critical region for Deletion 9p Syndrome (blue), and the region
h deletions below 2 Mb, Group 2 comprises cases with deletions
ons encompassing the proposed critical region for Deletion 9p



Table 1 Clinical features in patients with 9p duplication and deletion

Authors Congenital anomalies

Mosca et al.a

(12 years)
synophyrs, upslanting palpebral fissures, short neck, mental retardation,
microcephaly, large ears, hypotonic face, low hairline, Polymicrogyria

Chen et al.
(22 wks gestation)

thin lips, narrow forehead with metopic ridging, long, thin eyebrows with mild
synophyrs, short neck, ventriculomegaly

Hulick et al.
(4 months)

thin upper lip, mild micrognathia, low-set ears, microstomia, hypertelorism,
bulbous nose, cleft palate, 5th digit bilateral clinodactyly, dystrophic nails,
absent uvula, deep-set eyes, large palpebral fissures, difficulty feeding, growth delay

Hauge et al.
(7 years)

thin upper lip, low-set, posteriorly rotated ears, hypotonia, mild hypertelorism,
developmental delay, microcephaly, long palms, 5thdigit bilateral clinobrachydactyly,
peg-shaped teeth, low-set eyebrows, smooth philtrum, mild hearing loss

Current case
(5 weeks)

thin lips, cardiac murmur/deficit, long, grooved philtrum, flat nasal bridge,
hypotonia, wide-open anterior fontanelle and sagittal suture, microcephaly,
bulbous nose, single palmar crease, extra skin at nape

Faas et al.
(2 years)

thin lips, long, prominent philtrum, cardiac murmur/deficit, metopic ridge, high,
narrow forehead with bitemporal narrowing, retrognathia, narrow, upslanting palpebral fissures,
anteverted nostrils, microstomia, short neck, widely space nipples, hypertelorism, narrow palate,
low-set ears, long fingers and toes, small nails, clinodactyly of 4th and 5th digits, blue sclerae

Swinkels et al.
(10 years)

thin upper lip, long philtrum, cardiac murmur/deficit, trigonocephaly,
micrognathia, midface hypoplasia, small palpebral fissures, epicanthic folds,
posteriorly rotated, low-set ears, flat nasal bridge, anteverted nostrils, short neck,
widely spaced nipples, omphalocele, developmental delay, hypertelorism,
highly arched, narrow palate, tapering fingers, scoliosis, flat feet

Patients are listed from smallest to largest terminal deletion.
Features corresponding to: 2 Mb deletion of 9pter are underlined; deletion 9p syndrome are in italics; trisomy 9p syndrome are in bold. Features uncommon to
any of these categories are in normal face.
a Patient also has microduplication of 22q11.2.
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telomere [4,9,17,18]. More recently, Swinkels et al. pro-
posed refining the critical region to approximately 300 kb
within band 9p22.3 [5].
The deletion in the present case lies distal to the critical

region proposed by these groups. Nonetheless, our patient
displays features associated with Deletion 9p Syndrome
such as long philtrum, flat nasal bridge, and heart mur-
murs/defects. Similar reports of patients with distal
terminal deletions exhibiting features of Deletion 9p Syn-
drome have also been reported [14,19]. Recently, Hauge
et al. identified a minimal 9p terminal deletion of 2 Mb,
distal to the previously described critical region, in 5
patients who manifested features common to Deletion 9p
Syndrome [10]. Figure 3 depicts the proposed critical re-
gion for Deletion 9p Syndrome, the 2 Mb minimally
deleted region [10], the deleted region in the present case,
and the clinical features associated with each. Our report,
in addition to similar reports [10,14,19], submits that dele-
tion of genes more distal to the previously described crit-
ical region contributes to features commonly associated
with Deletion 9p Syndrome (Figure 3) and that further re-
finement to the genotype/phenotype correlation for this
syndrome is needed.
One of the major features of Deletion 9p Syndrome,

trigonocephaly, was absent in the present case. Previous
reports have mapped trigonocephaly to a region in p22.3
between 14.7 and 15.1 Mb. Two genes that lie within
this region, FREM1 and CER1, have been implicated as
candidate genes [18,20]. FREM1 mutations exhibit vari-
able penetrance and expressivity, suggesting that other
factors, possibly mutations or deletions of additional
genes or regulatory elements, contribute to the pheno-
type. Features of trigonocephaly have also been reported
in patients with deletions that lie distal to FREM1
[4,10,19], further suggesting that other genes may be
involved.
In contrast to trigonocephaly, the patient in the

present study exhibited delayed closure of the anterior
fontanelle and sagittal suture. This feature is occasionally
seen in patients with Duplication 9p Syndrome. Interest-
ingly, the duplicated region in our case coincides with
the deleted region commonly associated with trigonoce-
phaly. It is possible that a dosage sensitive gene (or
genes), possibly FREM1 and/or CER1, is involved in the
development and/or closure of skeletal plates.
Of the genes that fall within the deleted region in our

patient (Additional file 1: Table S1), several are associated
with a particular phenotype. Deletion of FOXD4 is asso-
ciated with speech and language delays [10], and muta-
tions in a related forkhead box gene, FOXP2, cause
linguistic impairment and difficulties with motor coordin-
ation [21]. Haploinsufficiency of DMRT1, 2, and 3 may re-
sult in ambiguous external genitalia, particularly in
karyotypic males, as well as gonadal dysgenesis [7,22,23].



Di Bartolo et al. Molecular Cytogenetics 2012, 5:31 Page 5 of 6
http://www.molecularcytogenetics.org/content/5/1/31
Disruption of DOCK8 was identified in patients with men-
tal retardation and/or seizures [10,24]. Similarly, muta-
tions in VLDR1 are associated with cognitive impairment,
cerebellar ataxia, and seizures [25]. Our patient exhibited
intermittent tongue thrusting, however, whether it is asso-
ciated with mental retardation or epilepsy is difficult to as-
sess due to her age. Deletions within the paternal KANK1
gene have been identified in several children with cerebral
palsy [26]. The significance of the KANK1 deletion in our
patient is unknown as the parental origin of the 9p dele-
tion/duplication was not able to be determined.
To our knowledge, 10 cases with both a proximal dupli-

cation and a terminal deletion of 9p have previously been
reported. Comparison of the deleted and duplicated regions
in the current case and reported cases for which microarray
analysis had been performed [5,9–12,14] is given in Figure 4.
Deletions are placed into three groups: Group 1 (two cases)
with terminal deletions of less than 2 Mb, Group 2 (three
cases) with terminal deletions of 3.7-11.5 Mb, encompass-
ing the 2 Mb minimally deleted terminal region of 9p iden-
tified by Hauge et al. [10], and Group 3 (two cases) with
larger deletions of 14.8-17.3 Mb, which include the Dele-
tion 9p Syndrome critical region. The size of the duplica-
tion varied between cases with most encompassing the p22
region. Clinical features varied among cases (Table 1),
owing to the different sizes and locations of the deletion
and duplication; nevertheless, they could be divided into 3
categories: those associated with a 2 Mb terminal deletion
of 9p, those related to Deletion 9p Syndrome, and those
common to Duplication 9p Syndrome.
We report the eleventh case involving partial dupli-

cation of 9p with a concomitant cryptic terminal dele-
tion. Similar cases have likely been missed in the past
due to the sole use of conventional cytogenetics
which has undoubtedly confounded genotype/pheno-
type correlations, underscoring the importance of
using molecular techniques to identify these often
small, however, clinically significant terminal dele-
tions. The use of microarray technology is critical for
the proper identification and precise molecular
characterization of these abnormalities and will aid in
better defining critical regions, facilitating more ac-
curate genotype/phenotype correlations, and poten-
tially describing new clinical syndromes, such as 9p
Deletion/Duplication Syndrome.
Materials and methods
Cytogenetics and FISH
Peripheral blood from the patient was cultured for 72 hr
in the presence of phytohemagglutinin. Metaphase
spread preparations and GTG-banding were performed
according to standard methods. FISH analysis was per-
formed using WCP 9 and subtelomeric probes, 305J7T7
for 9p (green) and LSI 9q34 for 9q (aqua) (Vysis/Abbott
Molecular Inc., Des Plaines, IL).

Molecular karyotyping
SNP array was performed using the Affymetrix Genome-
Wide Human SNP Array 6.0, which contains 906,600 single
nucleotide polymorphism probes (SNPs) and over 946,000
probes for copy number (Affymetrix, Santa Clara, CA,
USA). Manufacturer-provided protocols for experimenta-
tion (http://media.affymetrix.com/support/downloads/man-
uals/) and analysis (Chromosome Analysis Suite (ChAS)
software package, version 1.2) were followed. Genomic
positions are given as mapped to the GRCh37/hg19 gen-
ome build.

Consent
Written informed consent for this cytogenetic study was
obtained from a parent of the patient. A copy of the
written consent is available for review by the Editor-in-
Chief of this journal.
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Competing interests
The authors declare they have no competing interests.

Author details
1Department of Pathology and Laboratory Medicine, Weill Cornell Medical
College/NewYork-Presbyterian Hospital, New York, NY, USA. 2Quest
Diagnostics Nichols Institute, San Juan Capistrano, CA, USA. 3Department of
Pediatrics, Weill Cornell Medical College, New York, NY, USA.

Authors’ contributions
DD analyzed conventional and molecular cytogenetic findings, collected
relevant data, and drafted the paper. ME, RO, and TS performed the
microarray studies and analysis. FG performed clinical examination of the
patient and provided insight into the manuscript. VP and SM supervised the
conventional and molecular cytogenetic analysis. SM provided insight into
the manuscript. All of the authors read and approved the final manuscript.

Received: 29 March 2012 Accepted: 9 July 2012
Published: 9 July 2012

References
1. Rethoré MO, Larget-Piet L, Abonyi D, Boeswillwad M, Berger R, Carpentier S,

Cruveiller J, Dutrillau B, Lafourcade J, Penneau M, Lejeune J: Cases of
trisomy for the short arm of chromosome 9. Individualization of a new
morbid entity. Ann Genet 1970, 13:217–232.

2. Alfi O, Donnell GN, Crandall BF, Derencsenyi A, Menon R: Deletion of the
short arm of chromosome no.9 (46,9p-): a new deletion syndrome. Ann
Genet 1973, 16:17–22.

3. Centerwall WR, Beatty-DeSana JW: The trisomy 9p syndrome. Pediatrics
1975, 56:748–755.

4. Huret JL, Leonard C, Forestier B, Rethore MO, Lejeune J: Eleven new cases
of del(9p) and features from 80 cases. J Med Genet 1988, 25:741–749.

5. Swinkels ME, Simons A, Smeets DF, Vissers LE, Veltman JA, Pfundt R, de Vries
BB, Faas BH, Schrander-Stumpel CT, McCann E, Sweeney E, May P, Draaisma
JM, Knoers NV, van Kessel AG, van Ravenswaaij-Arts CM: Clinical and
cytogenetic characterization of 13 Dutch patients with deletion 9p
syndrome: Delineation of the critical region for a consensus phenotype.
Am J Med Genet A 2008, 146A:1430–1438.

http://media.affymetrix.com/support/downloads/manuals/
http://media.affymetrix.com/support/downloads/manuals/
http://www.biomedcentral.com/content/supplementary/1755-8166-5-31-S1.rtf


Di Bartolo et al. Molecular Cytogenetics 2012, 5:31 Page 6 of 6
http://www.molecularcytogenetics.org/content/5/1/31
6. Teebi AS, Gibson L, McGrath J, Meyn MS, Breg WR, Yang-Feng TL: Molecular
and cytogenetic characterization of 9p- abnormalities. Am J Med Genet
1993, 46:288–292.

7. Muroya K, Okuyama T, Goishi K, Ogiso Y, Fukuda S, Kameyama J, Sato H,
Suzuki Y, Terasaki H, Gomyo H, Wakui K, Fukushima Y, Ogata T: Sex-
determining gene(s) on distal 9p: clinical and molecular studies in six
cases. J Clin Endocrinol Metab 2000, 85:3094–3100.

8. Krepischi-Santos AC, Vianna-Morgante AM: Disclosing the mechanisms of
origin of de novo short-arm duplications of chromosome 9. Am J Med
Genet A 2003, 117A:41–46.

9. Faas BH, de Leeuw N, Mieloo H, Bruinenberg J, de Vries BB: Further
refinement of the candidate region for monosomy 9p syndrome. Am J
Med Genet A 2007, 143A:2353–2356.

10. Hauge X, Raca G, Cooper S, May K, Spiro R, Adam M, Martin CL: Detailed
characterization of, and clinical correlations in, 10 patients with distal
deletions of chromosome 9p. Genet Med 2008, 10:599–611.

11. Mosca AL, Callier P, Faivre L, Marle N, Mejean N, Thauvin-Robinet C, Masurel-
Paulet A, Madinier N, Durand C, Couillaud G, Ragot S, Huet F, Teyssier JR,
Mugneret F: Polymicrogyria in a child with inv dup del(9p) and 22q11.2
microduplication. Am J Med Genet A 2009, 149A:475–481.

12. Hulick PJ, Noonan KM, Kulkarni S, Donovan DJ, Listewnik M, Ihm C, Stoler
JM, Weremowicz S: Cytogenetic and array-CGH characterization of a
complex de novo rearrangement involving duplication and deletion of
9p and clinical findings in a 4-month-old female. Cytogenet Genome Res
2009, 126:305–312.

13. Al Achkar W, Wafa A, Moassass F, Liehr T: Partial trisomy 9p22 to 9p24.2 in
combination with partial monosomy 9pter in a Syrian girl. Mol Cytogenet
2010, 3:18.

14. Chen CP, Su YN, Chern SR, Hsu CY, Tsai FJ, Wu PC, Lee CC, Chen YT, Lee MS,
Wang W: Inv dup del(9p): prenatal diagnosis and molecular cytogenetic
characterization by fluorescence in situ hybridization and array
comparative genomic hybridization. Taiwan J Obstet Gynecol 2011, 50:67–73.

15. Haddad BR, Lin AE, Wyandt H, Milunsky A: Molecular cytogenetic
characterisation of the first familial case of partial 9p duplication
(p22p24). J Med Genet 1996, 33:1045–1047.

16. Fujimoto A, Lin MS, Schwartz S: Direct duplication of 9p22!p24 in a child
with duplication 9p syndrome. Am J Med Genet 1998, 77:268–271.

17. Christ LA, Crowe CA, Micale MA, Conroy JM, Schwartz S: Chromosome
breakage hotspots and delineation of the critical region for the 9p-
deletion syndrome. Am J Hum Genet 1999, 65:1387–1395.

18. Kawara H, Yamamoto T, Harada N, Yoshiura K, Niikawa N, Nishimura A,
Mizuguchi T, Matsumoto N: Narrowing candidate region for monosomy
9p syndrome to a 4.7-Mb segment at 9p22.2–p23. Am J Med Genet A
2006, 140:373–377.

19. Barbaro M, Balsamo A, Anderlid BM, Myhre AG, Gennari M, Nicoletti A,
Pittalis MC, Oscarson M, Wedell A: Characterization of deletions at 9p
affecting the candidate regions for sex reversal and deletion 9p
syndrome by MLPA. Eur J Hum Genet 2009, 17:1439–1447.

20. Vissers LE, Cox TC, Maga AM, Short KM, Wiradjaja F, Janssen IM, Jehee F,
Bertola D, Liu J, Yagnik G, Sekiguchi K, Kiyozumi D, van Bokhoven H,
Marcelis C, Cunningham ML, Anderson PJ, Boyadjiev SA, Passos-Bueno MR,
Veltman JA, Smyth I, Buckley MF, Roscioli T: Heterozygous mutations of
FREM1 are associated with an increased risk of isolated metopic
craniosynostosis in humans and mice. PLoS Genet 2011, 7:e1002278.

21. Fisher SE, Vargha-Khadem F, Watkins KE, Monaco AP, Pembrey ME:
Localisation of a gene implicated in a severe speech and language
disorder. Nature Genet 1998, 18:168–170.

22. Shan Z, Zabel B, Trautmann U, Hillig U, Ottolenghi C, Wan Y, Haaf T: FISH
mapping of the sex-reversal region on human chromosome 9p in two
XY females and in primates. Eur J Hum Genet 2000, 8:167–173.

23. Livadas S, Mavrou A, Sofocleous C, van Vliet-Constantinidou C, Dracopoulou
M, Dacou-Voutetakis C: Gonadoblastoma in a patient with del(9)(p22) and
sex reversal: report of a case and review of the literature. Cancer Genet
Cytogenet 2003, 143:174–177.

24. Griggs BL, Ladd S, Saul RA, DuPont BR, Srivastava AK: Dedicator of
cytokinesis 8 is disrupted in two patients with mental retardation and
developmental disabilities. Genomics 2008, 91:195–202.

25. Boycott KM, Flavelle S, Bureau A, Glass HC, Fujiwara TM, Wirrell E, Davey K,
Chudley AE, Scott JN, McLeod DR, Parboosingh JS: Homozygous deletion
of the very low density lipoprotein receptor gene causes autosomal
recessive cerebellar hypoplasia with cerebral gyral simplification. Am J
Hum Genet 2005, 77:477–483.

26. Lerer I, Sagi M, Meiner V, Cohen T, Zlotogora J, Abeliovich D: Deletion of
the ANKRD15 gene at 9p24.3 causes parent-of-origin-dependent
inheritance of familial cerebral palsy. Hum Mol Genet 2005, 14:3911–3920.

doi:10.1186/1755-8166-5-31
Cite this article as: Di Bartolo et al.: Characterization of a complex
rearrangement involving duplication and deletion of 9p in an infant
with craniofacial dysmorphism and cardiac anomalies. Molecular
Cytogenetics 2012 5:31.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Clinical report

	Results
	Cytogenetics and fluorescence in situ hybridization (FISH)
	Microarray analysis

	link_Fig1
	link_Fig2
	Discussion
	link_Fig3
	link_Fig4
	link_Tab1
	Materials and methods
	Cytogenetics and FISH
	Molecular karyotyping

	Consent
	Additional file
	Competing interests
	Author details
	Authors&rsquo; contributions
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


