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Objective: We present prenatal diagnosis and molecular cytogenetic characterization of mosaicism for a
small supernumerary marker chromosome (sSMC) derived from chromosome 2.
Case Report: A 42-year-old woman underwent amniocentesis at 17 weeks of gestation because of
advanced maternal age. Amniocentesis revealed a karyotype of 47,XY,þmar[10]/46,XY[12]. The parental
karyotypes were normal. Array comparative genomic hybridization analysis of the DNA extracted from
cultured amniocytes revealed no genomic imbalance. Spectral karyotyping analysis failed to identify the
sSMC. Metaphase fluorescence in situ hybridization analysis using the satellite probes CEP1/5/19, CEP2,
CEP3, CEP4, CEP6, CEP7, CEP8, CEP9, CEP10, CEP12, CEP13/21, CEP14/22, CEP15, CEP16, and CEP20
revealed a result of 47,XY,þmar .ish der(2)(D2Zþ)[10]. The sSMC was derived from the a satellite of
chromosome 2. Polymorphic DNA marker analysis using the markers specific for chromosome 2 on the
DNAs extracted from cultured amniocytes and parental bloods excluded uniparental disomy 2. At 39
weeks of gestation, a healthy 3394-g male baby was delivered with no phenotypic abnormality. The cord
blood had a karyotype of 47,XY,þmar[21]/46,XY[19].
Conclusion: Array comparative genomic hybridization and spectral karyotyping may fail to detect an
sSMC derived from a satellite, which needs satellite probes for confirmation.
© 2017 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

We previously report prenatal diagnosis and molecular cyto-
genetic characterization of mosaicism for a small supernumerary
marker chromosome (sSMC) derived from r(2)(p11.1q21.2) with
phenotypic abnormality [1]. Here, we additionally present prenatal
diagnosis and molecular cytogenetic characterization of mosaicism
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for an sSMC derived from centric chromosome 2 with no pheno-
typic abnormality.

Case Report

A 42-year-old woman, gravida 3, para 1, underwent amniocen-
tesis at 17 weeks of gestation because of advanced maternal age.
Amniocentesis revealed a karyotype of 47,XY,þmar[10]/46,XY[12]
(Figure 1). The parental karyotypes were normal. Array compara-
tive genomic hybridization (aCGH) analysis of the DNA extracted
from cultured amniocytes revealed no genomic imbalance. Spectral
karyotyping (SKY) analysis failed to identify the sSMC. Metaphase
fluorescence in situ hybridization analysis using the satellite probes
CEP1/5/19, CEP2, CEP3, CEP4, CEP6, CEP7, CEP8, CEP9, CEP10, CEP12,
CEP13/21, CEP14/22, CEP15, CEP16, and CEP20 (Cytocell, Adderbury,
Oxfordshire, UK) revealed a result of 47,XY,þmar .ish der(2)(D2Zþ)
[10]. The sSMC was derived from the a satellite of chromosome 2
(Figure 2). Polymorphic DNA marker analysis by quantitative fluo-
rescent polymerase chain reaction (QF-PCR) assays using the
informative markers specific for chromosome 2 such as D2S423
(2p25.1) and D2S1325 (2p22.3) on the DNAs extracted from
cultured amniocytes and parental bloods excluded uniparental
disomy (UPD) 2 (Table 1). At 39 weeks of gestation, a healthy 3394-
g male baby was delivered with no phenotypic abnormality. Cy-
togenetic analysis of the cord blood revealed a karyotype of
47,XY,þmar[21]/46,XY[19].

Discussion

Prenatal diagnosis of an sSMC(2) is very rare. The frequency of
the sSMC in prenatal cases is 0.075% comparing with 0.044% in
newborn cases, 0.288% in mentally retarded cases and 0.125% in
subfertile cases [2]. About 72% of the sSMCs are derived from
acrocentric chromosomes with the majority originated from chro-
mosome 15 and the less frequent occurrence from chromosomes
13, 14, 21, and 22, and about 30% of the sSMCs are associated with
euchromatic imbalance [2e4]. To date, at least 18 cases with
Figure 1. A karyotype of 47,XY,þma
prenatally detected sSMC(2) by amniocentesis have been reported
[5]. Most reported cases with the sSMC(2) but without clinical
findings are þder(2)(::p11.2 or p11.1/q11.1 or q11.2 or q12.1::)
or CEP2(þ), however, cases with þder(2)(::p11.2/q11.2::)
or þder(2)(::p11.1/q12.1::) can be associated with phenotypic
abnormality [5]. Therefore, a careful screening of ultrasound ab-
normality and a genetic investigation of UPD 2 are necessary in
cases of prenatally detected centric sSMC(2). Prenatal diagnosis of
an sSMC should requiremolecular cytogenetic investigation such as
fluorescence in situ hybridization, aCGH, SKY, quantitative fluo-
rescent polymerase chain reaction, and multicolor banding to
determine the nature and the mosaic level of the sSMC, and to
exclude UPD and the sSMC-related genetic syndromes such as
Turner syndrome, marker chromosome 15 syndrome, supernu-
merary der(22)t(11;22) syndrome, cat-eye syndrome, der(22)
t(8;22)(q24.1;q11.1) syndrome, isochromosome i(5p) syndrome, 9p
isochromosome syndrome, tetrasomy 15qter syndrome, isochro-
mosome 12p or PallistereKillian syndrome, isochromosome 15q12
syndrome, isochromosome 18p syndrome, derivative-8 syndrome
and derivative-13/21 syndrome [2,6].

The sSMC has been associated with human infertility. Man-
velyan et al [7] found an sSMC rate of 0.125% in patients with
fertility problems and an sSMC rate of 7% in males with decreased
sperm parameters. Manvelyan et al [7] also observed one male
and one female patients with mosaicism for sSMC(2) or
r(2)(::p11.1/q11.2::) and fertility problems. Olszewska et al [8]
suggested a genetic dosage and position effect of sSMC in human
nuclei in infertile male patients. Olszewska et al [8] observed sig-
nificant repositioning of X and Y chromosomes towards the nuclear
periphery and both X and Y chromosomes being close to the sSMC,
and suggested the effect of sSMC/XY colocalization on meiotic
chromosome division and the consequence of abnormal chromo-
some segregation. Armanet et al [4] suggested a gene dosage in-
crease effect as well as mechanical effects perturbing meiosis of
sSMC on human infertility.

In summary, we present prenatal diagnosis and molecular
cytogenetic characterization of mosaicism for an sSMC(2). Our
r. mar ¼ marker chromosome.



Figure 2. Metaphase fluorescence in situ hybridization analysis on cultured amniocytes shows a positive result of CEP2, indicating the marker chromosome is derived from
chromosome 2. (A) A negative result using CEP1/5/19 probe (FITC) and CEP6 (Texas Red) mixture, (B) a negative result using CEP4 probe (Texas Red) and CEP7 (FITC) mixture, (C) a
negative result using CEP8 probe (FITC) and CEP16 (Texas Red) mixture, (D) a negative result using CEP9 probe (FITC) and CEP10 (Texas Red) mixture, (E) a negative result using
CEP12 probe (Texas Red) and CEP13/21 (FITC) mixture, (F) a negative result using CEP14/22 probe (Texas Red) and CEP15 (FITC) mixture, (G) a positive result using CEP2 probe (Texas
Red) and CEP3 (FITC) mixture, and (H) right: a positive result using CEP2 probe (Texas Red) and CEP20 (FITC) mixture and left: the corresponding metaphase G-banding chro-
mosomes. FITC ¼ fluorescein isothiocyanate. The arrow indicates the marker chromosome.

C.-P. Chen et al. / Taiwanese Journal of Obstetrics & Gynecology 56 (2017) 234e237236



Figure 2. (continued).

Table 1
Molecular results using polymorphic DNA markers specific for chromosome 2.

Markers Locus Father Mother Fetus (cultured
amniocytes)

D2S423 2p25.1 127, 127 131, 131 127, 131
D2S1243 2p24.1 150, 150 150, 150 150, 150
D2S1325 2p22.3 125, 129 125, 133 129, 133

Alleles (basepair sizes) are listed below each individual.
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presentation shows that aCGH and SKY may fail to detect an sSMC
derived from a satellite, which needs satellite probes for
confirmation.
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