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Abstract  

Background: Small supernumerary marker chromosomes (sSMC) are structurally abnormal 

chromosomes, and their characterization exclusively by banding cytogenetics is almost 

impossible. Multicolor fluorescence in situ hybridization approaches for their characterization 

are effective but expensive and time-consuming. Recently, the application of molecular 

karyotyping has resulted in improving the characterization of sSMC. Methods: Molecular 

karyotyping was used for the identification of a sSMC in this study. Results: In this case report, 

a fetus with a SMC derived from chromosome 11 is described. Conclusions: Molecular 

karyotyping is suited for sSMC characterization of prenatal cases. The obtained molecular data 

can directly be used to compare the actual case with data from the literature available on 

http://ssmc-tl.com/sSMC.html.  
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1. Introduction 

Small supernumerary marker chromosomes (sSMCs) are structurally abnormal chromosomes, 

and they are equal in size or smaller than the chromosome 20 of the same metaphase spread [1]. 

The incidence of sSMCs has been estimated to be 0.075% - 1.5% in prenatal diagnosis [2]. The 

heterogeneous group of sSMCs presents a serious genetic counseling problem, especially if they are 

present de novo, being in a mosaic condition and diagnosed prenatally, as the risk of clinical 

consequences is not easy to be predicted.  

Genetic characterization of an sSMC only by banding cytogenetics is almost impossible. 

Approaches for its characterization such as sophisticated multicolor fluorescence in situ 

hybridization (mFISH) approaches or microdissection followed by reverse FISH are effective but 

time-consuming [3]. FISH based identification of sSMCs shows approximately 50% to be derived 

from chromosome 15, for which there is a well-established genotype-phenotype correlation [4, 5]. 

However, for most other sSMCs genotype-phenotype correlations are still only rudimentary [5]. 

Recently, the application of Chromosomal Microarray Analysis (CMA) was introduced in to routine 

characterization of sSMCs.  

Here, a case of an sSMC is described, which was identified prenatally due to advanced maternal 

age. It turned out to be derived from chromosome 11 and it is compared with previously reported 

cases from literature.  

2. Materials and Methods 

Fetal DNA was extracted directly using the Instagene Matrix resin (Bio-Rad Laboratories). 

Quantitative fluorescent polymerase chain reaction analysis was performed using polymorphic 

short tandem repeat markers specific for chromosomes 13, 18, 21, X and Y. The PCR fragments were 

separated in an 8% denaturing polyacrylamide gel electrophoresis on an ALFexpress II DNA 
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sequencer (Amersham Parmacia Biotech) and analyzed using Fragment Analysis software 

(Amersham).  

CMA was carried out on DNA extracted from fresh amniotic fluid of 15 weeks of gestation (w.o.g.) 

according to standard procedures. CMA was carried out using oligonucleotide aCGH platforms 

(Agilent technologies, Santa Clara, CA) using an 80 Kb resolution array (kit 60k) as described 

elsewhere [6]. The reference DNA was of male gender. The statistical test used as a parameter to 

estimate the number of copies was ADM-2 (provided by the DNA analytics software, Agilent 

Technologies) with a window of 0.5 Mb and a threshold of 6. Only those copy number changes that 

affected at least 5 consecutive probes with identically oriented change were considered as copy 

number variations. Consequently, for most of the genome, the average resolution of this analysis 

was 200 kb. The position of oligomers refers to the human genome assembly February 2009 

(GRCh37/hg19). The Decipher (http://decipher.sanger.ac.uk/application) and Ecaruca 

(http://agserver01.azn.nl:8080/ecaruca.jsp) databases were used as additional resources. The 

study was performed with respect to the ethical standards of the Declaration of Helsinki, as revised 

in 2008.  

3. Results 

A 39-year-old female was referred for prenatal diagnosis due to advanced maternal age. The 

family history was unremarkable. Fetal ultrasound examinations at 11, 13 and 15 w.o.g. showed no 

abnormalities. Nuchal translucency at 13 w.o.g. was 1.9 mm with a calculated Down syndrome risk 

of 1/1,150.  

Chorionic villus sampling (CVS) was performed after parental request due to maternal anxiety at 

13 w.o.g. Normal disomic results were obtained for chromosomes 13, 18, 21 and X in quantitative 

fluorescent polymerase chain reaction test (results not shown).  

After cell culture chromosomes prepared from CVS revealed in GTG banding (300 – 400 bands) 

an sSMC being present in two independent cultures [fetal karyotype according to ISNC 2016: 

47,XY,+mar/46,XY [7]]. Parental peripheral blood samples analyses revealed normal karyotypes.  

At 15 w.o.g. an amniocentesis was performed and the previous result was confirmed: the fetal 

karyotype was 47, XY,+mar (dn)/46,XY (Figure 1).  

 

Figure 1 GTG banding of metaphase chromosomes from the amniotic fluid of the fetus. 
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To characterize the origin and the genetic content of the de novo sSMC, CMA was carried out 

using DNA derived from fresh amnion sample. A 25.85 Mb duplication chromosome 11 spanning 

11p14 to 11q12.1 (positions 30,796,545 to 56,649,983) was identified (Figure 2). According to 

http://ssmc-tl.com/sSMC.html (Accessed: 24/06/2018) the de novo sSMC [11] spans the critical 

region of sSMCs [11] with a possible phenotypic effect.  

 

Figure 2 Graph of the array-CGH of chromosome 11.  

After genetic counseling, the parents decided to terminate the pregnancy at 18 w.o.g. A small 

tissue sample was used for culture preparation. Again a karyotype of 47,XY,+mar (dn)/46,XY was 

found. Autopsy showed a female fetus, too small for its gestational age, with oval face, low-set ears 

and long philtrum. No other pathological findings were detected in the other organs. The 

histological examination of the placenta showed immature and dysmorphic villi. 

4. Discussion 

sSMCs are a major clinical problem in prenatal genetic diagnosis and counseling. Their detailed 

characterization is required to establish reliable genotype-phenotype correlations in future. At 

present it is known that in de novo sSMCs, the overall risk for an abnormal phenotype ranges 

between 14% and 30% depending on the genetic content of the sSMC [5, 8, 9, 10]. Moreover, if high 

resolution ultrasound studies are normal, this risk decreases to 18% [9]. The models of how de novo 

sSMC could be formed are based in part on the coexistence of uniparental disomy and sSMC, and 

on the observation that sSMC could be evolved due to incomplete trisomic rescue. One or 

combination of these models happen as a result of the de novo sSMC formation during 

gametogenesis or embryogenesis [11]. It is important to note that conventional cytogenetic 

techniques are not sufficient to characterize almost all sSMCs.  

In recent years the utility of chromosomal microarray analysis and FISH techniques have been 

found helpful in correlating the genotype with the phenotype of a patient [12, 13]. Genotype 

phenotype correlation of sSMCs is partially hindered e.g. by the influence of mosaicism in different 

tissues and the complexity of sSMC uniparental disomy [14, 15].  

According to the literature [16], there are only 40 sSMC cases derived from chromosome 11 

(sSMC [11]) reported yet. Eight sSMC [11] were without and 10 cases with clinical findings, while in 

20 cases there was no or unclear clinical correlation. Also, there are 2 cases with neocentromeres. 

Most of the cases with clinical findings include hypotonia, dysmorphic face, developmental delay 
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and brain malformations [16]. At the present case the fetus was small, possibly due to in utero 

growth retardation, and it had dysmorphic facial features, as the pregnancy was terminated at 18 

w.o.g. its contribution for genotype-phenotype correlation may be only minor. Still it is obvious that 

partial trisomy including chr11:30,796,545-56,649,983 leads to clinical adverse effects. However, 

according to [16] the region 11q12.1, being trisomic due to sSMC presence is not leading to any 

clinical problems. Thus, only cases with interstitial duplication of 11p14 to 11p11.2 and clinical signs 

can be compared to the present case. Palutke et al. (1980) reported a female patient with a dup 

[11](p12p14) with abnormal eye movements, ventricular septal defect and dysmorphic features [17]. 

Also there are 4 cases with dup [11](p11.3p11.3) with variant clinical features, like macular 

dysfunction, cleft lip and palate and developmental delay [18], mentally retardation but no other 

remarkable dysmorphic characteristics [19, 20], or features invoking Silver-Russell syndrome [21].  

The genes being duplicated due to sSMC presence in this case might have had severe effects at 

the postnatal life. However, only three genes in the duplicated region were specifically correlated 

with abnormalities when being upregulated. These are ALX4, CELF1 and Pax6. The first is correlated 

with craniosynostosis, a condition describing the early fusion of one or more sutures of the infant 

skull [22], while the second is linked with myotonic dystrophy type 1 [23, 24], a muscle disease 

characterized by various degrees of muscle weakness, arrhythmia and/or cardiac conduction 

disorders, cataract, endocrine damage, sleep disorders and baldness. Pax6, a transcription factor 

which plays role in the eye [reviewed in [25]], pancreas [reviewed in [26]], olfactory system 

[reviewed in [27]] and cortex development [reviewed in [28]] was found to be duplicated in a girl 

with seizures, developmental delay, microcephaly and minor ocular findings, while her optical nerve, 

macula, and retinal vessels were normal [29]. Another study correlated an 11p13-12 tandem 

duplication found in a girl with borderline developmental delay, mild facial anomalies and eye 

abnormalities including the Pax6 gene [30].  

According to autopsy, the examined fetus appeared to be small for its gestational age. The genes 

CREB3L1, LRP4, SLC39A13 contribute to normal growth, as homozygous deficient mice for these 

genes exhibited growth retardation and bone deformities [31, 32, 33]. Despite these findings, it 

remains to be elucidated if the genes in the duplicated region have the same dosage effects if they 

are present trisomic due to a mosaic sSMC, a tandem duplication, or a duplication inserted 

elsewhere, having position effects. Although, the fetus, with the largest sSMC [11] is reported here, 

had a mild phenotype, we propose that the mild phenotype might be attributed to the mosaicism 

of the sSMC.  

5. Conclusions 

As the minute sSMC [11] reported here was present only in 10-15% mosaic state, aCGH could 

also easily have failed to characterize its origin [34]. Thus, molecular cytogenetics and molecular 

karyotyping are powerful tools for sSMC characterization. Both can contribute to genotype 

phenotype correlations. Overall, application of a straightforward diagnostic scheme to characterize 

an sSMC’s chromosomal origin and content to be able to compare with data from the literature [35] 

is imperative, especially in prenatal sSMC cases. 
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