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Abstract A small supernumerary marker chromosome (sSMC) is a structurally abnormal chromosome. It is an

~ additional chromosome smaller than one chromosome most often lacking a distinct banding pattern and
is rarely identifiable by conventional banding cytogenetic analysis. The origin and composition of an sSMC
is recognizable by molecular cytogenetic analysis. These sSSMCs are seen in different shapes, including the
ring, centric minute, and inverted duplication shapes. The effects of sSSMCs on the phenotype depend on
factors such as size, genetic content, and the level of the mosaicism. The presence of an sSSMC causes partial
tris- or tetrasomy, and 70% of the sSMC carriers are clinically normal, while 30% are abnormal in some way.
In 70% of the cases the sSMC is de novo, in 20% it is inherited from the mother, and in 10% it is inherited
from the father. An sSSMC can be causative for specific syndromes such as Emanuel, Pallister-Killian, or cat
eye syndromes. There may be more specific sSSMC-related syndromes, which may be identified by further
investigation. These 10 syndromes can be useful for genetic counseling after further study.
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INTRODUCTION content of 46 chromosomes, are considered as an

extra chromosome or an sSMC, and are usually
A marker chromosome, abbreviated as mar by equal to or smaller in size than a chromosome
ISCN 2013, is a structurally abnormal chromosome. 20 of the same metaphase spread. Also, the sSMC
Such marker chromo.somes are mginly detected  may replace one of the 46 normal chromosomes,
by conventional banding cytogenetics.” They are  either an X or a Y chromosome. Around 3 million
usually present in addition to the normal cytogenetic ~ humans in a population of 7 billion are sSMC

carriers, and sSMCs can originate from any human

Access this article online chromosomes (22 pairs of autosomes and 2 sex

Quick Response Code: chromosomes).® The origin of an sSMC can only be
Website: diagnosed by molecular cytogenetic methods such

www.advbiores.net as the fluorescence in situ hybridization (FISH)

technique.™ The first sSSMC was observed in

DOI: 1961 by Ilberry et al. Karyotype patient was 47,

10.4103/2277-9175.161542 XY,+mar/46, XY and the origin of the sSMC was

never determined.
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The sSMC frequency in newborn cases is 0.044%, in
prenatal cases 0.075%, in mentally retarded cases
0.288%, and in subfertile cases 0.125%.

The effects of an sSMC depend on its size, genetic
content, and degree of mosaicism.?' Uniparental
disomy of the sSMC’s sister chromosomes could be
effective as well.®

Studies by Buckton et al. indicated that about 86%
of the SMCs were derived from the acrocentric
chromosomes. The majority of sSMCs (65%) originated
from chromosome 15, while sSMCs derived from
chromosomes 13, 14, 21, and 22 constitute only 7%."

About 70% of the cases are new mutations (de novo),
and 30% segregate within a family. Familial sSMCs
in general have little or no effect on the phenotype.™
If one parent has the same marker as the fetus does,
there are usually no problems. The parent’s normal
development suggests that the extra genetic material
is silent. If neither of the parents has the sSMC,
there could be some extra active genetic information
present.®% Considering that the frequency of sSMCs is
very low and they mainly produce de novo mutations,
sSMCs already seen more frequently and associated
with specific syndromes are reviewed in this paper
to help further clear up doubts concerning markers
in genome patients with these signs of phenotypic
syndromes and to do complementary tests in this area.

SYNDROMES

Turner syndrome

Female patients with Turner syndvome that have a mavker
chromosome oviginating from X or Y chromosome

Tivrner syndrome patient with 45, X/46, X, +mar (X)

Ifthe so-called XIST gene (X-inactive specific transcript)
is present in the sSMC, the latter X chromosome is most
likely genetically inactive. If the XIST gene is absent
but other euchromatin is present in addition to Turner
syndrome characteristics, these patients may have
mental retardation, soft tissue syndactyly, or abnormal
faces.®®! These patients have a variable phenotype,
ranging from the moderate “classic” Turner syndrome
to anencephaly, complex heart deformity, agenesis of
the corpus callosum, and syndactyly of the toes.[”

Tivrner syndrome patient with 45, X/46, X, +mar (Y)

In case Turner syndrome is due to an erroneous
rescue event of an original 46, XY karyotype, it
is important to counsel the patient on the risk of
gonadoblastoma.®

Marker chromosome 15 syndrome
Chromosome region 15q11q13, known for its instability,
is susceptible to genomic rearrangements, such as

2

supernumerary marker chromosomes (SMCs) created
by the inverted duplication of proximal chromosome15.
Inv dup (30) results in tetrasomy 15p and partial
tetrasomy 15q.®! Marker chromosome 15 syndrome
was explained for the first time in England in 1974 by
Watson and Gordon.” Two types of inv dup (15) marker
chromosomes have been identified, with different
phenotypic features.['%™ The first type is a metacentric
or submetacentric and heterochromatic chromosome,
not including the Prader-Willi Syndrome/Angelman
Syndrome (PWS/AS) critical region (PWS/ASCR),
and the cytogenetic description is dic (15)(ql1). The
second type of inv dup (15) includes PWS/ASCR and
has 15q euchromatin, and the cytogenetic description
is dic (15)(q12 or q13). The majority of dic (15)(q12
or ql3) arises from the two homologous maternal
chromosomes at meiosis and is associated with
increased average maternal age at gestation."?!% The
inv dup (15) or isodicentric (15) syndrome shows clinical
findings demonstrated by early central hypotonia,
developmental delay and intellectual disability,
epilepsy, and autistic behavior. Autistic behavior is
determined by the absence of community interaction,
the earliest type of recognition, stereotypies, missing
or very bad echolalic language, limited conception, and
poor attempt to speak. Developmental delay and
intellectual disability affect all individuals with inv
dup (15) and are usually moderate to profound.[>!4

Emanuel syndrome

Emanuel syndrome (ES), which is also known as
derivative 22 syndrome, derivative 11;22 syndrome,
partial trisomy 11;22, or supernumerary der (22)
t (11;22) syndrome is an inherited chromosomal
abnormality syndrome that usually results from
a 3:1 meiotic segregation of a parental balanced
translocation between chromosomes 11 and 22. This
translocation is the most common recurrent reciprocal
translocation in humans."'% Nine percent of SMCs
are derived from chromosome 22."" This chromosome
abnormality consists of a derivative chromosome
22 [der (22)] as a supernumerary chromosome with
the following karyotype: 47, XX,+der (22) t (11;22)
(g23;q11) in females or 47, XY,+der (22) t (11;22)
(q23;q11) in males.*8 The breakpoints of the t (11;22)
translocation are within palindromic AT-rich repeats
on chromosomes 11 and 22 and makes hairpin/
cruciform structures mediate double-strand breaks
in meiosis. As a result of these breaks, recombination
between 11923 and 22ql1 results in recurrent
translocation.™ This syndrome is rare with reported
cases of around 100. Male and female balanced
carriers have 0.7% and 3.7% risk, respectively, of
having children with supernumerary der (22).2%
Carriers are usually determined to follow examination
for multiple miscarriages, infertility, or after the
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birth of an infant with ES.1'® Patients with ES
have a specific phenotype comprising characteristic
facial dysmorphism including prominent forehead,
epicanthal folds, downslanting palpebral fissures,
broad and flat nasal bridge, long and pronounced
philtrum, abnormal auricles ranging from microtia
to large ears often associated with a preauricular
ear pit and/or skin tags, microcephaly, severe mental
retardation, developmental delay, renal anomalies,
congenital cardiac defects, and genital anomalies
in boys. Oral findings are generally micrognathia,
cleft, or high-arched palate.'® The vast majority of
children with ES have global developmental delay
and intellectual disability. While most children
do not independently ambulate, over 70% of the
subjects eventually learn to walk with support.
Expressive language is significantly impaired, with
rudimentary speech acquisition in only 20%.?" The
most important differential diagnosis of ES is cat
eye syndrome (CES). CES generally derives from
partial tetrasomy 22. Iris coloboma, however, which
is a cardinal feature of CES, is not reported in ES.
Unlike with ES, the majority of individuals with CES
have mild or no intellectual impairment.'??! Clinical
tests such as chromosomal analysis, FISH technique,
whole chromosome paint (WCP), array genomic
hybridization (AGH), or multiplex ligation-dependent
probe amplification (MLPA) assay can be performed
for the ES diagnosis.”?® The highest mortality is within
the first few months of life. While the exact mortality
rate in ES is unknown, if the patient survives the
infancy period long-term, survival is possible.?! In
terms of genetic counseling for affected families, the
following two issues are important. First, when one
parent is a carrier of t (11;22), future pregnancies
are at an increased risk for ES, balanced t (11;22),
therefore prenatal cytogenetic testing should be
performed in future pregnancies. Second, carrier
testing of the unaffected siblings should be performed
when they have reached adulthood and are able to
understand the reproductive implications of being a
carrier.n®

Cat eye syndrome

Classical CES, also known as Schmid-Fraccaro
syndrome, is a rare developmental disorder in
humans and is associated with the presence of a
bisatellite-dicentric small inv dup (22) SMC. Thus,
patients with CES usually have a partial tetrasomy
of a region that involves the entire short arm of
chromosome 22 (p) plus part of its long arm (q), as
far as band 11.24%! This band includes regions of low
copy repeats (LCRs), which mediate meiotic unequal
nonallelic homologous recombination events, resulting
in rearrangements including the marker chromosome
observed in CES.?% A very large subset of SMCs is
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derived from the human chromosome 22 and usually
confers tri- or tetrasomy for the proximal part of
the long arm of chromosome 22 (the proximal 2Mb
of chromosome 22q) that known as CES critical
region (CESCR).?7 Different SMCs containing the
CESCR have been identified, including the typical
bisatellite small and larger CES chromosomes and
small ring-like SMCs (22).2428 The CES chromosomes
are classified into two types, according to the location
of the required two breakpoints, to generate them
within LCR22: (type I) small CES chromosomes
that are symmetrical with both breakpoints located
within the proximal interval and (type II) large CES
chromosomes that are either asymmetrical (type IIa)
with one breakpoint located in each of the two
intervals, or symmetrical (type IIb) with both
breakpoints located in the distal interval.*®! Clinically,
the features of CES include ocular colobomata, anal
atresia, congenital heart defects, renal malformations,
craniofacial anomalies (e.g., preauricular skin tags
and pits), male genital anomalies, skeletal defects,
and borderline to moderate mental retardation.® The
SMC derived from chromosome 22 can be different
in molecular size, based on the LCRs in the ql11
region where the rearrangement occurs.®% The CES
phenotype is variable and no correlation has yet
been recognized between CES phenotypes and the
supernumerary region.?32!

Der(22)t(8;22)(q24.1;q11.1) syndrome

One of the smallest subgroups of sSMC’s is complex
marker chromosomes."®¥ This type of sSMC consists
of chromosomal material derived from more than
one chromosome.?* The der (22) t (8;22)(q24.1;q11.1)
chromosome was identified as a recurrent complex
sSMC in 2010. As in ES, a 3:1 meiotic nondisjunction
is causative for the creation of the related sSMC
in the offspring of t (8;22)(q24.1;q11.1) carriers.
Nondisjunction of the t (8;22) occurs during both
male and female meiosis.®® The breakpoints at
8q24.1 and 22q11.2 occur in palindromic AT-rich
repeats (PATRRs) The PATRR on chromosome
22 has been identified as a hotspot for translocation
breakpoints.®® The 8q24 PATRR is flanked by two
highly homologous Alu repeats that are in an inverted
orientation with respect to one another. These Alu
elements may also contribute to the formation of
hairpin or cruciform structures.®® Sheridan et al.
described multiple individuals with balanced and
unbalanced forms of the t (8;22) (q24.13;q11.2).
The phenotype in patients with der (22) t (8;22)
(q24.1;q11.1) syndrome is characterized by extremity
anomalies, mild dysmorphia, and intellectual
impairment. This phenotype is in contrast to the
observed severe phenotype in patients with ES.2Y
Thus, the incidence of t (8;22) may be determined to
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be lower than the reasons of nonspecific phenotype in
the affected offspring.

Isochromosome i (5p)

Tetrasomy of chromosome 5p is associated with clinical
symptoms. In most reported cases, there has been
mosaicism for an i (5)(p10) marker chromosome.?74!
The significant phenotypic findings in all or most of the
reported cases include hypotonia, developmental delay
of varying severity, psychomotor retardation, seizures,
and mosaic pigmentary changes of the skin. All had
poor growth, with length or height between the 34 and
5% centiles. Other findings include various dysmorphic
facial features, clinodactyly, overlapping toes, and
abnormal palmar creases. Other characteristics are
variable among the patients and attributed as a result
of variation in the presence and level of mosaicism
of the marker chromosome in affected tissue.“*" In
addition, i (5p) was identified as a novel abnormality
in ovarian cancer.”*? Isochromosome i (5p) is also a
frequent finding in bladder cancer and carcinomas of
the cervix uteri, but it has been rarely described in
breast cancer.! 344

9p isochromosome

9p isochromosome is a rare disorder. Duplication of
the short arm of chromosome 9 is caused by meiosis
II nondisjunction followed by rearrangements.? The
first case of tetrasomy 9p was described by Ghymers
et al. in 1973.16! Up till now at least 30 cases have
been reported.’%?1 Based on the nature of the
isochromosome, tetrasomy 9p cases can be grouped into
three types: ! In the first type of case, breakpoint is at
10p without any portion of the long arm of chromosome
9. In the second type of case, the isochromosome
includes a small amount of the heterochromatic region
of 9q, extending to 9q12 or 9q13. In the third type of
case, the isochromosome included a larger portion of
the long arm of chromosome 9 extending to 9921 or
9q22. Features of tetrasomy 9p were characteristic
facial appearances with hypertelorism, broad nasal
root or bulbous/beaked nose, cleft lip or palate, ear
anomalies, and micrognathia. Other frequent clinical
features include developmental delay, central nervous
system anomaly, limb defects, postnatal growth
failure, congenital heart disease, small gestational
age, renal anomalies, wide sutures/large fontanel,
and short neck/excess nuchal skin."? One third of the
reported cases showed the mosaicism of tetrasomy 9p
in a tissue-limiting manner, which is one cause of wide
variety of phenotype. Some cases with tetrasomy
9p mosaicism are mimicking Klinefelter syndrome
phenotype.®%] These cases indicate the possibility
of testicular hypofunction and urogenital anomalies
induced by the overexpression of some genes on
chromosome 9p.

Isochromosome 18p syndrome

Isochromosome 18p syndrome or tetrasomy 18p is a
rare cytogenetic abnormality.?® Froland et al. described
a person with isochromosome 18p syndrome for the
first time in 1963.°" The presence of a supernumerary
isochromosome 18p results in tetrasomy 18p. This
type of isochromosome is one of the most common
isochromosomes observed in humans.®® Tetrasomy
18p occurs in one out of 180000 live-born children,®”
affecting males and females equally. Isochromosome
18p syndrome is often the result of de novo events,
commonly an abnormal division of chromosome 18,
during the formation of an egg or sperm cell, although
familial cases have been also described."5 For most
of the familial cases of tetrasomy 18p, the origin of
i(18p) is maternal.’®! Maternal age is considered a risk
factor. Boyle et al. reported a family with two maternal
half-sisters who had tetrasomy 18p. The karyotype
result and FISH analysis for the mother revealed only
normal diploid cells.’®” Clinical characteristics include
moderate severe mental retardation, microcephaly,
hypertonia, typical dysmorphic features, and other
anomalies.

Tetrasomy 15qter syndrome (neocentric sSSMC)

The neocentric marker chromosome constitutes the
second smallest group of marker chromosome amongst
reported patients with sSMC.®!

Newly derived centromeres (or neocentromeres) are
carried by neocentric (also called analphoid) markers.
A neocentric sSMC is related with an adverse clinical
outcome in 90% of patients.®® Nonetheless, in 10% of
the cases, mild symptoms can be present in a carrier
of a neocentric sSMC.% Kuechler et al. reported on
an 11-year-old girl. Clinical symptoms were muscular
hypotonia, body asymmetry, a severe progressive
idiopathic thoracolumbal scoliosis, slenderness, and
mostly cold hands and feet, but no long fingers/toes.
Chromosome analyses showed a mosaic karyotype
with a SMC in one and a normal karyotype in the
other cell line. Molecular cytogenetic studies could
characterize the marker as an analphoid chromosome
that derives from the distal part of chromosome 15q,
including an inverted duplication of (15)(q24-qter).
Array comparative genomic hybridization (CGH)
analysis did not detect the imbalance marker, due
to the low percentage of cells containing the sSMC.
Tetrasomy 15qter was first described by Blennow
et al.,* and it is a rare condition. To our knowledge,
only 10 cases have been published up till now). In each
of the cases, the tetrasomy caused by an analphoid
SMC and nine out of 10 cases were mosaics. Although
breakpoints (located between 15q23-qter and
15926-qter) and mosaic status differed, all described
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patients had the same features: Mental retardation,
overgrowth, and body asymmetry craniofacial
dysmorphism.®4

Pallister-Killian syndrome

Pallister-Killian syndrome (PKS) is a multisystem
sporadic genetic disorder usually characterized by
mosaic tetrasomy of isochromosome 12p detected in
cultured fibroblast cells. PKS is defined by hypotonia
developmental delay facial anomalies and intellectual
impairment, pigmentary skin differences, hearing
loss, seizures, diaphragmatic hernia congenital
heart defects, and other systemic abnormalities.
PKS is commonly caused by the supernumerary
isochromosome consisting of the short arms of
chromosome 12 that result in tetrasomy 12p. Kosuke
has identified a woman with PKS who has two
small de novo interstitial duplications of 12p. This
region defines a minimum critical region that, when
duplicated, generates many of phenotypes of PKS.
This PKS critical region contains the critical gene or
genes responsible for this diagnosis when present in
greater than two copies.[®>5%! Cytogenetic analysis in a
girl with multiple congenital anomalies showing PKS
indicated a SMC in 34 out of 75 fibroblast metaphases
and one out of 76 lymphocytes. GTG-banding
pattern was revealed in the chromosomal region
12pter-12q11. While FISH, with a whole chromosome
12 painting probe resolute, a chromosome 12 specific
a-satellite probe did not hybridize to it. A specific
subtelomeric probe 12p indicated hybridization to
both ends of the marker chromosome with FISH
analysis.!"

CONCLUSION AND OUTLOOK

Here, we showed that a subset of sSMC can be
directly correlated with a specific syndrome. The
phenotypes of patients are connected with the
origin, composition, level of the mosaicism, and/or
uniparental disomy arising in connection with sSMC
presence. As der (13 or 21) t (13 or 21;18) syndrome
was just recently identified, it is likely that more
sSMC-related syndromes will be identified in near
future. For the detection of these markers and their
origin, karyotyping, FISH technique, and array CGH
tests could be simultaneously performed.

ACKNOWLEDGMENTS
This project was designed and edited by Dr. Thomas Leihr.
The authors would like to thank him for assisting them in
writing this review article.

REFERENCES

1. Lasan Trci¢ R, Hitrec V, Letica L, Cuk M, Begovi¢ D. Small supernumerary

Advanced Biomedical Research | 2015

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

marker chromosome derived from proximal p-arm of chromosome
2: ldentification by fluorescent in situ hybridization. Croat Med J
2003:44:477-9.

Woo HY, Cho HJ, Kong SY, Kim HJ, Jeon HB, Kim EC, et al. Marker
chromosomes in Korean patients: Incidence, identification and diagnostic
approach. J Korean Med Sci 2003;18:773-8.

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 1991;49:995-1013.
Douet-Guilbert N, Marical H, Pinson L, Herry A, Le Bris MJ, Morel F, et al.
Characterisation of supernumerary chromosomal markers: A study of
13 cases. Cytogenet Genome Res 2007;116:18-23.

Liehr T. Small Supernumerary Marker Chromosomes (sSMC): A Guide for
Human Geneticists and Clinicians. ISBN 978-3-642-20766-2. Springer;
2011.P. 17

Réthlisberger B, Zerova T, Kotzot D, Buzhievskaya TI, Balmer D, Schinzel A.
Supernumerary marker chromosome (1) of paternal origin and maternal
uniparental disomy 1 in a developmentally delayed child. J Med Genet
2001;38:885-8.

Mazzaschi RL, Taylor J, Robertson SP, Love DR, George AM. A turner
syndrome patient carrying a mosaic distal X chromosome marker. Case
Rep Genet 2014;2014:597314.

Battaglia A. The inv dup (15) or idic (15) syndrome (Tetrasomy 15q).
Orphanet J Rare Dis 2008;3:30.

Watson EJ, Gordon RR. A case of partial trisomy 15. J Med Genet
1974;11:400-2.

Crolla JA, Harvey JF, Sitch FL, Dennis NR. Supernumerary marker 15
chromosomes: A clinical, molecular and FISH approach to diagnosis and
prognosis. Hum Genet 1995;95:161-70.

Huang B, Crolla JA, Christian SL, Wolf-Ledbetter ME, Macha ME,
Papenhausen PN, et al. Refined molecular characterization of the
breakpoints in small inv dup (15) chromosomes. Hum Genet 1997;99:11-7.
Robinson WP, Binkert F, Giné R, Vazquez C, Miiller W, Rosenkranz W,
et al. Clinical and molecular analysis of five inv dup (15) patients. Eur J
Hum Genet 1993;1:37-50.

Blennow E, Nielsen KB, Telenius HK, Carter NP, Kristoffersson U,
Holmberg E, et al. Fifty probands with extra structurally abnormal
chromosomes characterized by fluorescence in situ hybridization. Am J
Med Genet 1995;55:85-94.

Gillberg C, Steffenburg S, Wahlstrom J, Gillberg IC, SjostedtA, Martinsson T,
et al. Autism associated with marker chromosome. J Am Acad Child Adolesc
Psychiatry 1991;30:489-94.

Shaikh TH, Budarf ML, Celle L, Zackai EH, Emanuel BS. Clustered 11923
and 22q11 breakpoints and 3:1 meiotic malsegregation in multiple unrelated
t (11;22) families. Am J Hum Genet 1999;65:1595-607.

Choudhary MG, Babaji P, Sharma N, Dhamankar D, Naregal G, Reddy VS.
Derivative 11;22 (emanuel) syndrome: A case report and a review. Case Rep
Pediatr 2013;2013:237935.

Crolla JA, Youings SA, Ennis S, Jacobs PA. Supernumerary marker
chromosomes in man: Parental origin, mosaicism and maternal age
revisited. Eur J Hum Genet 2005;13:154-60.

Fraccaro M, Lindsten J, Ford CE, Iselius L. The 11q; 22q translocation:
AEuropean collaborative analysis of 43 cases. Hum Genet 1980;56:21-51.
Kurahashi H, Shaikh TH, Zackai EH, Celle L, Driscoll DA, Budarf ML, et al.
Tightly clustered 11923 and 22q11 breakpoints permit PCR-based detection
of the recurrent constitutional t (11;22). Am J Hum Genet 2000;67:763-8.
Hou JW. Supernumerary chromosome marker Der (22) t (11;22)
resulting from a maternal balanced translocation. Chang Gung Med
J 2003;26:48-52.

Carter MT, St Pierre SA, Zackai EH, Emanuel BS, Boycott KM.
Phenotypic delineation of Emanuel syndrome (supernumerary derivative
22 syndrome): Clinical features of 63 individuals. Am J Med Genet A
2009;149A: 1712-21.

Rosias PR, Sijstermans JM, Theunissen PM, Pulles-Heintzberger CF,
De Die-Smulders CE, Engelen JJ, et al. Phenotypic variability of the cat



23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Jafari-Ghahfarokhi, et al.: Small supernumerary marker chromosomes and syndromes

eye syndrome. Case report and review of the literature. Genet Couns
2001;12:273-82.

Vorstman JA, Jalali GR, Rappaport EF, Hacker AM, Scott C, Emanuel BS.
MLPA: A rapid, reliable, and sensitive method for detection and analysis
of abnormalities of 22q. Hum Mutat 2006;27:814-21.

Bartsch O, Rasi S, Hoffmann K, Blin N. FISH of supernumerary marker
chromosomes (SMCs) identifies six diagnostically relevant intervals on
chromosome 22q and a novel type of bisatellited SMC (22). Eur J Hum
Genet 2005;13:592-8.

Bélien V, Gérard-Blanluet M, Serero S, Le Dd N, Baumann C,
Jacquemont ML, et al. Partial trisomy of chromosome 22 resulting from a
supernumerary marker chromosome 22 in a child with features of cat eye
syndrome. Am J Med Genet A 2008;146A: 1871-4.

McDermid HE, Morrow BE. Genomic disorders on 22g11. Am J Hum Genet
2002;70:1077-88.

Edelmann L, Pandita RK, Spiteri E, Funke B, Goldberg R, Palanisamy N,
et al. A common molecular basis for rearrangement disorders on
chromosome 22q11. Hum Mol Genet 1999;8:1157-67.

Liehr T, Pfeiffer RA, Trautmann U. Typical and partial cat eye syndrome:
Identification of the marker chromosome by FISH. Clin Genet
1992;42:91-6.

McTaggart KE, Budarf ML, Driscoll DA, Emanuel BS, Ferreira P,
McDermid HE. Cat eye syndrome chromosome breakpoint clustering:
Identification of two intervals also associated with 2211 deletion syndrome
breakpoints. Cytogenet Cell Genet 1998;81:222-8.

Schinzel A, Schmid W, Auf der Maur P, Moser H, Degenhardt KH, Geisler M,
et al. Incomplete trisomy 22. I. Familial 11/22 translocation with 3:1 meiotic
disjunction. Delineation of a common clinical picture and report of nine new
cases from six families. Hum Genet 1981;56:249-62.

Mears AJ, Duncan AM, Budarf ML, Emanuel BS, Sellinger B, Siegel-Bartelt J,
et al. Molecular characterization of the marker chromosome associated with
cat eye syndrome. Am J Hum Genet 1994;55:134-42.

Berends MJ, Tan-Sindhunata G, Leegte B, van Essen AJ. Phenotypic
variability of Cat-Eye syndrome. Genet Couns 2000;12:23-34.

Trifonov V, Fluri S, Binkert F, Nandini A, Anderson J, Rodriguez L, et al.
Complex rearranged small supernumerary marker chromosomes (SSMC),
three new cases; evidence for an underestimated entity? Mol Cytogenet
2008;1:6.

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

Sheridan MB, Kato T, Haldeman-Englert C, Jalali GR, Milunsky JM, Zou Y, et al.
Apalindrome-mediated recurrent translocation with 3:1 meiotic nondisjunction:
The t(8;22)(q24.13;q11.21). Am J Hum Genet 2010;87:209-18.

Spiteri E, Babcock M, Kashork CD, Wakui K, Gogineni S, Lewis DA, et al.
Frequent translocations occur between low copy repeats on chromosome
22q11.2 (LCR22s) and telomeric bands of partner chromosomes. Hum Mol
Genet 2003;12:1823-37.

Sijmons RH, Leegte B, van Lingen RA, de Pater JM, van der Veen AY, del
Canho H, et al. Tetrasomy 5p mosaicism in a boy with delayed growth,
hypotonia, minor anomalies, and an additional isochromosome 5p
[46, XY/47, XY,*i (5p)]. Am J Med Genet 1993;47:559-62.

Stanley WS, Powell CM, Devine GC, Ellingham T, Samango-Sprouse CA,
Vaught DR, et al. Mosaic 5p tetrasomy. Am J Med Genet 1993;45:774-6.

Lorda-Sanchez |, Villa A, Urioste M, Bernal E, Jaso E, Garcia A, et al.
Tetrasomy 5p mosaicism due to an extra i (5p) in a severely affected girl.
Am J Med Genet 1997,68:481-4.

Hansen LK, Brandrup F, Rasmussen K. Pigmentary mosaicism with mosaic
chromosome 5p tetrasomy. Br J Dermatol 2003;149:414-6.

Brock JA, Dyack S, Ludman M, Dumas N, Gaudet M, Morash B. Mosaic
tetrasomy 5p resulting from an isochromosome 5p marker chromosome:
Case report and review of literature. Am J Med Genet A2012;158A: 406-11.
Panani AD, Roussos C. Non-random structural chromosomal changes
in ovarian cancer: i (5p) a novel recurrent abnormality. Cancer Lett
2006;235:130-5.

Atkin NB. Cytogenetics of carcinoma of the cervix uteri: A review. Cancer
Genet Cytogenet 1997;95:33-9.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Atkin NB, Baker MC. Small metacentric marker chromosomes in
unbanded archival material from carcinomas of the cervix uteri. Cytobios
1990;65:179-85.

Dutly F, Balmer D, Baumer A, Binkert F, Schinzel A. Isochromosomes 12p
and 9p: Parental origin and possible mechanisms of formation. Eur J Hum
Genet 1998;6:140-4.

Ghymers D, Hermann B, Disteche C, Frederic J. Partial tetrasomy
of number 9 chromosome, and mosaicism in a child with multiple
malformations (author’s transl). Humangenetik 1973;20:273-82.

de Azevedo Moreira LM, Freitas LM, Gusméo FA, Riegel M. New case of
non-mosaic tetrasomy 9p in a severely polymalformed newborn girl. Birth
Defects Res A Clin Mol Teratol 2003;67:985-8.

Deurloo KL, Cobben JM, Heins YM, de Ru M, Wijnaendts LC, van
Vugt JM. Prenatal diagnosis of tetrasomy 9p in a 19-week-old
fetus with Dandy-Walker malformation: A case report. Prenat Diagn
2004;24:796-8.

Dhandha S, Hogge WA, Surti U, McPherson E. Three cases of tetrasomy
9p. Am J Med Genet 2002;113:375-80.

McAuliffe F, Winsor EJ, Chitayat D. Tetrasomy 9p mosaicism associated
with a normal phenotype. Fetal Diagn Ther 2005;20:219-22.

Tonk VS. Moving towards a syndrome: A review of 20 cases and a new
case of non-mosaic tetrasomy 9p with long-term survival. Clin Genet
1997;52:23-9.

Verheij JB, Bouman K, van Lingen RA, van Lookeren Campagne JG,
Leegte B, van der Veen AY, et al. Tetrasomy 9p due to an intrachromosomal
triplication of 9p13-p22. Am J Med Genet 1999;86:168-73.

Stumm M, Ténnies H, Mandon U, Gotze A, Krebs P, Wieacker PF. Mosaic
tetrasomy 9p in a girl with multiple congenital anomalies: Cytogenetic and
molecular-cytogenetic studies. Eur J Pediatr 1999;158:571-5.

Ogino W, Takeshima Y, Nishiyama A, Yagi M, Oka N, Matsuo M. Mosaic
tetrasomy 9p case with the phenotype mimicking Klinefelter syndrome and
hyporesponse of gonadotropin-stimulated testosterone production. Kobe J
Med Sci 2007;53:143-50.

Peters J, Pehl C, Miller K, Sandlin CJ. Case report of mosaic partial
tetrasomy 9 mimicking Klinefelter syndrome. Birth Defects Orig Artic Ser
1982;18:287-93.

Plaiasu V, Ochiana D, Motei G, Georgescu A. A rare chromosomal
disorder-isochromosome 18p syndrome. Maedica (Buchar) 2011;6:132-6.
Froland A, Holst G, Terslev E. Multiple anomalies associated with an extra
small autosome. Cytogenetics 1963;2:99-106.

Kotzot D, Bundscherer G, Bernasconi F, Brecevic L, Lurie IW, Basaran S,
et al. Isochromosome 18p results from maternal meiosis Il nondisjunction.
Eur J Hum Genet 1995;4:168-74.

Takeda K, Okamura T, Hasegawa T. Sibs with tetrasomy 18p born to a
mother with trisomy 18p. J Med Genet 1989;26:195-7.

Abeliovich D, Dagan J, Levy A, Steinberg A, Zlotogora J. Isochromosome
18p in a mother and her child. Am J Med Genet 1993;46:392-3.

Irwin DL, Bryan JL, Chan FY, Matthews PL, Healey SC, Peters M, et al.
Prenatal diagnosis of tetrasomy 18p using multiplex fluorescent PCR and
comparison with a variety of techniques. Genet Test 2003;7:1-6.

Boyle J, Sangha K, Dill F, Robinson WP, Yong SL. Grandmaternal origin
of an isochromosome 18p present in two maternal half-sisters. Am J Med
Genet 2001;101:65-9.

Liehr T, Utine GE, Trautmann U, Rauch A, Kuechler A, Pietrzak J, et al.
Neocentric small supernumerary marker chromosomes (sSMC)--three
more cases and review of the literature. Cytogenet Genome Res
2007;118:31-7.

Ganesh J. Swaminathan1, Eugene Bragin1, EleniA. Chatzimichali1, Manuel
Corpas1, et al. DECIPHER: web-based, community resource for clinical
interpretation of rare variants in developmental disorders. Human Molecular
Genetics 2012; 21:37-44.

lzumi K, Conlin LK, Berrodin D, Fincher C, Wilkens A, Haldeman-Englert C,
et al. Duplication 12p and Pallister-Killian syndrome: A case report and
review of the literature toward defining a Pallister-Killian syndrome minimal
critical region. Am J Med Genet A 2012;158A: 3033-45.

Yakut S, Mihci E, Altiok Clark O, Cetin Z, Keser I, Berker S, et al.

Advanced Biomedical Research | 2015



Jafari-Ghahfarokhi, et al.: Small supernumerary marker chromosomes and syndromes

Mosaic intrachromosomal triplication of (12)(p11.2p13) in a patient with Extraordinary finding of an analphoid, inverted duplicated marker. Eur J
Pallister-Killian syndrome. Balkan J Med Genet 2012;15:61-4. Hum Genet 2001;9:572-6.

67. Dufke A, Walczak C, Liehr T, Starke H, Trifonov V, Rubtsov N, et al.
Partial tetrasomy 12pter-12p12.3 in a girl with Pallister-Killian syndrome:

Source of Support: Nil, Conflict of Interest: None declared.

Advanced Biomedical Research | 2015 7



