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We describe two patients with Pallister—Hall syndrome (PHS)
with genital abnormalities: a female with hydrometrocolpos
secondary to vaginal atresia and a male with micropenis, hypo-
plastic scrotum, and bilateral cryptorchidism. Nonsense muta-
tions in GLI3 were identified in both patients. Clinical and
molecular findings of 12 previously reported patients who had
GLI3 mutations and genital abnormalities were reviewed. Geni-
tal features in the male patients included hypospadias, micro-
penis, and bifid or hypoplastic scrotum, whereas all the females
had hydrometrocolpos and/or vaginal atresia. No hotspot for
GLI3 mutations has been found. The urogenital and anorectal
abnormalities associated with PHS might be related to dysregu-
lation of SHH signaling caused by GLI3 mutations rather than
hormonal aberrations. We recommend that clinical investiga-
tions of genital abnormalities are considered in patients with
PHS, even those without hypopituitarism. © 2010 Wiley-Liss, Inc.

Key words: Pallister-Hall syndrome; genital abnormality; hy-
drometrocolpos; micropenis; GLI3; sonic hedgehog signaling

~

INTRODUCTION \
Pallister—Hall syndrome (PHS) [OMIM#146510] is a rare autoso-

mal dominant disorder, characterized by hypothalamic hamarto--

ma, central or postaxial polydactyly, bifid epiglottis, and various
visceral anomalies [Hall et al., 1980]. The disorder is caused by
mutations in GLI3, a gene encoding a zinc finger transcription
factor that regulates downstream target genes in the sonic hedgehog
(SHH) signaling pathway [Kang et al., 1997]. PHS is caused by
nonsense, frameshift, and single splice mutations in the middle
third of GLI3, which includes exons 13,14, and part of 15 [Johnston
etal.,2005]. PHS is hypothesized to be caused by GLI3 transcription
factor repressor activity [Shin et al., 1999; Tsanev et al., 2009].

© 2010 Wiley-Liss, Inc.
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The male patients reported by Hall et al. [1980] had micropenis,
hypospadias, and cryptorchidism; however, the genital abnormali-
ties associated with this disorder have not been reviewed. Previous-
ly, only 12 patients with PHS and GLI3 mutations have been
reported to have genital abnormalities (Table I) [Topf et al,
1993; Verloes et al., 1995; Zucchini et al., 1998; Fujiwara et al.,
1999; Stroh et al., 1999; Stoll et al., 2001; Ng et al., 2004; Johnston
et al., 2005; McCann et al., 2006; Kos et al., 2008]. Here, we report
two patients with genital abnormalities and GLI3 mutations, there-
by providing further evidence of genital abnormalities as a feature of
PHS. :
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CLINICAL REPORTS

Patient 1, now a 3-year-old Japanese girl, was born as the second
child of healthy nonconsanguineous parents. At 31 weeks of
gestation, a large intra-abdominal cystic lesion and ascites were
detected by fetal ultrasonography. Fetal magnetic resonance imag-
ing (MRI) showed dilation of the uterus and vagina, which was
suspected to be hydrometrocolpos (Fig. 1a). At 32 weeks of gesta-
tion, she was delivered by cesarean for fetal distress. Her birth
weight was 2,380 g(+1.6 SD), birth length was 40 cm (—1.0 SD),
and OFC was 30.9 cm (+0.3 SD). She was treated with mechanical
ventilation and nitric oxide inhalation therapy for respiratory
insufficiency and persistent pulmonary hypertension due to sur-
factant deficiency. She was also treated with antibiotics for perito-
nitis. The clinical findings included a short and flat nose, a high-
arched palate, bilateral postaxial polydactyly, and hypoplastic nails.
She had normal major and minor labia but her vagina was blind-
ended (Fig. 1b). Cranial MRI showed a large hypothalamic ha-
martoma and normal pituitary glands. Radiographs of the hands
showed mesoaxial and postaxial polysyndactyly. No abnormalities
of the epiglottis, anus, kidney, or lung were found. Serum levels of
thyroid-stimulating hormone (TSH) were elevated at 13.84 uIU/ml
(normal 0.2-4.0uIU/ml). A thyrotropin-releasing hormone
(TRH) loading test showed an elevated peak TSH at 41.16 uIU/
ml, compatible with primary hypothyroidism, and L-thyroxine
therapy was started. Serum levels of growth hormone (GH),
adrenocorticotropic hormone (ACTH), cortisol, luteinizing hor-
mone (LH), follicle-stimulating hormone (FSH), prolactin (PRL),
and free thyroxine (f-T4) were normal. The biochemical test result
of fluid collected via a transabdominal vaginal catheter suggested
urine constitution. The enlarged uterus and vagina was diagnosed
as hydrometrocolpos communicating to the bladder, although
retrograde cystography did not show a fistula between the uterus
and the bladder. At3 months of age, she underwent vaginoplasty. At

age 1 year, her height was 63.5 cm (—3.0 SD). An arginine loading
test showed a low peak GH level at 2.4 ng/ml, compatible with GH
deficiency. GH replacement therapy was therefore started.
Patient 2 was a 10-year-old boy at the time of evaluation and of
Japanese descent. Part of his medical history was described previ-
ously [Shimizu et al., 2002]. He was born at 40 weeks of gestation as
the second child of healthy nonconsanguineous parents after an
uneventful pregnancy. His birth weight was 3,298 g (4-0.3 SD), birth
lenigth was 51 cm (+-0.3 SD), and OFCwas 35 cm (+0.8SD).Hehad
ambiguous genitalia, and showed severe hypoglycemia and hypo-
tension on the first day of life. He was suspected of having adrenal
insufficiency or pituitary dysfunction and accordingly received
corticosteroid therapy. He had no known PHS-associated
abnormalities of the_epiglottis, anus, or lung. Endocrinologic
examinations demonstrated panhypopituitarism: GH, <0.05 ng/
ml; ACTH, 7.0 pg/ml; cortisol, <1.0 ug/dl; PRL, <1.0 ng/ml; TSH,
0.07 plU/ml; £-T4, 0.51 ng/dl; LH, <0.5 mIU/ml; FSH, <0.5 mIU/
ml; and testosterone, <5.0 ng/dl. Replacement of GH, glucocorti-
coid, mineralocorticoid, and thyroid hormone was started. Cranial
MRI showed a hypothalamic hamartoma and absence of the
anterior pituitary gland. A radiograph of the left hand showed
Y-shaped third metacarpals. ‘ ‘
When seen by us at age 4 years, he showed downslanting
palpebral fissures, a flat nasal bridge, a high-arched palate, brachy-
dactyly, and hypoplastic nails. His genital findings included severe
micropenis, hypoplastic scrotum, and cryptorchidism (Fig. 1c). At
age 8 years, he underwent orchiopexy. At age 9 years, abdominal
ultrasonography showed a small left kidney and bilatéral hypoplas-
tic testes. Testosterone treatment for micropenis did not have a
sufficient effect on urination in the standing position. At age7 years,

-a human chorionic gonadotrophin (hCG) loading test showed no

testosterone response (<0.05ng/ml). At age 10 years, an LH-RH
loading test showed no LH or FSH response (LH <0.5 mIU/ml, FSH
<0.5 mIU/ml).
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MUTATION ANALYSIS

After informed consent had been obtained, leukocyte genomic
DNA was amplified by polymerase chain reaction (PCR) for the
15 exons and exon—intron boundaries of GLI3 (primers and con-
ditions are available on request). After purification, the PCR
samples were directly sequenced using the ABI BigDye terminator
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA). Re-
actions were run on an ABI 3100 semi-automated sequencing
analyzer (Applied Biosystems). The DNA sequences were analyzed
using FinchTV version 1.4.0 (Geospiza, Inc., Seattle, WA). This
study was conducted according to the Declaration of Helsinki and
was approved by the ethics committee of Shinshu University School
of Medicine. : ‘ ‘

Heterozygous nonsense mutations were identified in both pa-
tients: ¢.2169C>G in exon 14 (p.Tyr723X) in Patient 1 and
€.2454C > Ain exon 15 (p.Cys818X) in Patient 2. These mutations
have not been reported in the literature and were not present in
either set of parents, though biologic parentage was not confirmed.

DISCUSSION

We found novel GLI3 mutations in two PHS patients showing
genital abnormalities. A female with GH deficiency had hydro-
metrocolpos, and a male with panhypopituitarism had severe
micropenis, hypoplastic scrotum, and bilateral cryptorchidism. To
date, a total of 14 patients, including the present two patients (five
males, six females, three unknown), with GLI3 mutation-positive
PHS have been reported to have genital abnormalities (Table I). All
patients had nonsense or frameshift mutations in exons 13, 14, or
15; however, no hotspot for GLI3 mutations has been found. In
affected males, hypospadias was observed in three patients, micro-
penis in two, and bifid or hypoplastic scrotum in two. Three had an
anorectal abnormality (imperforate anus) and one had a urological
abnormality (small kidney). In affected females, all had hydro-
metrocolpos and/or vaginal atresia. Two had an anorectal abnor-
mality (imperforate anus and rectoperineal fistula) and four had
various urological abnormalities, including vesicoureteric reflux in
two. A male patient reported by Topf et al. [1993] had an affected
father, showing polysyndactyly, hypothalamic mass, and normal
genitalia. Another male patient reported by Ng et al. [2004] had an
affected sister whose condition was caused by parental gonadal
mosaicism, showing panhypopituitarism, precocious puberty, im-
perforate anus, and genu recurvatum, but no genital abnormalities.
Additionally, a girl described by Roscioli et al. [2005] with the same
GLI3 nucleotide change as the siblings reported by Ng et al. [2004]
had an anteriorly placed anus with stenosis and rectovaginal fistula,
but no genital abnormalities. These findings suggest that genital
features in patients with PHS might present with a wide range of
severities among patients with the same nucleotide change.

The cloaca, a transient embryonic cavity, is subdivided into the
urogenital sinus and anal canal, which subsequently differentiate
into the urogenital and anorectal organs in both sexes [Haraguchi
etal,, 2007]. Shhknockout mice show anorectal malformations and
a complete absence of external genitalia formation, and Gli3
knockout mice show anal stenosis or atresia [Haraguchi et al,
2001; Mo et al., 2001; Bose et al., 2002]. Haraguchi et al. [2007]

reported that Shh mutant embryos have hypoplasia of the external
genitalia, pelvic urethra, and bladder, and they concluded that the
Shh signaling pathway is important for bladder development and
external genital morphogenesis. Using temporally controlled Skhh
deletion mice, Seifert et al. [2009] demonstrated that disruption of
Shh function caused coordinated anorectal and genitourinary
malformations in both males and females, including severe under-
development of the external genitalia, hypospadias, persistence of
the embryonic cloaca during the anogenital phase (E10.5-E13), and
localized defects of the external genitalia during external genital
phase (E13.5-E15.5). Gli transcription factors are likely to be
required for normal development of the genital tubercle, an em-
bryonic anlage of external genitalia, which later differentiates into a
penis in males and a clitoris in females [Yamada et al., 2003, 2006].
Thus, urogenital and anorectal malformations in patients with PHS
might be related to dysregulation of SHH signaling caused by GLI3
mutations.

Masculine development of the external genitalia is generally
androgen dependent. The actions of androgens during external
genital morphogenesis generally occur after the initial unisexual
patterning of the external genital anlagen [Yamada et al., 2003,
2006]. Graham et al. [1985] speculatéd that micropenis and crypt-
orchism in male patients with PHS were caused by absent or
diminished gonadotrophins during fetal development and that
hypopituitarism resulted from disruption of normal relationships
between the pituitary and the hypothalamus by a hypothalamic
hamartoma. In our review of the literature, only two of five male
patients had panhypopituitarism. Hydrometrocolpos results from
failure of canalization of the hymen and developing vagina. Most
cases are sporadic, however, familial occurrence and association of
genetic syndromes (McKusick—Kaufman syndrome) or congenital
anomalies have been reported [Nazir et al, 2006]. No female
patients in our review of the literature had panhypopituitarism.

In conclusion, we describe genital abnormalities in two patients
with PHS and GLI3 mutations. The urogenital and anorectal
abnormalities in patients with PHS may be related to dysregulation
of SHH signaling caused by GLI3 mutations rather than hormonal
aberrations. We recommend that thorough investigations of genital
abnormalities are considered in patients with PHS, even in those
without hypopituitarism.
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Clinical application of array-based comparative
genomic hybridization by two-stage screening for
536 patients with mental retardation and multiple
congenital anomalles |
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Recent advances in the analysis of patients with congenital abnormalities using array-based comparative genome hybridization
(aCGH) have uncovered two types:of genomic copy-number variants (CNVs); pathogenic CNVs (pCNVs) relevant to congenital
disorders and benign CNVs observed also in healthy populations, complicating the screening of disease-associated alterations by
aCGH. To apply the aCGH technique to the diagnosis as well as investigation of multiple congenital anomalies and mental
retardation (MCA/MR), we constructed a consortium with 23 medical institutes and hospitals in Japan, and recruited 536 patient:
with clinically uncharacterized MCA/MR, whose karyotypes were normal according to conventional cytogenetics, for two-stage
screening using two types of bacterial artificial chromosome-based microarray. The first screening using a targeted array detected
PCNV in 54 of 536 cases (10.1%), whereas the second screening of the 349 cases negative in the first screening using a genome

~wide high-density array at intervals of approximately 0.7 Mb deétected pCNVs in 48 cases (13.8%), including pCNVs relevant to

recently established microdeletion or microduplication syndromes, CNVs containing pathogenic genes and recurrent CNVs
containing the same region among different patients. The results show the efficient application of aCGH in the clinical setting. .
Journal of Human Genetics (2011) 56, 110-124; doi:10.1038/jhg.2010.129; published online 28 October 2010
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INTRODUCTION :

Mental retardation (MR) or developmental delay is estimated to affect
2-3% of the population.! However, in a significant proportion of
cases, the etiology remains uncertain. Hunter? reviewed 411 clinical
cases of MR and reported that a specific genetic/syndrome diagnosis

-was carried out in 19.9% of them. Patients with MR often have

congenital anomalies, and more than three minor anomalies can t
useful in the diagnosis of syndromic MR.>* Although chromosom
aberrations are well-known causes of MR, their frequency determine
by conventional karyotyping has been reported to range from 7.9'1
36% in patients with MR.*® Although the diagnostic yield depenc
on the population of each study or clinical conditions, such studi
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suggest that at least three quarters of patients with MR are undiag-
nosed by clinical dysmorphic features and karyotyping.

In the past two decades, a number of rapidly developed cytogenetic
and molecular approaches have been applied to the screening or

. diagnosis of various congenital disorders including MR, congenital

anomalies, recurrent abortion and cancer pathogenesis. Among them,
array-based comparative genome hybridization (aCGH) is used to
detect copy-number changes rapidly in a genome-wide manner and
with high resolution. The target and resolution of aCGH depend on

the ‘type and/or-design of mounted probes, and many types of’

microarray. have been used for the screening of patients with MR
and other congenital disorders: bacterial artificial chromcsome
(BAC)-based arrays covering whole genomes,”? BAC arrays covering
chromosome X,!2 a BAC array covering all subtelomeric regions,?
oligonucleotide arrays covering whole genomes,**1> an oligonucleo-
tide array for clinical diagnosis'® and a single nucleotide polymorph-
ism array covering the whole genome.!” Because genome-wide aCGH
has led to an appreciation of widespread copy-number variants
(CNVs) not only in affected patients but also in healthy popula-
tions,®20" clinical cytogenetists need to discriminate between CNVs
likely to be pathogenic (pathogenic CNVs, pCNVs) and CNVs less

likely to be relevant to a patient’s clinical phenotypes (benign CNVs, .

bCNVs).2! The detection of more CNVs along with higher-resolution
microarrays needs more chances to assess detected CNVs, resulting in
more confusion in a clinical setting.

We have applied aCGH to the diagnosis and investigation of
patients with multiple congenital anomalies and MR (MCA/MR) of
unknown etiology. We constructed a consortium with 23 medical
institutes and hospitals in Japan, and recruited 536 clinically unchar-
acterized patients with 'a normal karyotype in conventional cyto-
genetic tests. Two-stage screening of copy-number changes was

_ performed using two types of BAC-based microarray. The first screen-

ing was performed by a targeted array and the second screening was
performed by an array covering the whole genome. In this study, we
diagnosed well-known genomic disorders effectively in the first screen-
ing, assessed the pathogenicity of detected CNVs to investigate an
etiology in the second screening and discussed the clinical significance
of aCGH in the screening of congenital disorders.

MATERIALS AND METHODS

Subjects - ‘

We constructed a consortium of 23 medical institutes and hospitals in Japan, and
recruited 536 Japanese patients with MCA/MR of unknown étiology from July

Two-stage aCGH analysis for patients with MCAMR
S Hayashi ef al
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2005 to January 2010. All the patients were physically examined by an expert in
medical genetics or a dysmorphologist. All showed a normal karyotype by
conventional approximately 400550 bands-level G-banding karyotyping. Geno-
mic DNA and metaphase chromosormes were prepared from peripheral blood
Iymphocytes using standard methods. Genomic DNA from a lymphoblastoid cell
line of one healthy man and one healthy woman were used as a normal control for
male and female cases, respectively. All samples were obtained with prior written
informed consent from the parents and approval by the local ethics comnmittee
and 2l the institutions involved in this project. For subjects in whom CNV was
detected in the first or second screening, we tried to analyze their parents as many
as possible using aCGH or fluorescence i situ hybridization (FISH).

Array-CGH analysis .

Among our recently constructed in-house BAC-based arrays,?? we used two
arrays for this two-stage survey. In the first screening we applied a targeting
array, ‘MCG Genome Disorder Array’ (GDA). Initially GDA version 2, which
contains 550 BACs corresponding to subtelomeric regions of all chromosomes
except 13p, 14p, 15p, 21p and 22p and causative regions of about 30 diseases
already reported, was applied for 396 cases and then GDA version 3, which

contains 660 BACs corresponding to those of GDA version 2 and pericentro- -

meric regions of all chromosomes; was applied for 140 cases. This means that a
CNV detected by GDA is certainly relevant to the patient’s phenotypes.
Subsequently in the second screening we applied ‘MCG Whole Genome
Array-4500° (WGA-4500) that covers all 24 human chromosomes with 4523

BACs at intervals of approximately 0.7Mb to analyze subjects in whom no

CNV was detected in the first screening. WGA-4500 contains no BACs spotted

on GDA. If necessary, we also used ‘MCG X-tiling array’ (X-array) containing '

1001 BAC/PACs throughout X chromosome other than pseudoautosomal
regions.!? The array-CGH analysis was performed as previously described.!223

For several subjects we applied an oligonucleotide array (Agilent Human
Genome CGH Microarray 244K; Agilent Technologies, Santa Clara, CA, USA)
to confirm the boundaries of CNV identified by our in-house BAC arrays. DNA
labeling, hybridization and washing of the array were performed according to
the directions provided by the manufacturer. The hybridized arrays were
scanneéd using an Agilent scanner (G2565BA), and the CGH Analytics program
‘version 3.440 (Agilent Technologies) was used to analyze copy-number
alterations after data extraction, filtering and normalization by Feature Extrac-
tion software (Agilent Technologies). -

Fluorescence in sity hybridization
Fluorescence in situ hybridization was performed as described elsewhere? using
BACs located around the region of interest as probes.

RESULTS

CNVs detected in the first screening

In the first screening, of 536 cases subjected to our GDA analysis,
54 (10.1%) were determined to have CNV (Figure 1; Tables 1 and 2).

st Screening using GDA

2rd Screening using WGA-4500

536 cases 349 cases
Pathogenic CNV Pathogenic CNV
54 cases (10.1%) 48 cases (13.8%)

_'»

Figure 1 Percentages of each screening in the current study.

349 negative cases

VOus
6 cases (1.7%)

Benign CNV
9 cases (2.6%)
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Table 1 A total of 40 cases with CNV at subtelomeric region(s) among 54 positive cases in the first screening

Position where CNV detected

Gender ‘Loss Gain Corresponding disorder OMIM or citation Parental analysis®
iy
M 1p36.33 Chromosome 1p36 deletion syndrome #607872
M 1p36.33p36.32 Chromosome 1p36 deletion syndrome #607872
M 1p36.33p36.32 Chromosome 1p36 deletion syndrome #607872
M 1p36.33p36.32 Chromosome 1p36 deletion syndrome #607872
M 1g44 Chromosome 1q43-q44 deletion syndrome #612337
F 2¢37.3 2g37 monosomy® Shrimpton et al.24
F 2q37.3 237 monosormy® Shrimpton et a/.2*
M 3g29 Chromosome 3q29 deletion syndrome #609425
F 5p15.33p15.32 Cri-du-chat syndrome #123450
M 5g35.2g35.3 Chromosome 5q subtelomeric deletion syndrome Rauch et a/.25
F 6p25.3 _Chromosome 6pter-p24 deletion syndrome "#612582
M 7436.3 7436 deletion syndromef . Horfi et al?8
F 7936.3 7q36 deletion syndrome? Horn et al.26
M 9p24.3p24.2 Chromosome 9p deletion syndrome #158170
F 9g34.3 Kleefstra syndrome #510253
F 10g26.3 Chromosome 1026 deletion syndrome #609625
F 16p13.3 Chromosome 16p13.3 deletion syndrome #610543
F 22ql3.31 Chromosome 22q13 deletion syndrome #606232
M 22q13.31q13.33 Chromosome 22913 deletion syndrome #606232
M 15¢26.3 15q overgrowth syndrome® Tatton-Brown et a/.2”
F 15q26.3 15q overgrowth syndrome® Tatton-Brown ef /.27
M 21q22.13622.3 Down’s syndrome (partial trisomy 21) #190685
M Xp22.33 A few cases have been reporied; e.g. V5-130 in Lu et al28
M Xq28 Chromosome Xq28 duplication syndrome #300815
F 1q44 B Chromosome 1q43-q44 deletion syndrome #612337
8p23.2p23.3 :
M 3p26.3 3p deletion syndromed Fernandez ef al.?°
. 12p13.33p11.22
F 3p26.3 . 3p deletion syndromed Fernandez et al.?®
16p13.3 Chromosome 16p13.3 duplication syndrome #613458
F 4q35.2 4g— syndromed Jones ef al3%
. 7436.3
M 5p15.33 Cri-du-chat syndrome #123450
' 20p13 .
M 5p15.33pl15.32 . Cri-du-chat syndrome #123450
. ) 2p25.3 :
F 6g27 6q terminal deletion syndromed Striano et al.%!
) 11g25
F 6q27 6q terminal deletion syndromed Striano et a/3!"
. 8q24.3 ’
M 7q36.3 ) 7436 deletion syndromed Hom et al26 dn
lg44d
M 9p24.3p24.2 Chromosome 9p deletion syndrome- #158170
7q36.3
F 10p15.3plb.2 Chromosome 10p terminal deletiond Lindstrand et al.32 pat
. 7p22.3p22.2
M 10pl15.3 Chromosome 10p terminal deletion® Lindstrand et /32
' 2p25.3 ‘
M 110q26.3 Chromosome 10q26 deletion syndrome #609625
2q37.3 Distal trisomy 2q¢ Elbracht et /.33
M 18g23 Chromosome 18q deletion éyndrome #601808
7936.3 -
F 22q13.31q13.33 Chromosome 22g13.3 deletion syndrome #606232 pat
17¢25.3 One case was reported Lukusa et al.34
M Xp22.33/Yp11.32 . Contiguous gene~deletion syndrome on Xp22.34 Fukami ef a/.3%
. Xq27.3928 - Chromosome Xq28 duplication syndrome #300815

Abbreviations: F, female; CNV, copy-number variant; M, male; OMIM, Online Mendelian Inheritance in Man; dn, de novo CNV observed in neither of the parents.

2The name of disorder is based on entry names of OMIM, expect for entry names in DECIPHER and description in each cited article.

bpat, father had a balanced translocation involved in-corresponding subtelomeric regions.
SEntry names in DECIPHER.
dDescription in each cited article.
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All the CNVs detected in the first screening were confirmed by FISH.
Among the positive cases, in 24 cases one CNV was detected. All the
CNVs  corresponded to well-established syndromes. or already
" described disorders (Table 1). In 16 cases two CNVs, one deletion
and one duplication, were detected at two subtelomeric regions,
indicating that one of parents might be a carrier with reciprocal
‘translocation involved in corresponding subtelomeric regions, and at
least either of the two CNVs corresponded to the disorders. We also

performed parental analysis by FISH for three cases whose parental -

samples were available, and confirmed that in two cases the sub-
telomeric aberrations were inherited from paternal balanced translo-
cation and in one case the subtelomeric aberrations were de novo
(Table 1). In the other 14 cases, CNVs (25.9%) were detected in
regions correspondmg to known disorders (Table 2).

CNVs detected in the second screening and assessment of the CNVs
Cases were subject to the second screening in the order of subjects
detected no CNV in the first screening, and until now we have
analyzed 349 of 482 negative cases in the first screening. In advance,
we excluded highly frequent CNVs observed in healthy individuals
and/or in multiple patients showing disparate phenotypes from the
present results based on an internal database, which contained all
results of aCGH analysis we have performed using WGA-4500, or
other available online databases; for example, Database of Genomic
Variant (http://projects.tcag.ca/variation/). As a result, we detected 66
CNVs in 63 cases (Figure 15 Table 3). Among them, three patients
(cases 36, 42 and 44) showed two CNVs, All the CNVs detected in the
second screening were confirmed by other cytogenetic methods
including FISH and/or X-array. For 60 cases, we performed FISH
for confirmation and to determine the size of each CNV. For five cases,
cases 13, 36, 48, 57 and 63, with CNVs on the X chromosome, we used
the X-array instead of FISH. For cases 4, 6, 16-19 and 34, we also used

~ Agilent Human Genome CGH Microarray 244K to determine the
refined sizes of CNVs. The ‘maximum and minimum sizes of each
CNV determined by these analyses are described in Table 3.

Well-documented pCNVs emerged in the second screening
CNVs identified for recently established syndromes. We assessed the
pathogenicity of the detected CNVs in several aspects (Figure 2).2137:38
First, in nine cases, we identified well-documented pCNVs, which are
responsible for syndromes recently established. A heterozygous deletion at
1q41-q42.11 in case 2 was identical to patients in the first report of
141942 microdeletion syndrome.® Likewise a CNIV in case 3 was identical
to chromosome 1q43-q44 deletion syndrome (OMIM: #612337),40 a CNV
- in case 4 was identical to 2q23.1 microdeletion syndrome,*! a CNV in case
5 was identical to 14q12 microdeletion syndrome® and a CNV in case 6
~was identical to chromosome 15q26-gter deletion. syndrome (Drayer’s
. syndrome) (OMIM: #612626).% Cases 7, 8 and 9 involved CNVs of
different sizes at 16p12.1-p11.2, the region responsible for 16p11.2-p12.2
microdeletion syndrome.##5 Although an interstitial deletion at 1p36.23-
P36.22 observed in case 1 partially overlapped with a causative region of
chromosome 1p36 deletion syndrome (OMIM: #607872), the region
deleted was identical to a proximal interstitial 1p36 deletion that was
recently reported. Because patients with the proximal 1p36 deletion
including case 1 demonstrated different clinical characteristics from cases of
typical chromosome 1p36 deletion syndrome, in the near term their
clinical features should be redefined as an independent syndrome. %

CNVs coﬁtaining pathogenic gene(s). In four cases we identified
- pCNVs that contained a gene(s) probably responsible for phenotypes.
In case 10, the CNV had a deletion harboring GLI3 (OMIM: *165240)

Two-stage aCGH analysis for patients with MCA/MR
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Table 2 Other cases among 54 positive cases in the first screening

Position where CNV detected

Gender . Gain Loss Corresponding disorder oMIM
F 4pl6.3 Ring chromosome
4q35.2

M 3gq22.323 BPES - #110100
M 2q22.3 ZFHX1B region - *605802
M 4q22.1 Synuclein (SNCA) region  *163890
F 7p21.1 Craniosynostosis, type 1 #123100
F 7q11.23 Williams syndrome #194050
F 8023.3924.11 Langer-Giedion syndrome #150230
M 15g11.2q13.1 - Prader-Willi/Angelman #176270/ .

. #105830
F ‘17p11‘2 Smith-Magenis syndrome #182290
M 17q11.2 Neurofibromatosis, type | +162200
M 22q11.21 DiGeorge syndrome #188400
F 22ql1.21 DiGeorge syndrome #188400
F Xp22.31 Kallmann syndrome 1° +308700
F Whole X Mosaicism

" Abbreviations: CNV, copy-number variant; F, female; M, male;- OMIM, Online Mendelian-

Inheritance in Man.

accounting for Greig cephaiopolysyndactyly syndrome (GCS; OMIM:
175700). & Although phenotypes of the patient, for example, pre-axial
polydactyly of the hands and feet, were consistent with GCS, his severe
and atypical features of GCS, for example, MR or microcephaly, might
be affected by other contiguous genes contained in the deletion.?s
Heterozygous deletions of BMP4 (OMIM: *112262) in case 11 and

.CASK (OMIM: *300172) in case 13 have been reported previously. 40 -

In case 12, the CNV contained YWHAE (OMIM: *605066) whose
haploinsufficiency would be involved in MR and mild CNS dysmor-
phology of the patient because a previous report demonstrated that

haploinsufficiency of ywhae caused a defect of neuronal migration in

mice’! and'a recent report also described a microdeletion of YWHAE
in a patient with brain malformation.5?

Recurrent CN'Vé in the same regions. We also considered recurrent
CNVs in the same region as pathogenic; three pairs of patients had
overlapping CNVs, which have never been reported previously. Case
16 had.a 3.3-Mb heterozygous deletion at 10q24.31-q25.1 and case 17
had a 2.0-Mb deletion at 10924.32—q25.1. The clinical and genetic
information will be reported elsewhere. Likewise, cases 14 and 15 also
had an overlapping CNV at 6q12-q14.1-and 6ql4.1, and cases 18 and
19 had an overlapping CNV at 10p12.1-p11.23. Hereafter, more
additional cases with the recurrent CNV would assist in defining
new syndromes.

CNVs reported as pathogenic in previous studies. Five cases were
applicable to these criteria. A deletion at 3p21.2 in case 20roverlapped
with that in one case recently reported.>® The following four cases had
CNVs reported as pathogenic in recent studies: a CNV at 7p22.1 in
case 21 overlapped with that of patient 6545 in a study by Friedman
et al,** a CNV at 14q11.2 in case 22 overlapped with those of patients
8326 and 5566 in Friedman et al,'* a CNV at 17q24.1-q24.2 in case 23
overlapped with that in patient 99 in Buysse et 4L5% and a CNV at
19p13.2 in case 24 overlapped with case P11 in Fan et al >

Large or generich CNVs, or CNVs containing morbid OMIM
genes. In cases inapplicable to the above criteria, we assessed CNVs

113
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Table 3 Sixty-three cases with CNV in the 2nd screening

Clinical

Remarkable
clinical

Base position and size of the identified CNV@

Protein- CNV ] Corresponding
Parental coding assess- or candidate

(RP11-1069J5— .
RP11-245M24)x1

(RP11-95C16-,
RP11-829C10-)dn

41392291

W

Case Gender diagnosis features CNV Position WGA-4500" FISHP Start (max) ~ Start (min) ~ End (min) ~ End (max)  Size (min) Size (max) analysis genes® mentd gene(s)
1 M MCAMR del 1p36.23p36.22 arr cgh ish del(1)(p36.23p36.22) 8585127 8890860 10561097 11143717 1670237 2558590 dn 32 P
- 1p36.23p36.22 (RP11-462M3+, . : i
(RP11-81J7 RP11-106A3-,
: RP11-19801)x1 RP11-28P4+)dn v
2 M MCA/MR del 1941g42.11  arrcgh 1q4l ish del(1)(q41g42.11) 215986492 216532600 221534398 222467931 5001798 6481439 dn 3 P
(RP11-135J2» (RP11-706L9+;
RP11-239E10)x1 RP11-224019-,
) RP11-36704-)dn
3 F MCA/MR Epilepsy del 1q44 arr cgh 1q44 ish del(1)(q44) 241996973 243177632 243251 660 244141010 74028 2144037 1P
(RP11-156E8)x1 (RP11-56019+, ‘ : ‘
_RP11-156E8-)
-4 °© F MCA/MR del 2g22 arr cgh 2q23.1 . ish del(2)(g23.1) - 147 651472 147 688255 149855826 149879891 2167571 2228419 7 P
: (RP11-72H23)x1 (RP11-375H16-) ) ;
5 F MCAMR del 14q12q13.2  arr cgh 14q12q13.2 ish del(14)(q13.2) 28768137. 29297829 34689412 35489337 5391583 6721200 25 P
(RP11-36909 - (RP11-831F6-) : '
RP11-26M6)x1
6 M MCAMR CHD del 15q26.2 arr cgh 15026.2q26.3  ish del(15)(q26.2) 93199415 93214063 96928421 96942334 3714368 3742919 6 P
(RP11-79C10— (RP11-308P12-) ’ ' :
RP11-80F4)x1
7 M "MCA/MR CHD del 16pl2.1p11.2 arrcgh 16p12.1p11.2  ish del(16)(p11.2) 25795340 27008538 29825404 31443492 2816866 5648152 dn 138 P
(RP11-309114 - (RP11-75J11-)dn :
i RP11-150K5)x1
8 M MCAMR CHD del 16p1l.2 arr cgh 16p12.1p11.2  ish del(16)(p11.2) 27184508 28873631 29825404 31443492 - 951773 4258984 dn 134 P
(RP11-360L15— (RP11-360L15-,
RP11-150K5)x1 RP11-388M20+, .
RP11-76J11+)dn v
9 F MCA/MR del 16p11.2 arr cgh 16p11.2 ish del(16)(p11.2) 28873841 29408698 "32773200. 34476095 3364502 5602254 125 P
' (RP11-368N21 (RP11-388M20-, :
‘RP11-499D5)x1 RP11-75J11-)
10 M MCAMR del 7pl4.2pl3  arr cgh 7pl4.2pl3 ish del(7)(p14.1p13) 35621006 36470190 44657334 45508196 8187144 9887190 dn 70 P GLI3
(RP11-138E20— . (RP11-258I11+,
RP11-52M17)x1 RP11-2J17-,
RP11-346F12-Jdn
11 F MCAMR Corneal del 14q22.1q22.3 arrcgh 14q22.1q22.3  ish del(14)(g22.1) 51964774 51983834 54730496 55054754 2746662 3089980 dn 18 P BWP4
opacity ‘ (RP11-122A4 — (RP11-122A4-, : )
. RP11-172G1xl RP11-316L15+)dn .
12 M MCAMR Idiopathic  del 17q13.3 arr cgh 17p13.3 ish del(17)(p13.3) 1008128 1146211 2077151 2026967 930940 1018839 dn 22 P YWHAE
leukodystrophy (RP11-294J5— (RP11-4F24-,
RP11-35707)x1 RP11-26N6-+)dn : v
13 ™M MCAMR del Xpll.4pll.3  arrcghXpll.3pll.4d - ish del(X)(pl1.4p11.3) 41385453 45419624 45495709 4034171 4103418 dn 9 P CASK
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Tablé 3 Continued

Remarkable Base position and size of the identified CNV? Protein- CNV  Corresponding
Clinical  clinical - - ~ Parental coding assess- or candidate
Case Gender diagnosis features CNY Position WGA-4500° " FISH® Start (max) * Start (min) ~ End (min) ~ End (max) Size (min) Size (max) "analysis genes® ment® gene(s)
14 ~M  MCA/MR del 6ql2q14.1 arr cgh 6q12q14.2(RP11- ish del(6)(q13) 69029871 69731888 83926178 85101718 14194290'16071847 dn 56 P
502L6— (RP11-28P18-)dn .
RP11-232L4)x1
15 M ZLS del 6ql4.1 arr cgh 6ql14.1 ish del(6)(q14.1) 75484004 76145436 79474428 79851528 3328992 4367524 10 P
+ (RP11-343P23 — (RP11-5N7-,RP11-
RP11-217L13)x1 990K4-,RP11-116+) -
16 F MCA/MR CHD del 10p12.1p11.23 arr cgh 10p12.1p11.23 . ish del(10) 27045285 27054002 29057401 29088950 2003399 2043665 18 P
‘ ’ (RP11-89D1 - (p12.1p11.23) :
91A23)x1 (RP11-164A7-,
~ RP11-110B21-) :
17 M MCA/MR del 10p12.1p11.23 arr cgh 10p12.1p11.23  ish del(10)(p11.23) 28121596 28131608 30559024 30577807 2427416 2456211 12 P
(RP11-218D6— (RP11-15H10-)
RP11-RP11-
1811111 .
18 M MCA/MR CHD del 10g24.31¢25.1 arr cgh 10g24.31g25.1  ish del(10)(q24.33) 102560783 102568462 105914057 105929608 3345595 3368825 dn 66 P
(RP11-108L7 —» (RP11-416N2-)dn
‘RP11-108L7)x1 . . _
19 M MCA/MR del 10q24.32q25.1 arr cgh 10q24.32925.1  ish del(10)(q24.33) 103917900 103928189 106005827 106011522 2077638 2093622 dn 41 P
. (RP11-21N23— (RP11-416N2-)dn
RP11-99N20)x1
20 F MCA/MR del 3p21.31p21.2 arr cgh 3p21.31p21.2 ish del(3)(p21.31) 46150261 46359965 51390597 52571544 5030632 6421283 175 P
(RP11-24F11— (RP11-3B7-) '
RP11-89F17)x1
21 M MCA/MR del 7p22.1 arr cgh 7p22.1 ish del(7)(p22.1) 3185609 5892225 6233987 6409277 341762 3223668 dn 28 P
(RP11-90J23 - (RP11-2K20-)dn
RP11-2K20)x1 . .
22 F MCA/MR Corneal dup 14gll.2 arr cgh 14q11.2 ish dup(14)(q11.2) 20070731 20306624 20534929 21264945 228305 1194214 >30 P
opacity, (RP11-152G22 - (RP11-152G22++)
CHD RP11-84D12)x3 .
23 M MCA/MR del 17q24.1q24.2 arr cgh 17q24.1q24.2  ish del(17) 60576365 60936391 64592701 64587782 3656310 4011417 29 P
’ ’ (RP11-89L7 — (q24.1q24.2)
RP11-79K13)x1 (RP11-93E5-,
RP11-89L7-,
RP11-79K13-) : ‘
24 M SMS susp, del 19pl13.2 arr cgh 19p13.2 ish del(19)(p13.2) 19248377 10248853 11968772 12553279 1719919 3304902 dn P
(RP11-19704 — (91021-) .
RP11-164D24)x1
25 M MCA/MR  Epilepsy dup 2g11.2q13 arr cgh 2g11.2q13( ish dup(2)(q11.2) 88273220 91696986 109869691 112714666 18172705 24441 446 >30 P
) : RP11-90G13— - (RP11-542D13++) .
‘ RP11-79K7)x3
26 M  MCA/MR CHD dup 4pl6.1 arr cgh 4p16.1 ish dup(4)(p16.1) 8202790 8520479 9793705 10638054 1273226 2435264 17 P

(RP11-1719)x3

(RP11-301J10++)
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Table 3 Continued

Remarkable Base position and size of the identified CNV? Protein- CNV Carresponding,
Clinical  clinical - — Parental coding assess- or candidate
Case Gender diagnosis features .CNV Position WGA-4500° FISH® Start (max) ~ Start (min) ~ End (min) ~ End (max)  Size (min) Size (max)  analysis genes® mentY gene(s)
27 F MCA/MR del 7g22.1922.2  arr cgh 7q22.1q22.2 ish del(7}{q22.1q22.2) 97314215 98261079 105604920 106451506 7343841 9137291 135 P
' (RP11-10D8 — (RP11-124G15+,RP11- : :
RP11-72J24)x1 188E1-,RP11-95P19-) : ‘
28 F MCA/MR Epilepsy del 12q13.13 arr cgh 12q13.13 ish del(12)(g13.13) ~ 50987232 51016427 51956 291 52180088 939864 1192856 a4 P
’ (RP11-7418 (RP11-624J6-)
RP11-624J6)x1 . )
29 M MCA/MR dup 16q22.3 arr cgh 16922.3 ish dup(16)(g22.3) © 70355260 70848592 72328913 73785124 1480 321 3429864 25 P
(RP11-90L19— (RP11-115E3++, N
. RP11-89K4)x3 RP11-90L19++)
30 M RTS susp. dup 16q24.1 arr cgh 16g24.1 ish dup(16)(q24.1) 82699729 827976548 83749375 84123 857 951827 1424128 16 P
S (RP11-140K16 - (RP11-770B4++,
RP11-44201)x3 RP11-140K16+4+) g . .
31 M MCA/MR  Epilepsy del 2q24.2q24.3  arr cgh 2q24.2 - ish del(2)(q24.2) 160407234 161072815 162883584 166923475 1810769 6516241 28 P TBRI1
- (RP11-89L13 - (RP11-638N12-) | ’ - .
: RP11-79L13)x1
32 M MCA/MR del 3p26.2 arr cgh 3p26.2 ish del(3)(p26.2) 3943353 4016797 4198468 4329970 181671 386617 2 P SUMFI
(RP11-32F23)x1 (RP11-32F23-) . :
33 M . MCA/MR IgA del 7q21.11 arr cgh 7q21.11 ish del(7)(q21:11) 83597839 83601541 84549609 84788160 948068 1190321 3 P SEMA3A
deficiency (RP11-22M18)x1 (RP11-115M2+, ’
RP11-35304-,
RP11-22M18-) -
34 M MCA/MR dup 14g32.2 arr cgh 14¢32.2 ish dup(14)(q32.2) 99330486 99337358 99841558 99845472 504200 514986 7 P EML1, YY1
) (RP11-128L1)x3 (RP11-177F8++) :
35 M MCA/MR  Epilepsy dup 16pl3.3 arr cgh 16p13.3 ish dup(16)(p13.3) 4851459 5678447 5906909 6165923 228462 1314464 9 P A2BPI
(RP11-349111)x3 (RP11-349111++) )
36 M MCA/MR dup Xp22.2p22.13 arr cgh Xp22.2p22.13 not performed 16874735 16952121 17596600 17638351 644479 763616 2 P
' (RP11-2K15 > (X-tiling array) ’
RP11-115110)x3 . :
dup Xp2l.3 arr cgh Xp21.3 not performed 28704076 28704076 28 868075 28868075 163999 163 999 1 P ILIRAPLI
(RP11-43817)x3 (X-tiling array)
37 F MCA/MR del 1p34.3 arr cgh 1p34.3 ish del(1)(p34.2) 37830131 38338265 39466349 39583645 1128 084 1753514 dn 7 P
) (RP11-89N10— (RP11-195A8+, ' :
RP11-416A14)x1 RP11-166F21-)dn - .
38 M MCA/MR  Hyper dup 1g25.2 arr cgh 1925.2 ish dup(1)(1g25.2) 177088480 177196858 177 535659 177859828 338801 771348 dn 9 P
: IgE (RP11-177A2— (RP11-177A24+, . : ’ '
RP11-152A16)x3 RP11-152A16++)
39 M MCA/MR del 2p24.1p23.3  arr cgh 2p24.1p23.3 ish del(2)(p23.3) 20037821 23094244 26815794 28414457 3721550 8376636 dn 86 P
(RP11-80H16- (RP11-88F6-, '
RP11-88F6)x1 . RP11-373D23+)dn
40 F MCA/MR CHD del 3p26.1p25.3 arr égh 3p26.1p25.3 ish del(3)(p26.1Ap25.3) 8190 557 8497949 9930973 10026217 1433024 dn 18 P

- (RP11-128A5—

RP11-402P11)x1

(RP11-936E1-,
RP11-402P11-,
RP11-1079H21+) dn

1835660

911
&

YINFON Yim sjusned oy sfsﬁleue HoJe ssers-om)

[e Jo lysefeq §



SojjRUSY UBWINY 1O [euinof

Table 3 Continued : . . e

Remarkable

Base position and size of the identified CNV? Protein- CNV Corresponding
Clinical  clinical

Parental coding assess- or candidate ‘

Case Gender. diagnosis features CNV Position WGA-4500° FISH® Start (max)  Start (min) ~ End (min)  End (max) ~ Size (min) Size (max) analysis genes® mentd gene(s)
41 M MCA/MR del 3p22.1p21.31 arrcgh 3p22.1p21.31  ish del(3)(p22.1) 41365663 42284365 48177538 40198542 5893173 7832879 dn 123 P
' o (RP11-241P3— (RP11-61H16+, '
RP11-88B8)x1 RP11-241P3-,
RP11-78010+)dn .
42 M MCA/MR Corneal del 3pl4.3pl4.2 arrcgh3pl4.3plda.2  ish del@)pld.2) 57370434 58149199 58742633 58887574 693434 1517140 mat 1 B
' opacity - . (RP11-80H18-  (RP11-79J19-, ‘ '
RP11-79J9)x1 RP11-230A22+)mat : )
del 8¢21.11q21.13 arrcgh 8q21.11g21.13  ish del®) - 75722961 75821163 81110557 81493446 5289394 5770485 dn 12 P
(RP11-2256 - (q21.11q21.13)
RP11-214E11)x1 (RP11-225J6-,
RP11-48B3+)dn : ‘
43 M MCA/MR del 3926.31926.33 arr cgh 3q26.31-G26.33  ish del(3)(q26.32) 1756650310 176531 688 180613203 181653281 4081515 6002971 dn 12 P
(RP11-29215— (RP11-300L9+,
RP11-355N16)x1 RP11-105L6-)dn ‘
44 M MCAMR CHD del 13q13.2q13.3 arr cgh 13q13.2 ish del(13)(q13.2) 33451136 33895560 34813379 34909905. 917819 1458769 dn 1 P
. (RP11-269G10-> (RP11-142E9+, ' ‘
90FB)x1 RP11-381E21-,
RP11-98D3+)dn .
del 22q11.21 arr cgh 22q11.21 ish del(22)(q11.21) 19310307 19310307 19590642 19590642 280335 280335 pat 15 B
(RP11-155F20 - (RP11-155F20-, ' i
54C2)x1 RP11-590C5-,
RP11-54C2-)pat , ) : ‘
45 F aRsS ‘del 18¢21.2 arr cgh 18q21.2 ‘ish del(18)(q21.2) 48218621 49166752 51288665 51861143 2121913 3642522 dn 9 p
' (RP11-89B14)x1 (RP11-159D14+, :

RP11-186B13-,
RP11-111C17-)dn .
46 M- MCA/MR dup 19p13.3 arr cgh 19p13.3 o 1095485 2418857 3499581 4460252 1080724 3364767 dn 113 P
(RP11-49M3 - ‘
RP11-268021)x3 -

47  F  MCA/MR ° Autism del "19p13.3 . arcgh 19p13.3 ish del(19)(p13.3) 4844383 6043505 6859584 6881792 816079 2037409 dn 23 P
: (RP11-30F17 — (RP11-33017-)dn ’ ’
S RP11-33017)x1 . '
48 M MCA/MR del Xpll.3 - arrcgh Xpll.3 . ish del(X)(p11.3) 44403077 44433162 46795584 46795588 2362422 2392511 mat 18 P
: (RP11-151G3 - (RP11-203D16-)mat ' )

RP11-48J14)x0 "

49 M MCA/MR dup 3p26.3 arr cgh 3p26.3 - ish dup(3)(p26.3) 2377366 2443357 2619407 2628216 176050 250850 pat 1 B
) ) (RP11-6301)x3 (RP11-6301++)pat ) .
50 M MCA/MR. dup 5pl14.3 arr ogh 5p14.3 ish dup(5)(p14.3) 19046234 19485530 19656108 20798445 170578 1752211 pat 1 B
_ ' ~ (RP11-91A5K3 (RP11-91AS++)pat : '
51 M MCAMR dup 5q13.3 arcgh5q13.1 . ish dup(5)(q13.1) " 66417271 66481371 67501700 67838977 1020329 1421706 mat 3 B
' - (RP11-40N8— (RP11-105A1 1++)mat '

RP11-91C10)x3
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Table 3 Continued

RP11-383C12)x3

Remarkable Base position and size of the identified CNV@ Protein- CNV  Corresponding
Clinical  clinical - Parental coding assess- or candidate
Case Gender diagnosis features CNV Position WGA-4500° FISHY Start (max) ~ Start (min) ~ End (min) ~ End (max) ~ Size (min) Size (max) analysis genes® ment® gene(s)
52 M MCA/MR dup 7p22.3 arr cgh 7p22.3 ish dup(7)(p22.3) 1 -954016 954584, 1101944 568 1101943 mat 12 B
(RP11:23D23)x3 (RP11-23D23++, '
RP11-1133D5+)mat - :
53 F MCA/MR dup 8p23.2 arr cgh 8p23.2 ish dup(8)(p23.2) 3324954 3726061 4564671 5973493 838610 2648539 pat 1 B
(RP11-79118— (RP11-89119++, ’ ’
RP11-89112)x3 RP11-89112++)pat . .
54 M MCA/MR dup 9q33.1 arr cgh 9933.1 ish dup(9)(q33.1) 118980752 119452372 119614984 120011559 162612 1030807  pat 2 B
. (RP11-150L1)x3 (RP11-150L1++)pat . ’ )
55 F MCA/MR dup 10g22.3 arr cgh 10g22.3 ish dup(10){g22.3) 77356915 77718484 77873148 78230039 154 664 873124 mat 1 B
(RP11-79M9)x3 (RP11-79M9++)mat . .
56 M MCA/MR ELBW, dup 12¢21.31 arr cgh 12q21.31 ish dup(12)(q21.31) 80924954 82678148 82830190 85768388 152042 4843434 pat 3 B
hepato- (RP11-91C4)x3 (RP11-91C4++, .
blastoma RP11-14212+)pat . ;
57 M GS del Xpll1.23 arr cgh Xp11.23 not performed 47752808 47747918 47852109 47868412 104191 115604 mat 3 B
(RP11-876B24) (X-tiling array) ’
X0 mat
58 . M MCA/MR dup 8q11.23 arr cgh 8q11.23 ish dup(8)(q11.23) 53665974 53717675 54235229 54576654 517554 910680 3 Vous
(RP11-221P7)x3 (RP11-221P7++, i
RP11-26P22++) . "
59 F MCA/MR Micro- dup 10q11.21 arr cgh 10g11.21 ish dup(10)(g11.21) 41986946 42197693. 42320775 43603027 123082 1616081 " 15 vous
cephaly (RP11-178A10)x3 (RP11-178A10++) ) - )
60 M MCA/MR dup 11p14.2p14.1 ar cgh 11pl4.2pl4.1 ish dup(11) 26723462 27033270 27213374 27445 504 180104 722042 4 VOUS
(RP11-1L12)x3 (p14.2p14.1), ‘ )
. ) (RP11-1L12++) :
61 F MCA/MR dup 12pl1.1 arr cgh 12p11.1 ish dup(12)(pi1.1) 33333493 33359944 33572956 33572956 213012 239463 2 Vous
(RP11-88P41x3 (RP11-472A10++) | ' :
62 F aRs dup 12q21.31 arr cgh 12¢21.31 ish dup(12)(q21.31) 79949648 82172368 83968319 85768388 1795951 5818740 12 Vous
(RP11-91124— (RP11-91C4++, )
RP11-91C4}x3 RP11-142L2++) .
‘63 F MR Congenital dup Xql2 arr cgh Xq12 Nt performed 66212661 66216353 66921699 66948538 705346 735877 1 Vvous
myopathy (RP11-90P17 - (X-tiling array) '

Abbreviations: aRS, atyplical Rett syndrome; B, benij

The sizes were estimated by WGA-4500, X-a
The notation systems is based on ISCN2005.

“The number of protein-coding genes contained in the respective CNVs.

9The result of CNV assessment.

3 ign; CNV, copy-number variant; dn: de novo CNV observed in neither of the parents;
also in mother; P, pathogenic; pat: CNV identified also in father; RTS, Rubinstein-Taybi syndrome; SMS, Smith-Magenis syndrome;
rraaay, FISH or Agilent Human Genome CGH microarray 244K, .

ELBW, extremely low birth Weight; FISH, fluorescence in situ hybridization; GS, Gilles;
VOUS, variant of uncertain clinical significance; ZLS, Zimmermann-Laband syndrome.

pie syndrome; mat: CNV identified
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