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Abstract. Small supernumerary marker chromosomes 
(sSMCs) cannot be identified or characterized unambigu-
ously by conventional cytogenetic banding techniques. Until 
recently, the large variety of marker chromosomes, as well as 
the limitations in their identification, have presented a diag-
nostic problem. In order to determine the origin of sSMCs, 
we used a variety of fluorescence in situ hybridization (FISH) 
methods, including centromere-specific multicolor FISH, 
acrocentric specific multicolor FISH, subcentromere-specific 
multicolor FISH and multicolor FISH with whole chromosome 
paint probes. Moreover, uniparental disomy testing was in 
all cases attempted. From a total of 28,000 pre-natal samples 
from four diagnostic genetics laboratories in Greece, 23 
(0.082%) supernumerary marker chromosomes were detected. 
The mean maternal age was 36.2 years (range 27-43) and the 
mean gestational age at which amniocentesis was performed 
was 18.5 weeks (range 16-23). Eighteen markers were de novo 
and 5 markers were inherited. Molecular cytogenetic methods 
were applied to determine the chromosomal origin and compo-
sition of the sSMC. In total, 17 markers were derived from 
acrocentric chromosomes (14, 15, 21 and 22) and 6 markers 
were non-acrocentric, derived from chromosomes 9, 16, 18, 

20 and Y. Uniparental disomy was not detected in any of the 
cases studied. With regard to pregnancy outcome, 13 pregnan-
cies resulted in normal healthy neonates, while 10 pregnancies 
were terminated due to ultrasound abnormalities. A total 
of 23 marker chromosomes from 28,000 pre-natal samples 
(0.082%) were identified. Molecular cytogenetic techniques 
provided valuable information on the chromosomal origin and 
composition of all the sSMCs. Especially in cases with normal 
ultrasound, the FISH results rendered genetic counseling 
possible in a category of cases previously considered a diag-
nostic problem. Abnormal outcome was observed in 10 cases 
(43,5%), 7 of which showed abnormal ultrasound findings. New 
technologies, such as array-comparative genomic hybridiza-
tion, should be used in future genotype-phenotype correlation 
studies, although the high mosaicism rate poses a problem. 

Introduction

Small supernumerary marker chromosomes (sSMCs) are 
structurally abnormal chromosomes, equal in size or smaller 
than chromosome 20, which cannot be identified or characterized 
unambiguously by conventional cytogenetic banding techniques 
(1). These chromosomes are detected in 0.04% of newborn 
children, whereas in developmentally retarded patients the rate 
is 0.22% (1-3). sSMCs are also present in 0.08% of unselected 
pre-natal cases and in 0.20% of pre-natal cases with ultrasound 
abnormalities (2). The large variety of sSMCs, as well as the 
limitations in their cytogenetic identification, have presented a 
diagnostic problem in their interpretation. In general, the risk 
for an abnormal phenotype is approximately 13%, varying 
from 7% when de  novo sSMCs derived from chromosomes 
13, 14, 21 and 22 are encountered, to 28% for non-acrocentric 
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chromosomes ascertained pre-natally (4). Patients with small 
derivatives of chromosome 15 have a normal phenotype, while 
sSMCs derived from chromosomes 13, 21 and 14 also appear to 
have a low risk of abnormalities (5). 

Studies of the cytogenetic and phenotypic effects of sSMCs 
gained a fresh impetus when fluorescence in situ hybridiza-
tion (FISH) was utilized to identify their chromosomal origin 
(6). At present, molecular cytogenetic methods enable precise 
characterization of such chromosomal abnormalities neces-
sary for establishing their genetic risk. Herein, we report the 
pre-natal identification and characterization of 23 sSMCs from 
a series of approximately 28,000 pre-natal samples, which 
were assessed using various multicolor FISH techniques.

Materials and methods

Four diagnostic genetics laboratories in Greece during the 
period of January 2005 until October 2009 detected a total 
of 23 SMCs among ~28,000 diagnostic pre-natal samples. All 
cases were detected in amniotic fluid cultures. In cases with 
mosaicism, the abnormal cell line characterized by the sSMC 
was present in at least two independent cultures. Parental 
chromosome studies were performed in all cases to determine 
if the marker chromosome was inherited or de novo.

FISH analysis was performed according to a procedure 
previously described by Liehr et al (31). Centromere-specific 
multicolor FISH (cenM-FISH) was performed as described 
by Nietzel et al (32), acrocentric specific multicolor FISH 
(acrocenM-FISH) as described by Trifonov et al (33) and 
multicolor FISH with whole chromosome paint (wcp) probes 
was used to determine the origin of the sSMC (1,34). These 
results were confirmed by FISH with centromere-specific 
probes. Identification of euchromatic material was performed 
by subcentromere-specific multicolor FISH (subcenM-FISH) 
(3). Multicolor banding (MCB) was performed according to 
Chudoba et al and Liehr et al (34,35), as well as the appli-
cation of locus specific probes (36). Centromeric probes and 
locus-specific probes were commercially available (Abbott/
Vysis, Kreatech and Q-Biogene). In addition, BAC probes 
derived from BAC-PAC-CHORI were applied in one case. 
The nomenclature of the sSMCs was according to Liehr (37).

Uniparental disomy (UPD) testing was systematically 
carried out using genomic DNA from parental blood lympho-
cytes and amniocytes. DNA was extracted using the QIAamp 
DNA Mini kit (Qiagen Inc., Chatsworth, CA, USA). UPD was 
investigated by parent-to-fetus segregation analysis using a 
panel of six highly polymorphic short tandem repeat (STR) 
markers located along the involved chromosome. UPD was 
considered when at least two informative markers indicated 
the presence of uniparental inheritance and at least five other 
STRs mapping to other chromosomes confirmed paternity 
(38). The PCR products were separated on a fluorescent capil-
lary system (ABI PRISM 310, Foster City, CA, USA) after 
fluorescent PCR using one ABI-dye labeled primer.

Results

A total of 23 marker chromosomes were referred for charac-
terization among ~28,000 diagnostic pre-natal samples. Table I 
summarizes the results of cytogenetic, FISH and UPD studies. 

In all cases, the FISH diagnosis was available in a clinically 
relevant time. The mean maternal age was 36.2 years (range 
27-43) and the mean gestational age at which amniocentesis 
was performed was 18.3 weeks (range 16-23). Eighteen markers 
were de novo and 5 markers were inherited (maternal). Of 
the 5 inherited markers, only one showed mosaicism (case 3, 
Table I) and all these cases had a normal outcome. In total, 17 
markers were derived from acrocentric chromosomes (14, 15, 
21 and 22) and 6 markers were non-acrocentric, derived from 
chromosomes 9, 16, 18, 20 and Y. Termination of pregnancy 
was performed in 9 cases and in 1 case an intrauterine death 
was reported at 21 weeks of gestation (Table I, case 7). In 7 out 
of the 10 cases, abnormal ultrasound findings were reported, 
whereas the 3 remaining cases were due to advanced maternal 
age (without abnormal ultrasound).

Markers derived from chromosome 15. A total of 8 markers 
originated from chromosome 15. Cases 1 and 2 were de novo 
mosaic bisatellited inv dup(15)(q11.1) sSMCs. The pregnancies 
resulted in 2 healthy male infants. Cases 3 and 4 presented a 
maternally inherited bisatellited marker derived from chro-
mosome 15. The marker chromosome consisted exclusively of 
heterochromatic material, inv dup(15)(q11.1); 2 normal male 
infants were born at term. In case 5, the additional marker 
chromosome consisted of heterochromatic and euchromatic 
material and was characterized as inv dup(15)(q11.2) de novo. 
A normal female infant was born at term. The FISH is illus-
trated in Fig. 1A.

Cases 2, 3 and 5 were negative for the Prader-Willi 
syndrome (PWS)/Angelman syndrome (AS) critical region. 
In case 6, the marker contained the PWS/AS critical region, 
inv dup(15)(q14). The marker was de novo and the pregnancy 
was terminated. 

In case 7, the additional marker was characterized as a 
derivative of chromosome 15 with two different variants of 
the derivative, both asymmetric. In the first variant, only one 
centromere-near BAC in 15q11.2 (RP11-307C10) was present, 
and was therefore described as dic(15)(q11.1;q11.2). In the 
second variant, the BAC was not present and the derivative 
chromosome was larger than a simple inv dup(15)(q11.1), and 
was described as dic(15)(q11.1;q11.1~q11.2). This de novo 
marker consisted of heterochromatic and euchromatic mate-
rial and was negative for the chromosome LSI UBE3A/PML 
probe; intrauterine death took place at 21 weeks.

Case 8 was a de novo mosaic marker chromosome deriva-
tive of chromosome 15. The marker chromosome definitely 
contained no alphoid DNA. According to standard theories, 
a neocentric sSMC from the proximal part of a chromosome 
arm should be a ring chromosome. However, a double ring was 
observed, which is unusual for a neocentric ring. By CENP-
antibody analysis, only one centromere was observed on the 
sSMC. The marker consisted of both heterochromatic and 
euchromatic material. A normal female infant was born at term 
and the cytogenetic result was confirmed in blood leukocytes. 

Acrocentric markers not involving chromosome 15. Cases 14 
and 15 (unrelated) were maternally inherited inv dup markers 
derived from chromosome 22. The marker chromosomes 
consisted exclusively of heterochromatic material. Two normal 
male infants were born at term. 
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Cases 16, 17 and 18 represented derivatives of chromosome 
22 [der(22)t(11;22)(q23;q11.2)]. The unrelated mothers were 
carriers of a balanced constitutional t(11;22) translocation and 
the pregnancies were terminated.

Cases 19, 20 and 21 were non-mosaic marker chromosomes 
originating from chromosome 14, and consisted exclusively of 
heterochromatic material, inv dup(14)(q11.1). Cases 19 and 
20 were de novo and case 21 was maternally inherited. Two 
normal males and a normal female infant were born at term. 
Molecular studies showed biparental inheritance of the normal 
chromosome 14 homologues.

Case 23 was a de novo mosaic metacentric marker chromo-
some. The marker was positive with chromosome 21 probes. 
The pregnancy was terminated. The FISH is illustrated in 
Fig. 1B.

Non-acrocentric markers. Cases 9 and 10 were de novo non-
mosaic metacentric marker chromosomes, positive with the 
chromosome 18 probes; the pregnancies were terminated.

Case 11 was a de novo mosaic metacentric marker chromo-
some. FISH with the chromosome 9 paint probe demonstrated 
that the marker was an isochromosome 9p; the pregnancy was 
terminated and the cytogenetic result was confirmed in an 
umbilical cord blood sample. 

Case 12 was a de novo mosaic marker chromosome 
derived from chromosome Y, with 50% of the cells examined 
containing the Y-derived marker, 7% having monosomy X 
(45,X) and the remaining 43% having a normal karyotype 
(46,XY); a normal male infant was born at term. 

Case 13 was a de novo mosaic ring marker chromosome 
derived from chromosome 20. Three distinguishable sSMCs 
(cryptic mosaicism), all derived from chromosome 20, were 
detected, including ring and minute chromosomes. This hetero-
geneity could not be detected by conventional G-banding or 
FISH techniques, but was identified by application of subcenM-
FISH. The sSMC present in 25% of the cells was identified 
as r(20)(::p12.2~12.3->q11.1::)[5]/r(20;20)(::p12.1->q11.1::q11.1-
>p12.1::)[2]/min(20;20)(:p12.1->q11.1::q11.1->p12.1:)[1]. 

  A

  B

Figure 1. (A) M-FISH identifying the sSMC as a der(15) and FISH applying a BAC probe specific for 15q11.2 showing a ring with four signals of this specific 
probe. (B) Wcp probe for chromosome 21 indicating that the sSMC is an i(21)(q). SubcenM-FISH demonstrating that no p-arm material is present on the marker 
chromosome.

https://www.spandidos-publications.com/10.3892/mmr.2010.358
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The patient had normal pre- and postnatal development and 
did not present any unusual phenotypic features (21).

Case 22 was a de novo mosaic centric minute marker chro-
mosome derived from chromosome 16. The marker consisted 
exclusively of heterochromatic material and was characterized 
as min(16)(:p11.1->q11.2:); the pregnancy was terminated due 
to the measurement of increased NT (6.0 mm). 

Discussion

Herein, we report 23 cases of sSMCs detected among 28,000 
pre-natal samples which were characterized in detail for their 
euchromatic centromere-near content and a possible UPD of 
the relevant chromosome. This accounts for a frequency of 
0.88 per 1,000 pre-natal samples, which is consistent with that 
reported by Ferguson-Smith and Yates (7), Hook and Cross 
(11), Warburton (29), Li et al (8), Bartsch et al (9), Huang et al 
(10) and Liehr and Weise (2).

It has been shown that de novo marker chromosomes are 
associated with an increased risk of mental retardation and/
or physical anomalies (1,5,11). Pre-natally ascertained cases 
of sSMC that have arisen de novo are particularly difficult to 
connect clinically to a phenotype. The variable euchromatin 
content poses a great dilemma for genetic counseling when 
a marker chromosome is detected during pre-natal diagnosis, 
as prediction of the pregnancy outcome is difficult. The 
correlation of a specific sSMC with a distinct clinical pheno-
type has been possible for some syndromes, for example the 
i(18p) syndrome, i(12p) Pallister-Killian syndrome (PKS), 
der(22) syndrome and inv dup(22) cat-eye syndrome (4). In 
general, the risk for an abnormal phenotype in pre-natally 
ascertained de novo cases with a sSMC is given as 7% for 
sSMCs from chromosomes 13, 14, 21 and 22, and 28% for the 
non-acrocentric chromosomes (4). Approximately 34% of the 
sSMC cases are correlated with known syndromes (1). PKS 
associated with i(12p) is present in almost 11% and i(18p) 
in approximately 6% of sSMC cases. A derivative chromo-
some 22 [der(22)t(11;22)(q23;q11.2)] represents another almost 
10% of the sSMCs (1). An inv dup(22) chromosome, associ-
ated with the cat eye syndrome, is present in approximately 
7% of the cases with sSMC (2). Cases with inv dup(18) are 
defined as the isochromosome 18p syndrome and represent 
a well-delineated chromosomal syndrome with detrimental 
phenotypic consequences (12-15).

In the present study, it was possible to associate the sSMC 
with a known syndrome in 7 cases; i(9p) syndrome (case 11), 
i(18p) syndrome (cases 9 and 10), der(22) syndrome (cases 16, 
17 and 18) and i(21q) (case 23). 

In case 7, the de novo marker chromosome was described 
as dic(15)(q11.1;q11.1~11.2) and consisted of heterochromatic 
and euchromatic material. It is not clear whether the intra-
uterine death occurred as a result of the sSMC (autopsy not 
performed).

In case 22, with the marker chromosome characterized as 
a centric minute chromosome 16, the mother was referred due 
to advanced maternal age and increased NT (6.0 mm). It is not 
certain whether the increased NT was caused by the sSMC 
(no fetal autopsy).

The dic(15)s in cases 1, 2, 3, 4 and 5 lacked the PWS/
AS chromosomal region, and UPD studies in 4 of the cases 

showed a biparental inheritance of the normal chromosome 
15 homologues. All pregnancies resulted in healthy newborns. 
It is well described that sSMC(15) containing the PWS/AS 
chromosomal region (case 6) is associated with abnormal 
phenotype (6,10,16,17). Patients with sSMC(15) may also exhibit 
uniparental disomy (UPD15), responsible for the presence of 
Prader-Willi or Angelman syndromes in these patients (18-20). 

In case 13, cytogenetic analysis of amniotic cells revealed 
two cell lines (21). The karyotype was 46,XY in 75% of the 
analyzed mitoses, while an additional monocentric chromo-
some (marker) was noted in 25% of the cells [karyotype 
47,XY,+mar(25%)/46,XY(75%)]. The parental karyotypes 
were normal and non-paternity was also excluded. Thus, 
the marker chromosome probably arose de novo. FISH 
analysis using centromere-specific multicolor FISH probes 
showed that the sSMC was present in 25% of the cells 
as a cryptic mosaic (three distinguishable sSMCs, all 
derived from chromosome 20): r(20)(::p12.2~12.3->q11.1::)
[5]/r(20;20)(::p12.1->q11.1::q11.1->p12.1::)[2]/min(20;20)
(:p12.1->q11.1::q11.1->p12.1:)[1]. A normal male infant was 
born and has been followed up to the age of 1 year. Since the 
first report of an sSMC(20) by Callen et al (22), a total of 42 
cases (including the present case) have been described, most 
of them detected post-natally (23). The first two patients with 
r(20) mosaicism detected pre-natally (24) were phenotypically 
and developmentally normal at the age of 20 months. The first 
patient had a ring chromosome containing a small amount of 
euchromatic material, while the second patient was a carrier 
of a small metacentric and most probably heterochromatic 
marker. A similar case was reported by Cotter et al (25), 
with a karyotype of 47,XY,+mar[3]/46,XY[17] reported to 
be phenotypically normal at birth. The fourth case of a pre-
natally detected 46,XY/47,XY,+r(20)/47,XY,+20, showed 
delayed psychomotor development, physical anomalies and 
growth retardation at the age of 16 months (26). Our patient 
had normal pre- and postnatal development up to the age of 
1 year and did not present any of the abnormal phenotypic 
nor ophthalmologic features of the described cases of mosaic 
ring chromosome 20, nor psychomotor delay (27). However, 
further developmental follow-up is warranted.

In cases 16, 17 and 18, cytogenetic analysis showed a 
47,XY,+der(22)t(11;22)(q23;q11.2) karyotype in all the cells 
analyzed, and the phenotypically normal mothers carried the 
t(11;22), which is the most frequently identified reciprocal 
translocation in humans. Carriers of the balanced constitu-
tional t(11;22) are phenotypically normal, but at risk of having 
progeny with the supernumerary der(22)t(11;22) karyotype, 
which includes severe mental retardation (28). This represents 
the resulting 3:1 meiotic segregation with tertiary trisomy, i.e., 
der(22) as the SMC (28). 

In cases 19, 20 and 21, an inv dup(14)(q11.1) was detected 
with biparental inheritance of the normal 14 homologues. In 
the literature, around 15 cytogenetically similar cases have 
been described, which did not show any clinical abnormality. 
Two additional clinically abnormal cases have been reported 
with inv dup(14)(q11.1), one with paternal and one with 
maternal UPD14 (22).

Case 12 carried a Y-derived marker in 50% of amniocytes 
and resulted in a normal male infant. In similar cases, the 
level of mosaicism is directly associated with the phenotypic 
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expression, which may vary from normal male genitalia or 
ambiguous genitalia to Turner syndrome, with an associated 
increased risk of infertility and/or gonadoblastoma (8).

In our study, 5/23 (21.8%) cases were inherited (maternal), 
in comparison to 30% reported previously (2,9,10). With 
regard to mosaicism, our incidence rate was 39% as compared 
to previous large studies indicating that 52% of sSMCs studied 
by cytogenetics are mosaic (Liehr et al, unpublished data). 
The majority of the mosaic cases (7/9) had a normal outcome 
in our series (Table I), but it is generally believed that the 
mosaic state does not alter the clinical outcome (Liehr et al, 
unpublished data). Termination of pregnancy was performed 
in our series in 10/23 cases (43.5%), which is in accordance 
with previous studies (29,30).

In conclusion, molecular cytogenetics combined with other 
molecular studies (UPD) provide valuable information on the 
chromosomal origin and the composition of pre-natal marker 
chromosomes. FISH methods are highly suited for this purpose. 
SMCs have been successfully characterized by wcp, cenM-
FISH, MCB or combined chromosome microdissection and 
reverse FISH approaches. Especially in cases with normal ultra-
sound, the FISH techniques render genetic counseling possible 
when previously they were considered to be a diagnostic 
problem. With new technologies, such as array-comparative 
genomic hybridization, a full characterization of the genetic 
content of the markers should be attempted, and the clinical 
phenotype of markers in specific cases should be described/
predicted. However, sSMCs that occur in a low percentage of 
cells may not be detectable by array-based techniques.

Acknowledgements

This study was supported in part by the Prochance 2008 
(21007091) and Prochance 2009 (210070 104) of the Friedrich 
Schiller University Jena.

References

  1.	L iehr T, Claussen U and Starke H: Small supernumerary marker 
chromosomes (sSMC) in humans. Cytogenet Genome Res 107: 
55-67, 2004.

  2.	Liehr T and Weise A: Frequency of small supernumerary 
marker chromosomes in prenatal, newborn, developmentally 
retarded and infertility diagnostics. Int J Mol Med 19: 719-731, 
2007.

  3.	Starke H, Nietzel A, Weise A, et al: Small supernumerary 
marker chromosomes (SMCs): genotype-phenotype correlation 
and classification. Hum Genet 114: 51-67, 2003.

  4.	Crolla JA, Long F, Rivera H and Dennis NR: FISH and molecular 
study of autosomal supernumerary marker chromosomes 
excluding those derived from chromosomes 15 and 22: I. Results 
of 26 new cases. Am J Med Genet 75: 355-366, 1998.

  5.	Viersbach R, Engels H, Gamerdinger U and Hansmann M: 
Delineation of supernumerary marker chromosomes in 38 
patients. Am J Med Genet 76: 351-358, 1998.

  6.	Blennow E, Annerén G, Bui TH, Berggren E, Asadi E and 
Nordenskjöld M: Characterization of supernumerary ring marker 
chromosomes by fluorescence in situ hybridization (FISH). Am 
J Hum Genet 53: 433-442, 1993.

  7.	 Ferguson-Smith MA and Yates JR: Maternal age specific rates 
for chromosome aberrations and factors influencing them: report 
of a collaborative European study on 52 965 amniocenteses. 
Prenat Diagn 4: 5-44, 1984.

  8.	Li MM, Howard-Peebles PN, Killos LD, Fallon L, Listgarten E 
and Stanley WS: Characterization and clinical implications of 
marker chromosomes identified at prenatal diagnosis. Prenat 
Diagn 20: 138-143, 2000.

  9.	Bartsch O, Loitzsch A, Kozlowski P, Mazauric ML and 
Hickmann  G: Forthy-two supernumerary marker chromosomes 
(SMCs) in 43,273 prenatal samples: chromosomal distribu-
tion, clinical findings, and UPD studies. Eur J Hum Genet 13: 
1192-1204, 2005. 

10.	Huang B, Solomon S, Thangavelu M, Peters K and Bhatt S: 
Supernumerary marker chromosomes detected in 100 000 
prenatal diagnoses: molecular cytogenetic studies and clinical 
significance. Prenat Diagn 26: 1142-1150, 2006.

11.	 Hook EB and Cross PK: Extra structurally abnormal chromosomes 
(ESAC) detected at amniocentesis: frequency in approximately 
75,000 prenatal cytogenetic diagnoses and associations with 
maternal and paternal age. Am J Hum Genet 40: 83-101, 1987.

12.	Singer TS, Kohn G and Yatziv S: Tetrasomy 18p in a child with 
trisomy 18 phenotype. Am J Med Genet 36: 144-147, 1990.

13.	 Yu LC, Williams J III, Wang BB, Vooijs M, Weier HU, 
Sakamoto M and Ying KL: Characterization of i(18p) in prenatal 
diagnosis by fluorescence in situ hybridization. Prenat Diagn 13: 
355-361, 1993.

14.	 Eggermann T, Schubert R, Engels H, Apacik C, 
Stengel‑Rutkowski S, Haefliger C, Emiliani V, Ricagni C and 
Schwanitz G: Formation of supernumerary eucromatic short arm 
isochromosomes: parent and cell stage of origin in new cases 
and review of the literature. Ann Genet 42: 75-80, 1999.

15.	D arnaude MT, Diaz de Bustamante A, Cabello P and Vallcorba I: 
Genetic counselling in a prenatal marker chromosome identified 
as an i(18p) by in situ hybridization. Ann Genet 39: 61-63, 1996.

16.	 Grammatico P, Di Rosa C, Roccella M, Falcolini M, Pelliccia A, 
Roccella F and del Porto G: Inv dup(15): contribution to the 
clinical definition of phenotype. Clin Genet 46: 233-237, 1994.

17.	L eana-Cox J, Jenkins L, Palmer CG, Plattner R, Sheppard L, 
Flejter WL, Zackowski J, Tsien F and Schwartz S: Molecular 
cytogenetic analysis of inv dup(15) chromosomes, using probes 
specific for the Prader-Willi/Angelman syndrome region: clinical 
implications. Am J Hum Genet 54: 748-756, 1994.

18.	 Robinson WP, Wagstaff J, Bernasconi F, Baccichetti C, Artifoni L, 
Franzoni E, Suslak L, Shih LY, Aviv H and Shinzel  AA: 
Uniparental disomy explains the occurrence of the Angelman or 
Prader-Willi syndrome in patients with an additional small inv 
dup(15) chromosome. J Med Genet 30: 756-760, 1993.

19.	 Cheng SD, Spinner NB, Zachai EH and Knoll JH: Cytogenetic 
and molecular characterization of inverted duplicated chromo-
somes 15 from 11 patients. Am J Hum Genet 55: 753-759, 1994.

20.	Bettio D, Rizzi N, Giradino D, Gurrieri F, Silvestri G, Grugni G 
and Larizza L: FISH characterization of small supernumerary 
marker chromosomes in two Prader-Willi patients. Am J Med 
Genet 68: 99-104, 1997.

21.	K itsiou-Tzeli S, Manolakos E, Lagou M, Anagnostopoulou K , 
Kontodiou M, Kosyakova N, Ewers E, Weise A, Garas A, Orru S, 
Liehr T and Metaxotou A: Characterization of a prenatally 
assessed de novo supernumerary minute ring chromosome 20 in 
a phenotypically normal male. Mol Cytogenet 2: 8, 2009.

22.	Callen DF, Eyre HJ, Ringenbergs ML, Freemantle CJ, 
Woodroffe P and Haan EA: Chromosomal origin of small ring 
marker chromosomes in man: characterization by molecular 
genetics. Am J Hum Genet 48: 769-782, 1991. 

23.	Liehr T: sSMC homepage for chromosome 20. http://www.med.
uni-jena.de/fish/sSMC/20.htm. May 2009.

24.	Viersbach R, Engels H and Schwanitz G: Identification of super-
numerary der(20) chromosomes by FISH in three patients. Am J 
Med Genet 70: 278-283, 1997.

25.	 Cotter PD, Drexler K, Corley AL, Covert SM, Moland JS, Govberg 
IJ and Norton ME: Prenatal diagnosis of minute supernumerary 
marker chromosomes. Gynecol Obstet Invest 60: 27-38, 2005.

26.	Batista DA, Escallon C, Blakemore KJ and Stetten G: An 
accessory marker derived from chromosome 20 and its co-ex-
istence with a mosaic trisomy 20 cell line. Prenat Diagn 15: 
123-127, 1995.

27.	 Pinto MR, Fonseca e Silva ML, Aguiar J, Quelhas I and 
Lima MR: Supernumerary ring chromosome 20 in a mother and 
her child. Am J Med Genet 133A: 193-196, 2005.

28.	Shaikh TH, Budarf ML, Celle L, Zackai EH and Emanuel BS: 
Clustered 11q23 and 22q11 breakpoints and 3:1 meiotic malseg-
regation in multiple unrelated t(11;22) families. Am J Hum Genet 
65: 1595-1607, 1999.

29.	 Warburton D: De novo balanced chromosome rearrangements 
and extra marker chromosomes identified at prenatal diagnosis: 
clinical significance and distribution of breakpoints. Am J Hum 
Genet 49: 995-1013, 1991.

https://www.spandidos-publications.com/10.3892/mmr.2010.358


manolakos et al:  Characterization of supernumerary marker chromosomes1022

30.	Kumar C, Kleyman SM, Samonte RV and Verma RS: Marker 
chromosomes in fetal loss. Hum Reprod 12: 1321-1324, 1997.

31.	L iehr T, Grehl H and Rautenstrauss B: Fish analysis of inter-
phase nuclei extracted from paraffin-embedded tissue. Trends 
Genet 11: 377-378, 1995.

32.	Nietzel A, Rocchi M, Starke H, Heller A, Fiedler W, 
Wlodarska I, Loncarevic IF, Beensen V, Claussen U and Liehr T: 
A new multicolor-FISH approach, for the characterization of 
marker chromosomes: centromere-specific multicolor-FISH 
(cenM-FISH). Hum Genet 108: 199-204, 2001.

33.	 Trifonov V, Seidel J, Starke H, Martina P, Beensen V and 
Ziegler M: 13 p-arm hiding a cryptic partial trisomy 6p22.2-pter. 
Prenat Diagn 23: 427-430, 2003.

34.	Chudoba I, Plesch A, Lörch T, Lemke J, Claussen U and 
Senger G: High resolution multicolor-banding: a new technique 
for refined FISH analysis of human chromosomes. Cytogenet 
Cell Genet 84: 156-160, 1999.

35.	L iehr T, Heller A, Starke H, Rubtsov N,Trifonov V, Mrasek K, 
Weise A, Kuechler A and Claussen U: Microdissection based 
high resolution multicolor banding for all 24 human chromo-
somes. Int J Mol Med 9: 335-339, 2002.

36.	Weise A, Starke H, Heller A, Tonnies H, Volleth M, Stumm M, 
Gabriele S, Nietzel A, Claussen U and Liehr T: Chromosome 
2 aberrations in clinical cases characterised by high resolution 
multicolour banding and region specific FISH probes. J Med 
Genet 39: 434-439, 2002.

37.	L iehr T: Small supernumerary marker chromosomes (sSMC): 
a spotlight on some nomenclature problems. J Histochem 
Cytochem 57: 991-993, 2009.

38.	Shaffer LG, Agan N, Goldberg JD, Ledbetter DH, Longshore JW 
and Cassidy SB: American College of Medical Genetics 
statement of diagnostic testing for uniparental disomy. Genet 
Med 3: 206-211, 2001.


