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Abstract

Background Chromosomal microarray analysis (CMA) is a valuable tool in prenatal diagnosis for the detection

of chromosome uniparental disomy (UPD). This retrospective study examines fetuses undergoing invasive prenatal
diagnosis through Affymetrix CytoScan 750 K array analysis. We evaluated both chromosome G-banding karyotyping
data and CMA results from 2007 cases subjected to amniocentesis.

Results The detection rate of regions of homozygosity (ROH) = 10 Mb was 1.8% (33/2007), with chromosome 11
being the most frequently implicated (17.1%, 6/33). There were three cases where UPD predicted an abnormal phe-

notype based on imprinted gene expression.

Conclusion The integration of UPD detection by CMA offers a more precise approach to prenatal genetic diagnosis.
CMA proves effective in identifying ROH and preventing the birth of children affected by imprinting diseases.
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Background

More than a decade ago, conventional chromosomal
karyotyping was considered the gold standard for detect-
ing genome-wide chromosomal abnormalities during the
prenatal period [24]. In 2012, Wapner et al. conducted a
comprehensive prospective study, revealing that Chro-
mosomal Microarray Analysis (CMA) not only identified
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additional clinically significant cytogenetic information
compared to karyotyping but also demonstrated equal
efficacy in detecting aneuploidies and unbalanced rear-
rangements. However, it should be noted that CMA did
not identify balanced translocations and triploidies [26].
Karyotype analysis presents challenges due to its labor-
intensive and time-consuming nature, limited resolution,
and susceptibility to issues such as maternal cell con-
tamination and culture failure. In contrast, CMA utilizes
molecular hybridization technology to discern specific
genomic variants. This methodology encompasses array-
based comparative genomic hybridization and single
nucleotide polymorphism (SNP) array techniques. The
SNP array is proficient in identifying regions of homozy-
gosity (ROH), unbalanced chromosome translocations,
and certain forms of marker chromosomes. The CMA
approach, characterized by its high resolution and swift
detection capabilities, has garnered escalating interest
in the realm of prenatal diagnosis. CMA is a genomic
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hybridization method that is superior to karyotype analy-
sis, but it cannot detect balanced recombination and is
more expensive [22]. However, pregnant women may also
benefit from CMA method, which enables the simultane-
ous detection of copy number variations, ROH and SNPs
[19]. There are three scenarios in which ROH appears in
the prenatal sample: (a) Indication of UPD: when a ROH
of >10 Mb occurred on a single chromosome of a fetus (at
the end of the chromosome, ROH > 5 Mb,not at the end of
the chromosome, ROH > 10 Mb), (b) Identity of descent:
ROH>10 Mb appears on multiple chromosomes, indi-
cating a close parental relationship (the closer the rela-
tionship, the more ROH regions), (c) Common ancestral
markers in populations. One or a few chromosomes with
ROH<5 Mb. Uniparental disomy (UPD) refers to the
inheritance of both homologous chromosomes within
a chromosome pair from a single parent. Depending on
the chromosomal type involved in UPD, it can be catego-
rized into different types: Heterodisomy, where an indi-
vidual inherits two different homologous chromosomes
from the same parent, and isodisomy, where an indi-
vidual inherits two identical homologous chromosomes
from the same parent. Silver-Russell Syndrome resulting
from heterodisomy have been documented in the litera-
ture [9]. Only when both parents and offspring are tested
for CMA can the presence of UPD be confirmed. Con-
ducting CMA solely on the offspring can only reveal the
presence of ROH. The determination of UPD can only be
confirmed when both parents and the offspring undergo
CMA simultaneously. Some genes on chromosomes
exhibit parent-specific expression patterns, meaning
they are expressed differently depending on whether they
are on the paternal or maternal chromosome. UPD can
lead to the exclusive expression of genes from one par-
ent, while the genes from the other parent are silenced.
This imbalance in gene expression can contribute to dis-
ease because some genes may be suppressed while others
are overly activated. These genes are known as imprinted
genes. Chromosomes 6, 7, 11, 14, 15, and 20 are chromo-
somes contain imprinted genes [7, 18]. If the UPD event
involves a chromosome that harbors imprinted genes, it
may result in an imprinting disorder [7]. Therefore, we
advocate for the investigation of parent—offspring trios
using CMA to detect (ROH on imprinted chromosomes,
aiming to ascertain the presence of UPD. The aim of this
study is to analyze 2007 fetuses with ROH>10 Mb, to
identify the high frequency chromosomes with ROH,
and to prevent the birth of children affected by imprint-
ing diseases by trios-CMA. Analyzing indications for
invasive prenatal diagnosis, we found that the highest
proportion of indications. Detection of UPD is a useful
diagnostic tool for specific imprinting disorders and rare
Mendelian diseases caused by excessive homozygosity
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[1-3, 14, 28]. This retrospective study was conducted
on pregnant women who underwent invasive prenatal
testing, G-banding karyotyping, and CMA at the Pre-
natal Diagnostic Center of Boai Hospital, Zhongshan,
between September 2019 and August 2022. The study
received approval from the Review Board of Zhongshan
Boai Hospital (Approval No. KY-2023-004-46), and writ-
ten informed consent was obtained from all participating
patients. Specimens comprised chorionic villus samples,
amniotic fluid, and umbilical blood obtained via abdomi-
nal amniotic cavity puncture, guided by B-ultrasound.
These collected samples were subsequently utilized for
both karyotype analysis and CMA detection. According
to the guidelines for the interpretation of fetal chromo-
somal karyotyping analysis [4], cells were harvested and
prepared for G-banding before karyotype analysis was
performed. The karyotypes were characterized follow-
ing the guidelines outlined in the International System
for Human Cytogenomic Nomenclature 2020. In this
study, CMA was performed using an Affymetrix Cytos-
can 750 K array microarray chip. This microarray chip
is based on an SNP array platform provided by Thermo
Fisher Scientific. The analysis followed the recommended
guidelines from the manufacturer, Affymetrix, located
in the USA. DNA extraction was carried out using the
QIAamp DNA Blood Mini Kit, a product of Qiagen situ-
ated in Valencia, CA, USA. The extracted DNA under-
went a series of sequential processes, including digestion,
ligation, amplification, purification, fragmentation, and
labeling. Subsequently, the prepared DNA samples were
hybridized on microarray chips. The hybridized micro-
array chips then underwent washing procedures using
the Affymetrix GeneChip Fluidics Station 450, manufac-
tured by Affymetrix in Santa Clara, CA, USA. After the
washing steps, the microarray chips were scanned using
an Affymetrix GeneChip Scanner 3000. To interpret and
analyze the acquired data, the Chromosome Analysis
Suite (ChAS) v4.1 software was employed. For the pur-
pose of annotation, the GRCh37/hgl9 genome reference
was utilized. This comprehensive workflow facilitated the
examination and interpretation of genetic information
derived from the samples.

Results

Indications for invasive prenatal diagnosis were as fol-
lows: advanced maternal age; fetal ultrasound structural
abnormalities, soft markers(such as increased nuchal
translucency, mild ventriculomegaly, absent or hypo-
plastic nasal bone, choroid plexus cyst and echogenic
intracardiac foci), previous adverse pregnancies, high
risk of serum screening or abnormal non-invasive pre-
natal testing results, chromosomal abnormalities, con-
sanguineous marriages, a history of adverse exposure
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during pregnancy; early pregnancy medication history,
and abnormal family history. The study aimed to explore
the prevalence of ROH and assess the frequency of ROH
occurrence on specific chromosomes. In accordance with
the consensus guidelines of various countries [5, 6, 16,
18], it is recommended to report ROH and detect UPD in
the following cases: the presence of >5 Mb (located at the
end of the chromosome) or > 10 Mb (not at the end of the
chromosome) in chromosomes 6, 7, 11, 14, 15, and 20.
ROH identified through Chromosomal Microarray Anal-
ysis (CMA) was reported following consensus guidelines
from various countries.

The study revealed a prenatal detection rate of
ROH > 10 Mb in cases meeting the aforementioned crite-
ria to be 1.8% (33 out of 2007 cases). The most commonly
associated chromosome with a single ROH of>10 Mb
was chromosome 11, accounting for 17.1% (6 out of 33
cases). Information about fetuses exhibiting ROH on
imprinted chromosomes (6, 7, 11, 14, 15, and 20) is pro-
vided in Table 1. Furthermore, Fig. 1 visually represents
the distribution of 33 instances of ROH>10 Mb across
chromosomes in the 2007 fetuses examined. This analy-
sis contributes to our understanding of the incidence of
ROH on specific chromosomes in the population studied.
In Table 2, the indications for invasive prenatal diagnosis
are presented for 33 pregnant women with ROH > 10 Mb.
Among all diagnostic indicators, the highest proportion
is associated with ultrasound abnormalities, followed by
a high risk of serum screening.

Discussion

For decades, karyotype analysis has been considered
the gold standard for detecting chromosome aneuploidy
during prenatal diagnosis. Karyotype and Chromosomal
Microarray Analysis (CMA) are two prenatal diagnos-
tic methods that have been widely used in recent years
[10, 21, 23]. As molecular cytogenetic methods have
advanced, (CMA has gained prominence and is now sug-
gested as a primary diagnostic test for prenatal assess-
ments. The potential of CMA and the challenges, when
compared to conventional karyotyping, are discussed
below [19]. However, CMA cannot detect balanced trans-
locations or inversions. Karyotype analyses and SNP-
arrays have their own advantages and limitations, and
the combination of these methods provides a rigorous
diagnosis [10, 23]. Uniparental disomy (UPD) is a signifi-
cant factor in various diseases, including abnormal fetal
development, intellectual disabilities, and developmental
delays in children. Approximately 1 in 2000 individuals
carry UPD, and the incidence rate of imprinting diseases
is relatively high, at approximately 1 in 4000 [20]. ROH
in chromosomes can result in homozygous expression
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of recessive pathogenic genes, leading to increased inci-
dence of recessive genetic diseases.

In this study, out of the 2007 samples with indica-
tions for invasive prenatal diagnosis, 33 cases exhibited
ROH>10 Mb. Figure 1 illustrates that chromosome
11 is the most frequently observed chromosome with
ROH>10 Mb, constituting 17.1% (6 cases out of 33).
Among all diagnostic indicators, ultrasound abnor-
malities are associated with the highest proportion, fol-
lowed by a high risk of serum screening (Table 2). While
we have noted this discovery, the precise molecular
mechanism behind it remains unclear, necessitating
further research. A study by Liu et al. [17] conducted
a large-scale investigation on the indication of invasive
prenatal diagnosis in absence of heterozygosity cases
and found that ultrasound abnormalities accounted for
the highest proportion, consistent with our data. Three
cases of imprinting diseases caused by UPD were iden-
tified using SNP-array technology (Table 1). In case 6,
maternal UPD of chromosome 7 was detected through
trios-CMA, which involved comparing CMA results
between uncultured amniocytes and parental periph-
eral blood. The karyotype of the chorionic villus sample
(CVS showed mosaicism with 47,XY,+7[21]/46,XY[44],
while the karyotype of amniocytes was 46,XY. Placental
mosaicism of trisomy 7 was confirmed in the prenatal
CVS. The presence of 46, XY karyotype in amniocytes
may be attributed to trisomy self-rescue [29], in which
the extra paternal chromosome 7 is eliminated, result-
ing in a diploid cell with both chromosomes inherited
from the maternal side. When mosaicism for trisomy
was observed in the CVS on imprinted chromosomes,
consideration should be given to the possibility of con-
fined placental mosaicism. Further chromosomal kar-
yotyping and CMA testing of amniotic fluid samples
are required to rule out UPD in diploid cells formed
as a result of trisomy rescue. Chromosomal mosaicism
might also be associated with the formation of UPD [7].
According to the consensus guidelines [7, 18], maternal
UPD of chromosome 7 is associated with a risk of Sil-
ver Russell syndrome [8]. The couple chose to undergo
termination of pregnancy (TOP) after being informed
of the risk. Cases 3 and 13 had abnormal ultrasound
soft markers and were found to be at risk of transient
neonatal diabetes (paternal UPD of chromosome 6)
[11, 15] and Kagami-Ogata syndrome (paternal UPD of
chromosome 14) [13]. They chose to undergo TOP after
being informed of the risk. Due to the formation mech-
anisms of UPD, low level or undetected mosaicisms
are assumed for a significant number of UPD cases [7].
ROH caused by UPD on chromosomes 6, 7, 11, 14, 15
and 20, may lead to UPD-related disease. When large
ROH is detected on chromosomes 6, 7, 11, 14, 15 and
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Table 1 SNP-array and karyotype results of 15 fetuses with ROH
No SNP-array (ROH) Chromosome  Size (Mb) Indications Karyotype Follow-up
1 arrthg19] 6g13q14.1(71116171_83031752 6 120 High risk of serum 46,XY,inv(9)(p12g13) Two-years-old
)x2 hmz screening growth and devel-
opment is normal
2 arr[GRCh37] 6014.1915(79854364_899168 6 10.0 Ultrasound soft 46,XY one-year-old
43)x2 hmz marker growth and devel-
opment is normal
3 arr[GRCh3716g22. 6 1.2 Thickened nuchal 46,XY TOP
31023.2(123304566_134548143) x 2hmz fold Agenesis
(paternal UPD) of the corpus cal-
losum; High risk
of serum screening;
High risk of neural
tube defects
4 arrlhg19] 7g31 7 13.0;,12.7 Thickened nuchal 46,XX A female infant
.2932.1(115333496_128333758) x 2 hmz translucency with normal exter-
nal examination
5 arrthg19] 7g33q36.3(137994712_1570614 7 19.1 First trimester medi-  46,XY A male infant
74)x 2 hmz cation history with normal exter-
nal examination
6 arr[GRCh3717q11. 7 280 Both spouses have  CVS karyotype:mos TOP
23022.1(74069645_102039696) x 2 hmz thalassemia 47 XY, +7[211/46,XY,[44];
(maternal UPD) AF karyotype: 46,XY
7 arrlhg19] 11p13q13.3(32228901_6921742 " 37.0 High risk of serum 46,XY A male infant
3)x2 hmz screening with normal exter-
nal examination
8 arr[GRCh37]111913.4q14.2(75162918_87295 11 12.1 Advanced maternal  46,XY A male infant
319)x 2 hmz (exclude UPD) age with normal exter-
nal examination
9 arr[GRCh37] 11p15.1p14.1(18804524_30833 11 120 Get a COVID-19 46,XX A female infant
779)x 2 hmz (exclude UPD) vaccine in the first with normal exter-
trimester nal examination
10 arfGRCh37] 11p15.5p15.1(230751_200604 11 19.8 Thickened nuchal 46,XY 9 months old
45)% 2 hmz fold; ultrasound soft growth and devel-
marker opment is normal
11 arr[GRCh37]1 11p11.2913.2(44287149_6823 11 239 Both spouses are 46,XY TOP
9940)x 2 hmz intellectual disability
12 ar[GRCh37] 11p15.3p14.3(12110677_2304 11 10.9 Thickened nuchal 46,XY 6 months old
7939)x 2 hmz translucency; growth and devel-
Pervious adverse opment is normal
pregnancies
13 ar[GRCh37114q11 14 Chromosome 14 Thickened nuchal 46,XY TOP
.2032.33(20520198_107279475) X2 hmz fold; Agenesis
(paternal UPD) of the corpus cal-
losum
14 arrlhg19] 15921.1922.2(48335576_6093124 15 126 Thickened nuchal 46,XX TOP
2)x2 hmz (exclude UPD) translucency; Car-
diac abnormalities
15 arfGRCh37]120q11.21912(29510307_40604 20 1.1 Fetal bowel echo 46,XX 18 months old

830)x 2 hmz

enhancement, left
ventricular intense
spot

growth and devel-
opment is normal

TOP: termination of pregnancy

Thickened nuchal translucency (NT): NT> 3.0 mm; Thickened nuchal fold (NF): NF >6.0 mm

20, UPD verification should be performed, even if the
imprinted gene is not in the ROH [5, 18]. In this study,
when a ROH of>10 Mb occurred on a single chro-
mosome, the most frequently involved chromosome
was chromosome 11 (17.1%[6/33]). However, another

study showed that chromosomes X, 2, and 16 were the
most frequently involved [17]. Additionally, Wen et al.
[27] found that ROH (>1 Mb) was most frequently
observed on chromosomes 8, 2, 6, and 10. It is possi-
ble that the sample size was not large enough for the
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chrl2 chrl4 chrl5 chrl6

Parental genetic factors
Abnormal karyotypes of parents

Table 2 Indications for invasive prenatal diagnosis in 33
pregnancies with ROH> 10 Mb
Indications Patients
with
ROH
Ultrasound abnormalities 16
High risk of serum screening 8
Pervious adverse pregnancies 7
Advanced maternal age 5
Abnormal NIPT results 5
COVID-19 vaccination during early pregnancy 2
Thalassemia in both parents 2
1
1
1

Pregnancy radiation exposure history

NIPT: non-invasive prenatal testing

evidence to be conclusive. Indications for ROH cases
in this study appeared almost at random. We reported
that ROH of>10 Mb increases the risk of recessive
diseases. At the last follow-up evaluation, the children
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chrl19
Fig. 1 The location of ROH on each chromosome. Each vertical line indicates a fetus, and the thick purple line indicates the location of ROH
on the chromosome

chrX

chrl?7 chr20

showed no abnormalities. It is possible that the dura-
tion of follow-up was not long enough, so follow-up
evaluations will continue. Our study had some limita-
tions. While a SNP array analysis can detect isodisomy,
detection of heterodisomy requires analysis of par-
ents. However, many parents do not undergo the trios-
CMA test due to its cost [22]. Heterodisomy cannot be
detected through CMA testing when only fetal CMA is
performed. Previous studies have demonstrated cases
where heterodisomy leads to imprinting disorders [9,
30]. In this study, ROH > 10 Mb was detected in 33 out
of 2007 fetal specimens. However, heterodisomy result-
ing from imprinting disorders could not be excluded, as
CMA testing was not performed on the parents of the
remaining 1974 cases. Additionally, the origin of ROH
was not identified by parental samples in most cases.
Moreover, the data were obtained from a single center,
and incomplete follow-up information may have led to
an underestimation of late-onset adverse phenotypes.
A SNP array can detect large ROH and UPD [12, 25],
whilst trios-CMA can effectively detect UPD that can-
not be identified by karyotype analysis. This may aid in
decision-making regarding pregnancy termination in
cases of UPD-related disease.
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Conclusion

CMA has the capability to detect UPD, a capacity beyond
the reach of karyotype analysis. Additionally, trios-
CMA can further confirm imprinting diseases caused by
imprinted genes, thereby aiding in the prevention of such
disorders in newborns. The integration of UPD detec-
tion by CMA offers a more precise approach to prenatal
genetic diagnosis.

Abbreviations

CMA Chromosomal microarray analysis
SNP-array  Single nucleotide polymorphism array
ROH Regions of homozygosity

UPD Uniparental disomy
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