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Partial tetrasomy of distal 13q has a reported association with a variable phenotype
including microphthalmia, ear abnormalities, hypotelorism, facial dysmorphisms,
urogenital defects, pigmentation and skin defects, and severe learning difficulties. A
wide range of mosaicism has been reported, which may, to some extent, account for
the variable spectrum of observed phenotypes. We report here a pregnancy conceived
using intrauterine insemination in a 32-year-old female with a history of infertility. Non-
invasive prenatal screening (NIPS) was performed in the first trimester which reported an
increased risk for trisomy 13. Follow-up cytogenetic workup using chorionic villus sampling
(CVS) and amniotic fluid samples showed a mosaic karyotype with a small supernumerary
marker chromosome (sSMC). Chromosomal microarray analysis (CMA) identified amosaic
31.34 Mb terminal gain on chr13q31.1q34 showing the likely origin of the sSMC to distal
chromosome 13q. Follow-up metaphase FISH testing suggested an inverted duplication
rearrangement involving 13q31q34 in the marker chromosome and the presence of a
neocentromere. At 21 months of age, the proband has a history of gross motor delay,
hypotonia, left microphthalmia, strabismus, congenital anomaly of the right optic nerve,
hemangiomas, and a tethered spinal cord. Postnatal chromosome analyses in buccal,
peripheral blood, and spinal cord ligament tissues were consistent with the previous
amniocentesis and CVS findings, and the degree of mosaicism varied from 25 to 80%. It is
often challenging to pinpoint the chromosomal identity of sSMCs using banding
cytogenetics. A combination of low-pass genome sequencing of cell-free DNA,
chromosomal microarray, and FISH enabled the identification of the precise
chromosomal rearrangement in this patient. This study adds to the growing list of
clinically identified neocentric marker chromosomes and is the first described instance
of partial tetrasomy 13q31q34 identified in a mosaic state prenatally. Since NIPS is now
being routinely performed along with invasive testing for advanced maternal age, an
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increased prenatal detection rate for mosaic sSMCs in otherwise normal pregnancies is
expected. Future studies investigating how neocentromeres mediate gene expression
changes could help identify potential epigenetic targets as treatment options to rescue or
reverse the phenotypes seen in patients with congenital neocentromeres.

Keywords: supernumerary marker chromosome, chromosomal microarray, non-invasive prenatal screening,
13q31.1, neocentromere

INTRODUCTION

Neocentromeres are new centromeres formed in chromosomal
locations other than the original centromere. Despite the
complete absence of normal alpha-satellite DNA, a tandem
repeat sequence featuring in all eukaryotic endogenous
centromeres, neocentromeres can bind all known essential
centromere proteins, assemble a functional kinetochore, and
behave normally in mitosis and meiosis. Current experimental
evidence indicates that neocentromere activity is acquired
epigenetically rather than by altering the DNA sequence. Also,
there is no apparent sequence specificity for neocentromere-
containing regions. However, specific sequence preferences for
neocentromere formation have been reported, including high AT
contents (Lo et al., 2001a; Lo et al., 2001b; Alonso et al., 2003; and
Murmann et al., 2009), and the presence of long interspersed
nuclear element (LINE) repeats (Chueh et al., 2005; Alonso et al.,
2007; Murmann et al., 2009).

Since the initial discovery in 1993 (Voullaire et al., 1993), over
100 cases of constitutional neocentromere formation in humans
have been reported in the literature (Marshall et al., 2008;
Naughton and Gilbert, 2020). The majority of them are small
supernumerary marker chromosomes (sSMCs), resulting from
inverted duplications of the distal segments of a chromosome
arm. Neocentromeric sSMCs are often present in the individual
in a mosaic form, probably due to mitotic instability or selective
disadvantage. The precise mechanism for the formation of
inverted duplicated sSMCs is currently unknown. However,
due to the genotype similarity between the arms of
neocentromeric sSMCs, it has been proposed that they are
derived after a double-strand break and an intra-chromosomal
exchange. At the same time, a neocentromere is formed
(Murmann et al., 2009).

Inverted duplicated sSMCs with neocentromeres are
commonly present in addition to two normal chromosomes.
In rare cases, one normal chromosome and one derivative
chromosome with the same region deleted can be present,
thus resulting in tetrasomy or trisomy for the terminal
chromosomal region present on the sSMC. Clinically, they are
associated with developmental delay, intellectual disability, and/
or congenital abnormalities in most reported cases due to large
unbalanced genomic regions. For this reason, they also provide us
with a valuable opportunity to evaluate the clinical consequences
of dosage changes in large genomic regions without interferences
from any other chromosomes, unlike cases with unbalanced
translocations (Tharapel et al., 1986).

Chromosome 13q contains several “hotspots” for
neocentromere formation, including 13q32, 13q31, and

13q21 (Warburton et al., 2000; Li et al., 2002).
Approximately 20 patients with inverted duplicated 13q
have been reported in the medical literature (Marshall et al.,
2008; Mascarenhas et al., 2008; Haddad et al., 2012; Yu et al.,
2012; Stembalska et al., 2015). Genotype–phenotype
correlation analyses suggest that partial tetrasomy of distal
13q is associated with a variable phenotype including
microphthalmia, ear abnormalities, hypotelorism, facial
dysmorphisms, urogenital defects, pigmentation and skin
defects, and severe learning difficulties (Barwell et al., 2004;
Dhar et al., 2009; Myers et al., 2015). However, those analyses
are often limited due to the conventional banding cytogenetic
methods used and the mosaic nature of the sSMCs. Here, we
report a prenatally identified mosaic sSMC with a
neocentromere and the resulting tetrasomy of distal
chromosome 13q detected using a combination of diverse
techniques, including low-pass genome sequencing of cell-
free DNA, high-resolution SNP cytogenomic microarray,
FISH, and conventional banding cytogenetics.

CASE DESCRIPTION

Our patient is the child of a 36-week gestation to a 32-year-old
mother of German/Italian descent and a father of Irish descent.
The patient’s conception resulted from intrauterine insemination.
Non-invasive prenatal screening (NIPS) performed in the first
trimester reported an increased risk for trisomy 13. At 27-week
gestation, fetal ultrasound and echocardiogram were normal.
Though oligohydramnios was noted at 33 weeks, the
remainder of the pregnancy and delivery was uncomplicated.
After birth, the patient required nasal CPAP for respiratory
distress and was eventually transferred to the neonatal
intensive care unit (NICU) for further management. A
physical examination shortly after birth was remarkable for
slight posterior rotation of the left ear, uplifted ear lobes,
bulbous nasal tip, arched palate, slight neck skin redundancy,
and bilateral fifth finger and toe clinodactyly. Her respiratory
distress resolved within a day. A head ultrasound was performed
within the first day of life showed nonspecific thinning of the
corpus callosum. She was discharged on day of life 3.

A three-generation pedigree was completed during the initial
evaluation. Maternal family history is significant for an older half-
sister with a history of partial seizures from age 3 to 6 years and an
uncle with a history of hemangiomas in infancy. Paternal family
history is significant for an aunt with an unspecified congenital
heart condition and two male cousins with a severe autism
spectrum disorder.
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The patient established care with multiple subspecialty
providers. At 2 months old, she was evaluated by a neurologist
for concerns of abnormal hand movements. An EEG at 4 months
of age was normal. Hypotonia was noted at 4 months, and an
early intervention evaluation was recommended; she obtained
speech and physical therapy. Ophthalmology evaluations showed
an abnormal right optic nerve and left microphthalmos. At
5 months of age, she established care with dermatology for red
pigmentation over her face, neck, buttocks, back, and genitalia,
concerning for capillary malformations. At 7 months of age, she
was referred to neurosurgery for a skin lesion in the sacral area,
concerning for a spinal dysraphism. Workup, including a spinal
MRI, showed evidence of a tethered cord. The patient underwent
corrective surgery at 1 year old. At 14 months of age, the patient
began to have feeding difficulties. A modified barium swallow
showed aspiration. The patient started crawling at 16 months and
was standing and cruising at 17 months old. She still exhibited
speech delay at 17 months of age as she babbled but was not yet
articulating words. She was able to feed herself and indicate her
wants. The patient was also able to dress and undress with her
parents’ assistance. At 21 months of age, she began to use a
G-tube for feeding to prevent aspiration. Cardiac and audiology
evaluations have been normal to date. Following her most recent
early intervention evaluation, she qualified for feeding, speech,
physical, occupational therapies, and special instruction
(Figures 1A,B).

As a follow-up to the NIPS result, confirmatory genetic testing on
chorionic villus sampling (CVS) tissue was performed at a
commercial laboratory. Subsequently, diagnostic genetic testing
on amniotic fluid and postnatal tissues was performed at our
center in the Clinical Cytogenetics Laboratory and the Laboratory
of Personalized Genomic Medicine at the Columbia University
Medical Center, New York, NY. Cytogenetic analysis on amniotic
fluid, peripheral blood, and buccal and ligament tissues was carried
out according to the standard methods (Arsham et al., 2017).
Chromosomal microarray (CMA) was performed on DNA
isolated from an amniotic fluid sample with the CytoScan® HD
platform (Affymetrix) as previously outlined (Ganapathi et al.,
2019). A whole-exome sequencing (WES) for the proband and
her parents was performed onDNA extracted from peripheral blood

mononuclear cells as previously described (Abdelhakim et al., 2020).
Written consent was obtained from the minor’s legal guardians for
genetic studies and inclusion, in this case study of any potentially
identifiable images or data as per hospital protocol.

Cytogenetic analysis from an amniotic fluid sample showed a
mosaic karyotype with a small supernumerary marker
chromosome (sSMC) (Figure 2A). CMA identified a mosaic
31.34 Mb terminal gain: arr [GRCh37] 13q31.1q34
(83,666,539_115,010,330) x2~4. No other pathogenic, likely
pathogenic, or uncertain clinically significant CNVs were
detected by CMA. SNP probes from the microarray analysis
showed four genotypes in the 13q gain, including either 0:4
(AAAA and BBBB) or 1:3 (AAAB and ABBB) genotype ratios
for A and B alleles and the absence of 2:2 genotype ratio (AABB)
(Figure 2B), which indicates that SNPs on both arms of the
duplicated sSMC are identical and they are originated from the
same chromosome fragment. Follow-up interphase and
metaphase FISH testing using probes specifically for
13q14 and 13q34 showed the level of mosaicism of the
chromosome 13-derived sSMC to be approximately 40% and
suggested an inverted duplication rearrangement involving
13q31q34, consistent with the G-banding pattern seen on the
sSMC. Additionally, metaphase FISH testing using the
centromeric CEP13 probe failed to hybridize on the sSMC
suggesting the presence of a neocentromere (Figure 2C). The
marker chromosome was submetacentric in appearance with a
primary constriction suggesting the presence of the
neocentromere most likely at chromosomal band 13q33
(Figure 2D). The final karyotype is: 47,XX,+mar[28]/46,XX[2].
nuc ish (D13S319x2,LAMP1x4)[122/300]. ish der (13)
(D13S319,LAMP1++) (CEP13-) (the long-form description of
the marker chromosome cell line as per ISCN 2020 is as follows:
47,XX,+dup (13) (qter- > q31.1::q31.1- > q33- > neo- > q33- >
qter)). Parental karyotypes were normal, suggesting de novo
origin of the marker chromosome.

Postnatal chromosome and FISH analyses in buccal,
peripheral blood, and spinal ligament (post-laminectomy)
tissues were consistent with the previous amniocentesis and
CVS findings. The degree of mosaicism varied from 25 to 80%
(Table 1). Given the capillary malformations, whole-exome
sequencing (WES) was requested and was negative (no
pathogenic/likely pathogenic variants or variants of
uncertain significance VUS(s) related to the patient’s
phenotype), except for a maternally inherited pathogenic
variant in the BRCA2 gene. Given the identification of a
maternally inherited pathogenic BRCA2 variant, familial
cascade testing has been initiated.

The region of copy number gain in the patient in this report
was 31.34 Mb in size; genomic coordinates: chr13:
83,666,539–115,010,330 (hg19) encompassing 195 genes, of
which 83 genes are OMIM-annotated. OMIM disease genes
include COL4A1, COL4A2, ZIC2, and SLITRK1, associated
with autosomal dominant (AD) disorders; CARS2, CLDN10,
DNAJC3, DCT, ERCC5, FGF14, F7, F10, GPC6, GRK1, LIG4,
NAXD, PCCA, SLC10A2, SLITRK6, TGDS,and TPP2 associated
with autosomal recessive (AR) disorders; and DZIP1 andNALCN
associated with both AD/AR conditions.

FIGURE 1 | Pictures of the proband showing mild dysmorphic features.
In both pictures, the proband is slightly tilting her head up; panel (A): an
epicanthal fold is noted on the right. On the left, mild microphthalmos is noted.
Her ears are standard set with posterior rotation; panel (B): her left ear
lobe is notched. The proband has a thin upper lip.
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DISCUSSION

The American College of Obstetrics and Gynecology (ACOG)
recommends non-invasive prenatal screening for all women,
regardless of maternal age (American College of Obstetricians
and Gynecologists’ Committee on Practice Bulletins—Obstetrics,
2020). In addition to detecting trisomies for chromosomes 21, 18,
and 13 and sex chromosome aneuploidies, expanded NIPS tests
based on a whole-genome assessment of cell-free DNA in
maternal plasma are able to identify rare autosomal trisomies
(RATs), known microdeletions/duplications, and rare copy
number and structural variants (Chitty, 2021). Recent reports
in the literature describe and discuss the detection of marker
chromosomes by NIPS (Luo et al., 2020; Liehr, 2021). They are

initially detected as copy number gains and require confirmatory
testing by karyotype, FISH, and/or CMA to determine their exact
genomic content. The mosaic nature of these sSMCs makes
detection and prediction of clinical consequences often a
diagnostic and clinical challenge. We summarize findings in a
patient where NIPS detected a copy number gain in chromosome
13, raising concern for trisomy 13. Confirmatory testing using
conventional cytogenetic techniques and SNP-based
chromosomal microarray analysis helped decipher the precise
chromosomal location and orientation of this additional genomic
content to chromosome 13q31.1q34.

While chromosome 13q is a known hotspot for neocentric
sSMCs with multiple case reports described in the literature, the
marker’s characterization of the genomic content is often limited
to karyotype and FISH. There are seven previously published
cases concerning patient reports involving markers with
breakpoints mapping to 13q31 (Table 2, Supplementary
Table S1) (Tohma et al., 1998). Overlapping features in four
mosaic cases identified postnatally include growth delay,
hypertelorism, strabismus, abnormal ears, extra teeth, mild
psychomotor delays, and seizures (Li et al., 2002; Yu et al.,
2012; Myers et al., 2015). The degree of mosaicism in these
patients ranged from 13 to 60%. Prenatal reports are few and
include two non-mosaic cases with severe cystic hygroma, short

FIGURE 2 | Cytogenetic and genomic characterization of the sSMC. Panel (A): female karyotype with a small supernumerary marker chromosome identified by
G-banding from amniotic fluid; banding resolution: 400-band-level; panel (B): SNP-based microarray results showing 31.34 Mb gain in the distal end of chromosome
13q: arr [GRCh37] 13q31.1q34 (83,666,539_115,010,330)x2~4; probe targets: 2,696,550; human genome build (hg19); panel (C): metaphase and interphase FISH
results using probes mapping to 13q14 (D13S319), 13q34 (LAMP1), and chr 13 centromere. The final karyotype is: 47,XX,+mar[28]/46,XX[2]. nuc ish
(D13S319x2,LAMP1x4)[122/300]. ish der (13) (D13S319,LAMP1++) (CEP13-); panel (D): chromosome 13 ideograms showing representative normal and marker
chromosome 13 in the patient. The long form description of the marker chromosome cell line as per ISCN 2020 is as follows: 47,XX,+dup (13) (qter- > q31.1::q31.1- >
q33- > neo- > q33- > qter).

TABLE 1 | Degree of mosaicism of the sSMC in different tissues.

Tissue % mosaicism (FISH) (#
cells)

Amniotic fluid 41 (122/300)
Buccal swab 25 (106/430)
Peripheral blood 50 (199/400)
Spinal ligament (from laminectomy) 80 (403/500)
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and long bones, cerebellar hypoplasia, renal dysplasia, and early
terminations (Mascarenhas et al., 2008; Haddad et al., 2012).
There is also an additional report of hexasomy due to two
13q31q34 marker chromosomes in a fetus with increased
nuchal translucency and similar prenatal findings (Stembalska
et al., 2015). The clinical presentation in the current patient
consists of mildly dysmorphic ears, clinodactyly, hypotonia,
speech delay, nonspecific thinning of the corpus callosum,
microphthalmia, concerning for capillary malformations, and a
tethered spinal cord requiring laminectomy.

The phenotypes seen in mosaic patients with distal
13q31 tetrasomy are milder than those seen in trisomy

13 patients who were presented with a severe phenotype with
defects of the eye, nose, lip, holoprosencephaly, polydactyly, and
skin defects. One reason for the milder phenotype is the mosaic
occurrence of these markers. However, the degree of mosaicism
was as high as 80% in spinal cord tissue of the patient in this
study. It could suggest that a critical region responsible for the
severity of trisomy 13 may exclude the distal portion of
chromosome 13q31 and beyond. Similarly, based on a milder
phenotype in a patient with triplication of 13q31.1q34, it was
proposed that the critical region for trisomy 13 syndrome lies
closer to the centromere in the 13q14-13q32.1 chromosomal
interval (Krygier et al., 2014). The lack of association of

TABLE 2 | Summary of chromosomal findings, degree of mosaicism, inheritance, and clinical symptoms in the current proband and previously reported sSMC cases with
breakpoints in 13q31.

Author Chromosomal finding Mosaicism (%) Inheritance Clinical symptom

Current study 47,XX,+mar[28]/46,XX[2].nuc ish
(D13S319x2,LAMP1x4)[122/300].ish der (13)
(D13S319,LAMP1++), (CEP13-); arr [GRCh37]
13q31.1q34 (83,666,539_115,010,330)x2~4
(31.34 Mb)

Amniotic fluid (41%), buccal
(25%), peripheral blood (50%),
and spinal ligament (80%)

De novo Gross motor delay, hypotonia, left
microphthalmia, oculomotor apraxia,
strabismus, mild dysmorphism, congenital
anomaly of the right optic nerve,
hemangiomas, and a tethered spinal cord
requiring laminectomy

Tohma et al.
(1998)

47,XY,+inv dup (13) (qter- > q31::q31neo- > qter) Blood (60%) Unknown Scoliosis, intestinal malrotation, hypospadias,
hydronephrosis, mild dysmorphic features,
strabismus, learning difficulties, seizures,
patent ductus arteriosus, diaphragmatic
hernia, bronchial anomalies, and extra teeth

Li et al.( 2002) 47,XX,+ inv dup (13) (qter- > q31::q31- > q32 neo- >
qter)

Blood (54%) De novo Mild dysmorphic features, clinodactyly,
strabismus, mild developmental delays, extra
low incisor, and nevus flammeus on the nasal
bridge

Barwell et al.
(2004)

47,XX,+der (13) (qter- > q31neo::q31 - > qter)[8] de
novo/46,XX [52].ish der (13) (wcp13+,13/21cen-
,D13S585+ +,D13S1825++)

Blood and skin fibroblasts (13%) De novo Mild motor developmental delay, learning
difficulties, seizures, extra teeth, unilateral
hearing loss, soft dysmorphic features, arm
hemihypertrophy, torticollis, and head
circumference on the 98th percentile

Yu et al. (2012) 47,XY,+inv dup (13)[8]/46, XY[12].ish inv dup (13)
(p-acro–,D13Z1/D21Z1–,WCP13+)arr [GRCh36]
13q31.3qterx2~3 (20.77 Mb); additional findings of
arr [GRCh36] 15q13.3x3 (495 kb, de novo),
16p12.1x1 (580 kb, mat), 16p11.2x3 (410 kb, mat)

Blood (40%) De novo Learning difficulties, cleft palate, and seizures

Mascarenhas
et al. (2008)

47,XX,+mar.ish inv dup (13) Non-mosaic De novo Oligohydramnios, large cisterna magna,
ventriculomegaly, enlarged and
hyperechogenic kidneys, club left foot, thymic
hypoplasia, mild dysmorphic features, and
pregnancy terminated

(qter- > q31::q31- > neo- > qter) (wcp13+
D13Z1/D21Z1–,D13S327++)

Haddad et al.
(2012)

47,XY,+mar.ish inv dup (13) (qter→q31.1::q31.1→
qter) (wcp13+, YAC 921F2-

Non-mosaic De novo Dysmorphic features , cystic cervical
hygroma, postaxial polydactyl of the right
hand and left foot with short fingers,
malrotation of the gut, micropenis with
hypospadias, and pregnancy terminated

D13Z1/D21Z1-, YAC 935C1++, RP11-
569D9++).arr 13q31
1q34 (81,994,976_114,871,440)x4 [100%]
(32.9 Mb)

Stembalska et al.
(2015)

48,XX,+mar1,+mar2 inv Non-mosaic De novo Increased nuchal translucency, dysmorphic
facial features, head and body disproportion,
ambiguous genitalia, shortening of long
bones, incorrect positing of anus, and
pregnancy terminated

dup (13) (qter- > q31.3::q31.3- > qter)
arr [GRCh37] 13q31.3q34 (92507936_115092648)
x5 (22.6 Mb)

Note: Refer to the following database for previous cases: http://cs-tl.de/DB/CA/sSMC/0-Start.html.
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holoprosencephaly in patients with duplications involving ZIC2
in 13q32.3 (Jobanputra et al., 2012), and a mild phenotype
consisting of postaxial polydactyly in a patient with an
interstitial duplication of 13q31.1q32.1 (van der Zwaag et al.,
2010), likely supports this proposed critical region.

Previous studies have suggested multiple candidate genes for
the different phenotypes seen in patients with tetrasomy 13q.
GPC5 and GPC6 have been proposed as candidate genes for the
reported polydactyly (van der Zwaag et al., 2010) based on their
putative role as cell surface heparan sulfate proteoglycans in the
control of cell growth and cell division (Veugelers et al., 1999).
While bi-allelic pathogenic variants in GPC6 are causative of an
autosomal recessive skeletal dysplasia syndrome omodysplasia 1
(MIM#258315), GPC5 is not associated with a genetic disorder to
date. However, the absence of polydactyly in the current patient
contradicts the proposed dosage sensitivity of these genes or
could possibly be attributed to the incomplete penetrance of
polydactyly in patients with 13q trisomy/tetrasomy. Congenital
hemangiomas, seen in this patient, have also been previously
reported in six other patients with tetrasomy 13q. The gene
EFNB2, located at 13q33.3, has been suggested as a candidate
gene, overexpression of which could be causative of vascular
malformations (Liu et al., 2013). The protein encoded by the
EFNB2 gene is a ligand for receptor tyrosine kinases and is shown
to play an essential role in angiogenesis (Wang et al., 2010).

Interestingly, exome sequencing for the suspected vascular
malformations in the current patient was negative, and no
causative variants were found in vascular disease genes such as
TEK/RASA1/EPHB4, amongst others. Other proposed candidate
genes for vascular malformations in 13q are COL4A1 and
COL4A2. COL4A1 and COL4A2 are associated with multiple
hereditary angiopathy disorders; hence, their potential roles in
vascular malformations could be considered but requires further
investigation. Minor central nervous system anomalies such as
tethered cord and ocular anomalies such as anophthalmia,
coloboma, strabismus, and ear anomalies have been reported in
multiple patients, including the current patient. However, dosage-
sensitive candidate genes possibly responsible for these phenotypes
remain to be deciphered. With the continued refinement of next-
generation sequencing technologies, isolated smaller copy number
gains for different regions of distal 13q, if seen in affected individuals,
may provide some clues in future clinical studies.

Chromosome breaks during mitosis, or meiosis can lead to the
formation of class I marker chromosomes involving inverted
duplications or class II marker chromosomes involving interstitial
deletions (Marshall et al., 2008). Given the mosaic nature of the
marker chromosome in the proband, it is likely a class I marker
chromosome of a postzygoticmitotic origin. This is in contrast to the
previous prenatal reports of non-mosaic 13q31 sSMCs
(Mascarenhas et al., 2008; Haddad et al., 2012; Stembalska et al.,
2015) that most likely involved chromosomal breaks that occurred
during meiosis. A possible meiotic origin of sSMCs has also been
reported for other chromosomal regions such as 13q32 and 2q33.3,
for instance (Rivera et al., 1999; Ma et al., 2015). Additionally, the
marker was not detected in parental karyotypes suggesting the de
novo origin of the marker. Given that the proband was conceived by
intrauterine insemination, it raises the question if the occurrence of

themarker was related to the use of assisted reproductive technology
(ART). The possibility of a link between chromosomal
rearrangements and ART has been investigated in multiple large
studies. Previous studies suggested an increased risk for
chromosomal aberrations with ART (Gjerris et al., 2008).
However, these conclusions have not been supported by more
recent studies (Kim et al., 2010). Systematic review and meta-
analyses of these studies often suggest an ascertainment bias, lack
of appropriate control groups, and an increased risk, if found, is not
significantly higher than that associated with natural conception in
the general population (Berntsen et al., 2021). The more widespread
use of ART paired with NIPS in the future should provide more
accurate estimates and answers for this often controversial question.

Neocentromeres commonly found in association with these
marker chromosomes, while making it a challenge to identify the
chromosomal origin of the markers, could also add to the challenges
associated with trying to make genotype–phenotype correlations.
The phenotypic variability seen in patients with neocentromeric
marker chromosomes could likely be an indirect consequence of the
local epigenetic changes brought about by the creation of a novel
centromere and its effect on the expression of neighboring genes
(Levy et al., 2000). Future investigations to understand how
neocentromeres could regulate gene expression will open new
avenues to identify epigenetic targets for possible treatment in
patients. This case report adds to the natural history of prenatally
identified neocentric sSMCs. Given the recent advances in prenatal
genomic testing, this clinical scenario may be more frequent than
one might anticipate in the current fetal medicine.
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