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Abstract 

Uniparental disomy (UPD) is when all or part of the homologous chromosomes are inherited from only one of the two 
parents. Currently, UPD has been reported to occur for almost all chromosomes. In this study, we report two cases 
of UPD for chromosome 2 (UPD2) encountered during prenatal diagnosis. The ultrasound findings of the fetuses 
from two unrelated families showed intrauterine growth restriction. The karyotype analyses were normal. The two 
fetuses both had complete paternal chromosome 2 uniparental disomy detected by whole-exome sequencing, 
but their clinical outcomes were significantly different, with fetal arrest in case 1 and birth in case 2. In this report, we 
analyzed and discussed the phenotypes of the fetuses in these two cases and reviewed the literature on UPD2.

Keywords Prenatal diagnosis, Paternal uniparental disomy, Whole-exome sequencing, Genomic imprinting, 
Intrauterine growth restriction

Introduction
The concept of uniparental disomy (UPD) was first pro-
posed by Engel [1] and refers to the phenomenon when 
all or part of an offspring’s homologous chromosome are 
derived from only the father or mother. UPD is a rela-
tively rare chromosomal abnormality [2]. The pathogenic 
mechanism of UPD causing severe clinical phenotypes is 
mostly related to monogenic homozygous mutations or 
the disruption of imprinted gene expression [3, 4]. UPD 
on chromosomes 6, 7, 11, 14, 15, and 20 cause genomic 
imprinting disorders, resulting in disease [5]. For exam-
ple, UPD15 leads to gene imprinting abnormalities in 
the 15q11q13 region, resulting in Prader-Willi/Angel-
man syndrome. Prader-Willi syndrome is a rare genetic 
disorder, characterized by clinical features including 
hypotonia and weakness, severe obesity, hypogonadism, 
and intellectual disability [6]. Patients with Angelman 
syndrome have clinical manifestations such as intellec-
tual defects, microcephaly, ataxia, and seizures [7]. UPD 
of the X chromosome may lead to X-linked recessive 
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disorders [8]. In UPD cases, the possibility of homozy-
gous mutations in autosomal recessive genes is greatly 
increased. Diseases caused by this mechanism have been 
reported, such as LPS-responsive beige-like anchor defi-
ciency, congenital ichthyosis, and Fanconi anemia [9–
11]. The clinical phenotype of the fetus in the two cases 
reported here is closely associated with this mechanism.

With the development of genetic diagnostic tech-
niques, more chromosomal abnormalities or genetic 
abnormalities have been detected during prenatal diag-
nosis, and most prenatal diagnostic techniques such as 
karyotyping, quantitative fluorescence PCR, copy num-
ber variant sequencing (CNV-Seq), and array compara-
tive genomic hybridization cannot be used to screen for 
UPD [12, 13]. Using traditional genetic diagnosis meth-
ods, some cases of UPD may be overlooked [2]. Current 
genetic methods that can detect UPD with high accuracy 
include SNP arrays, short tandem repeat sequencing, and 
whole-exome sequencing (WES) [12, 13].

Here, we describe two pregnant women who had 
abnormal fetal development detected through ultrasound 
examination. Subsequent genetic diagnosis with WES 
found the presence of paternal uniparental disomy for 
chromosome 2. We analyze and discuss the inconsistent 
phenotypes of the fetuses in these two cases and review 
previous literature on UPD for chromosome 2 (UPD2).

Case presentation
Case 1
A 26-year-old pregnant woman presented to our hospi-
tal for prenatal diagnosis because the ultrasound results 
showed that the fetal limbs were abnormally short. She 
had given birth to a healthy baby boy two years before. 
She and her husband had no family history of congeni-
tal malformations, intellectual defects, or other genetic 
diseases. At 29 + 6  weeks gestation, the fetal ultrasound 
findings were as follows: biparietal diameter = 70  mm, 
− 2.55 SD; head circumference = 261  mm, − 1.99 SD; 
abdominal circumference = 247  mm, − 1.27 SD; femoral 
length = 46 mm, − 4.52 SD. Unfortunately, the fetal heart-
beat stopped at 35 weeks + 1 day of gestation.

Case 2
A 33-year-old pregnant woman came to our hospital for 
pregnancy examination late in her pregnancy, which was 
her first. The prenatal ultrasound results done at other 
hospitals showed that the fetal growth was low, but the 
fetal cardiac ultrasound was not abnormal. Subsequently, 
the prenatal diagnosis results suggested that the fetal 
chromosome karyotype was normal, and the SNP array 
results revealed chromosome 2 UPD with unknown par-
entage. The pregnant woman came to our department to 
clarify the genetic abnormality of fetus. At 34  weeks of 

gestation, the fetal ultrasound results showed the fol-
lowing: biparietal diameter = 80  mm, − 2.27 SD; head 
circumference = 288  mm, − 2.15 SD; abdominal circum-
ference = 282  mm, − 1.49 SD; femoral length = 56  mm, 
− 3.56 SD. At 36  weeks + 6  days of pregnancy, the fetal 
membrane ruptured. Considering that the fetus had 
intrauterine growth restriction (IUGR) and might have 
difficulty in normal delivery, the female baby was deliv-
ered by cesarean section.

Materials and methods
Karyotype analysis
After informed consent was obtained, fetal cord blood 
was collected for chromosome karyotype analysis. First, 
conventional cell culture was performed according to 
the standard procedure. Then, the cells were treated with 
colchicine to obtain mitotic metaphase cells. Metaphase 
chromosome specimens were prepared after hypotonic 
and fixation and were stained with Giemsa for banding 
display. Thirty metaphase cells with a resolution of 500 
bands were screened for karyotyping using the Zeiss 
automated chromosome analysis system.

Genomic analysis
Parental peripheral blood samples and fetal amniotic 
fluid were collected after informed consent was obtained. 
Genomic DNA was extracted and purified using the 
QIAamp DNA Midi Kit (QIAGEN, Crawley, UK) 
according to the manufacturer’s instructions. Library 
preparation was performed, followed by whole-exome 
sequencing on the Illumina HiSeq 2500 platform (Illu-
mina, CA, USA). After sequencing data was obtained, the 
sequence alignment was performed with reference to the 
human genome build GRCh37. GATK (v.3.8) software 
was used for single nucleotide variant (SNV) and inser-
tion deletion (indel) detection. ANNOVAR software was 
used to annotate the variants. The annotated data from 
WES were screened: first, it was compared with the 1000 
Genomes Project and Genome Aggregation Database 
to eliminate relatively common genetic variation (minor 
allele frequency-MAF > 1%) in the population. Then, vari-
ants predicted by Variant Effect Predictor that have only 
mild, moderate, and modifying effects on the phenotype 
and are located at non-coding regions were removed. 
Multiple algorithms were then used to make predic-
tions about the deleteriousness of the remaining variants. 
These included SIFT, PolyPhen, ClinPred, and Mutation 
Taster. The mutations predicted as “harmful” and “pos-
sibly harmful” were retrieved from HGMD and Clinvar 
to enrich for and classify rare and potentially pathogenic 
mutations.
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CNV-seq mainly consists of three steps: (1) Genomic 
DNA extraction: Genomic DNA (15  ng) was extracted 
from amniotic fluid cells and fragmented. (2) Library 
construction, purification and quality control: the DNA 
ends of small fragments were complemented by adding 
adenine deoxyribonucleotides and then ligated with the 
universal primer by TA ligation for sequencing to form 
a DNA library. The libraries were then quality controlled 
using quantitative fluorescent PCR. The library needed 
a concentration greater than 10 pmol/L, a melting tem-
perature of 78–81 °C, and normal melting peaks without 
dimerization or broad peaks to pass QC. (3) Sequencing: 
Sequencing was performed on the Nextseq CN500 (Illu-
mina). Approximately 5 million single-end reads of 45-bp 
in length were obtained. Approximately 2.8–3.2  mil-
lion accurately located 36-bp reads were aligned to the 
human reference genome for each sample using the Bur-
rows–Wheeler alignment algorithm and were then allo-
cated into 20-kb bins on each of the 24 chromosomes. 
Then, the log2 value of the average CNV along the length 
of each sequencing bin on each chromosome was calcu-
lated. A log2 value of 0 represents two copies (normal), 
A log2 value of 1.5 represents three copies (duplication), 
and a log2 value of 0.5 represents one copy (deletion). The 
average chromosomal copy number of triploids can range 
from 2.05 (5%) to 2.95 (95%), while the average chromo-
somal copy number of monoploids can range from 1.05 
(5%) to 1.95 (95%). Finally, the pathogenicity of candidate 
variants was evaluated according to the guidelines of the 

American College of Medical Genetics and Genomics 
(ACMG).

Results
The ultrasound findings in the case 1 and 2 fetuses sug-
gested significantly less fetal development than normal 
fetuses at the same age, with normal fetal karyotypes 
(46, XN) and no chromosomal number or structural 
abnormalities. CNV-seq did not show any copy number 
variants. The SNP genotyping results showed that there 
were runs of homozygosity region on chromosome 2 
with a normal copy number of two (Fig. 1). Meanwhile, 

Fig. 1 A There were no heterozygous SNPs on chromosome 2 in the genotypes of fetus 1 and fetus 2. The x-axis shows the number of bases 
of chromosome 2 (in units of 1e8 bp). “Hom” represents homozygote and “Het” represents heterozygote. B The B-allele frequency within the red 
dashed box should have a distribution with a value of 0.5. However, there is an obvious absence of the 0.5 value, with only two values (0/1) present, 
indicating that there has been a run of homozygosity

Fig. 2 Here, a schematic diagram was used to show that by using 
WES, we found that the homozygous loci of chromosome 2 in fetus 
1 and fetus 2 were always consistent with the father, indicating 
that their UPD2 was of paternal origin
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WES sequencing data analysis revealed that the fetal 
genotypes remained consistent with the father at the 
homozygous locus of chromosome 2 (Fig. 2). This sug-
gested paternal UPD throughout chromosome 2. We 
analyzed and filtered the variants detected by WES on 
chromosome 2 with the following selection criteria: (a) 
novel or rare (MAF < 1%) variants, including missense, 
loss-of-function (such as frameshift, nonsense) and 
splice site variants with potential deleterious effects; (b) 
variants are heterozygous in the father and homozygous 
in the fetus; (c) variants follow an autosomal recessive 
inheritance pattern; (d) and are described in the OMIM 
database. In case 1, two rare missense variants were 
found on chromosome 2 in the fetus. Table 1 summa-
rizes the homozygous loci on chromosome 2 that may 
be associated with the clinical phenotype of the case 
1 fetus. Four rare homozygous nonsynonymous vari-
ants were identified on chromosome 2 in case 2 fetus. 
Table  2 summarizes the homozygous loci on chromo-
some 2 of the case 2 fetus. The harmfulness prediction 
results of these variants are also displayed.

Discussion
UPD is caused by chromosome segregation errors during 
meiosis and/or mitosis, which can occur independently 
or jointly [14, 15]. The four main formation mechanisms 
of UPD are often described as monosomic rescue, tri-
somic rescue, postfertilization division errors, and gam-
ete complementation [5, 14]. UPD can sometimes cause 
homozygous mutations in recessive genes or imprinted 
gene expression disorders, leading to serious clinical con-
sequences such as rib dysmorphism, mental retardation, 
or short stature [16–18]. So far, UPD has been reported 
on almost all chromosomes. Cases of UPD2 are less fre-
quently reported [19]. Some of the UPD2 cases reported 
to date were found in children with developmental 
defects or mental abnormalities. Pathogenic mutations 
located on chromosome 2 were detected. UPD2 resulting 
in homozygosity of pathogenic mutations leads to certain 
diseases such as Catel-Manzke syndrome/VCRL syn-
drome, infantile hypotonia with psychomotor retardation 
and characteristic facies 2, and hepatocerebral mitochon-
drial DNA depletion syndrome [3, 20, 21]. Some UPD2 
cases were discovered in normal individuals during 
paternity testing [2, 22, 23].

In this report, we conducted a study on two fetuses 
with abnormal intrauterine development. The limbs of 
fetus 1 and fetus 2 were significantly shorter than those 
of normal fetuses of the same age. Unfortunately, fetus 
1 was stillborn, and fetus 2 was born prematurely. The 
results of karyotyping and CNV-seq showed no numeri-
cal or structural abnormalities of the chromosomes. The 

presence of chromosomal chimerism was also excluded. 
Paternal UPD2 in the fetuses by WES. We performed 
WES to look for potentially pathogenic mutations. Some 
variants that may be associated with IUGR were screened 
by WES, such as the TTN variants. TTN variants have 
been reported to be linked to multiple skeletal and car-
diac myopathies [24]. Genetic analysis results revealed 
that the TTN missense variants in case 1 and case 2 were 
inherited from the father and were homozygous due to 
UPD of chromosome 2. However, TTN truncating vari-
ants are a common cause of dilated cardiomyopathy, 
however their penetrance for dilated cardiomyopathy in 
general populations is low [25, 26]. The TTN variants and 
other variants detected by WES were considered as vari-
ants of uncertain significance according to the guidelines 
of the ACMG. Considering that the fetuses’ parents were 
both healthy individuals and combined with the ACMG 
score, no potential pathogenic mutations were found. We 
consider that the variants detected by WES are unlikely 
to be involved in the intrauterine abnormal development 
phenotypes of the fetuses in both cases. Additionally, 
we speculate that there may be an imprinting region on 
chromosome 2 that may lead to developmental disorders 
or intellectual problems. UPD2 would cause this imprint-
ing region to not be expressed, thus leading to abnor-
mal embryonic development. The effects caused by this 
genetic imprinting region may potentially vary in pen-
etrance across different populations.

This is the first report of UPD2 found in fetuses with 
IUGR that were eventually stillborn. After excluding 
genomic pathogenic mutations, we speculated whether 
there might be potential maternal imprinting regions on 
chromosome 2. Paternal UPD2 prevents the expression 
of the imprinting region and thus affects normal devel-
opment of the embryo. There are currently no reports of 
genetic imprinting regions on chromosome 2 [2, 27]. It 
is possible that an imprinting region on chromosome 2 
has not been discovered yet or has been overlooked due 
to the mild phenotype of the patients. We summarized 
the homozygous variants on chromosome 2 in fetuses 1 
(Table 1) and fetus 2 (Table 2). Since we filtered out genes 
not included in OMIM, further studies may be conducted 
in the future to explore the functions of the filtered genes 
and determine whether they are related to the pheno-
types observed in these two cases. Further validation 
experiments are needed to confirm whether there is an 
imprinting region on chromosome 2. Furthermore, our 
study shows that UPD might not be identified through 
traditional prenatal diagnosis. With the advantages of 
high resolution and throughput, WES technology can 
be used to monitor the presence of UPD in the case of 
microduplications, microdeletions, or single gene point 
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mutations. The combination of WES with cytogenetics 
and CNV-seq has greatly improved prenatal diagnostics.
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