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Abstract

Background: The presence of small supernumerary marker chromosomes (sSMCs) in a karyotype leads to
diagnostic questions because the resulting extra material may cause abnormal development depending on the
origin of the duplication/triplication. Because SMCs are so small, their origin cannot be determined by conventional
cytogenetic techniques, and new molecular cytogenetic methods are necessary. Here, we applied a target
approach to chromosome rearrangement analysis by isolating a chromosome of interest via microdissection and
using it in fluorescence in situ hybridization (FISH) as a probe in combination with whole-chromosome painting
probes. This approach allows to identify origins of both the euchromatin and repeat-rich regions of a marker.

Case presentation: We report a case of an adult male with congenital atresia of the rectum and anus, anotia, and
atresia of the external auditory canal along with hearing loss. Karyotyping and FISH analysis with whole-
chromosome painting probes of acrocentric chromosomes and the constructed microdissection library of the
marker chromosome reliably identified an additional chromosome in some metaphases: mos 47,XY,
+idic(22)(q11.2)[14]/46,XY [23].

Conclusion: We propose to use whole-chromosome libraries and microdissected chromosomes in FISH to identify
SMCs enriched with repeated sequences. We show that the methodology is successful in identifying the
composition of a satellited marker chromosome.
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Background
Small supernumerary marker chromosomes (SMCs) are
structurally abnormal chromosomes that are generally
equal in size to or smaller than chromosome 20 of the
same metaphase spread [1]. SMCs are found in ~0.043%
of newborns and ~0.077% of prenatal cases and are
tenfold more prevalent among patients with intellectual
disability and fourfold more prevalent among subfertile

individuals [2]. Most SMCs (~70%) originate from short
arms and pericentromeric regions of acrocentric chro-
mosomes [3]. SMCs derived from nonacrocentric auto-
somes are rarer and arise at a frequency of ~30% of all
markers [4]. It has been previously reported that satellite
markers derived from chromosome 22 pose a high risk
of a phenotypic abnormality [5]. On the contrary,
markers derived from chromosomes 13, 14, 15, and 21
as well as small ring autosomal markers derived from
both alphoid and satellite II or III pericentric hetero-
chromatin of chromosomes 1, 9, 15, and 16 are all asso-
ciated with a low risk of a phenotypic abnormality [5].
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Approximately one-third of small SMC (sSMC) cases
have a specific clinical picture, and most of the
remaining sSMCs are not yet correlated with clinical
syndromes. Specific SMCs have been associated with
Pallister–Killian syndrome involving isochromosome
12p, inverted duplication 15q12–q13 syndrome, isochro-
mosome 18p syndrome, and cat eye syndrome (CES) [1].
Conventional karyotyping can certainly detect large

aberrations, but origin identification for small super-
numerary elements is beyond its resolution. For identifi-
cation of sSMCs carrying heterochromatin or repeated
sequences, the common method of GTG staining is not
suitable. Fluorescence in situ hybridization (FISH) with
human-sorted chromosome-specific painting probes is
informative only when the fragment of a q arm with eu-
chromatin is present in the marker. Thus, FISH designed
to help with the identification of marker origin is power-
less in cases of chromosomes derived from repeat-rich
fragments. Here, we use microdissection of an sSMC
followed by direct and reverse painting of affected and
unaffected human metaphases to identify the origin of
the sSMC and to determine the region of homology up
to the cytogenetic-band level.

Case presentation
An adult male patient (19 years old at the time of the
study) with intellectual disability has a large number of
congenital malformations. Clinical findings in the pro-
band included congenital atresia of the rectum and anus
(corrected after birth), anotia, and atresia of the external
auditory canal together with mixed conductive and sen-
sorineural hearing loss. Computed tomography of tem-
poral bones revealed signs of atresia of the right external
auditory canal, hypoplasia of the tympanic cavity, and
aplasia of cells of the right mastoid process. No other
malformations were detectable, e.g., iris coloboma was
absent.

FISH with whole-chromosome painting probes of ac-
rocentric chromosomes revealed a narrow band from
chromosome 22 on an sSMC and faint signals from all
acrocentric chromosome probes on both arms of the
marker. We then carried out microdissection of the
chromosome of interest. By FISH of this microdissected
whole-chromosome probe onto normal metaphases and
metaphases with a marker, we determined the origin of
the sSMC as bisatellite and dicentric idic(22)(p-
ter→q11.2::q11.2→pter), which causes partial tetrasomy
by inverted duplication of an HSA22 fragment (Fig. 1).
FISH and the microdissection were performed as de-
scribed earlier [6–10]. The isodicentric bisatellited
chromosome formation model was proposed in the last
century [11]. The isodicentric chromosome 22 [idic(22)]
formation scheme in a simplified outline is shown in Fig.
2. No rearrangements were found in the proband’s
mother’s metaphases, and the father’s karyotype was not
available.

Discussion
The majority of sSMCs (65%) originate from chromo-
some 15, whereas sSMCs derived from other acrocentric
chromosomes constitute only 7% [12]. A subset of
SMCs(22) confers tri- or tetrasomy onto the cat eye
chromosomal region [1]. Chromosome 22 partial tetras-
omy is present in several syndromes such as CES and
inv dup(22)(q11.2) syndrome. Approximately 40% of
CES patients present with the classic triad of symptoms:
anal anomalies, preauricular skin tags, and coloboma of
the iris, which may make an eye look like a cat eye [12].
In contrast to other satellite markers, an sSMC derived
from chromosome 22 commonly has serious phenotypic
effects [5].
Approximately 23% of SMCs are inherited, either from

the mother (16%) or father (7%), and the rest are formed
de novo [4]. In early studies, there were reports about

Fig. 1 FISH with painting probes of human chromosome 22 (red signal) and of the marker microdissected chromosome (green signal) on
metaphase chromosomes of the proband
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direct transmission of CES [13–17]. Rarely, CES is trans-
mitted as a result of a balanced translocation in one of
the parents [18, 19]. Currently, it is generally accepted
that most cases of chromosome 22 partial tetrasomy are
not inherited and arise de novo. The condition generally
occurs sporadically as a random event during oogenesis
or spermatogenesis. The de novo origin of the idic(22)
described here is possible, being supported by the mo-
saic nature of the rearrangement. The growing amount
of information on clinical and laboratory data from pre-
viously described carriers of sSMCs is valuable. Detailed
reporting of every case may help future clinicians and
parents to make proper prognostic assessments and re-
productive decisions.
Here, repeat-rich p arms of the marker chromosomes

prevented their reliable identification by FISH with a
standard whole-chromosome painting probe alone, pro-
ducing a faint background signal on short arms of all ac-
rocentrics and in the marker. The combined application
of direct FISH with a sorted whole-chromosome DNA
probe and reverse painting with DNA of a microdis-
sected repeat-rich marker was developed here as an effi-
cient way to identify isodicentric markers formed from
short p arms and pericentromeric regions of human ac-
rocentric chromosomes. The marker was identified as
dicentric idic(22)(pter→q11.2::q11.2→pter). The region
affected by the rearrangement is composed of a gene-
poor and repeat-rich p arm and of the euchromatic re-
gion of proximal 22q.

Conclusions
Microdissection is an efficient technique for construct-
ing specific probes for marker chromosomes and is

especially valuable in cases of small repeat-rich elements.
The constructed microdissection library of idic(22) is
now available and included in the array of FISH probes
for cytogenetic diagnosis of sSMCs.
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