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Androgenetic/biparental mosaicism in a girl with
Beckwith–Wiedemann syndrome-like and
upd(14)pat-like phenotypes

Kazuki Yamazawa1,5, Kazuhiko Nakabayashi2, Kentaro Matsuoka3, Keiko Masubara1, Kenichiro Hata2,
Reiko Horikawa4 and Tsutomu Ogata1

This report describes androgenetic/biparental mosaicism in a 4-year-old Japanese girl with Beckwith–Wiedemann syndrome

(BWS)-like and paternal uniparental disomy 14 (upd(14)pat)-like phenotypes. We performed methylation analysis for 18

differentially methylated regions on various chromosomes, genome-wide microsatellite analysis for a total of 90 loci and

expression analysis of SNRPN in leukocytes. Consequently, she was found to have an androgenetic 46,XX cell lineage and a

normal 46,XX cell lineage, with the frequency of the androgenetic cells being roughly calculated as 91% in leukocytes, 70%

in tongue tissues and 79% in tonsil tissues. It is likely that, after a normal fertilization between an ovum and a sperm, the

paternally derived pronucleus alone, but not the maternally derived pronucleus, underwent a mitotic division, resulting both in

the generation of the androgenetic cell lineage by endoreplication of one blastomere containing a paternally derived pronucleus

and in the formation of the normal cell lineage by union of paternally and maternally derived pronuclei. It appears that the

extent of overall (epi)genetic aberrations exceeded the threshold level for the development of BWS-like and upd(14)pat-like

phenotypes, but not for the occurrence of other imprinting disorders or recessive Mendelian disorders.
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INTRODUCTION

A pure androgenetic human with paternal uniparental disomy for
all chromosomes is incompatible with life because of genomic
imprinting.1,2 However, a human with an androgenetic cell lineage
could be viable in the presence of a normal cell lineage. Indeed, an
androgenetic cell lineage has been identified in six liveborn individuals
with variable phenotypes.3–7 All the androgenetic cell lineages have
a 46,XX karyotype, and this is consistent with the lethality of an
androgenetic 46,YY cell lineage.
Here, we report on a girl with androgenetic/biparental mosaicism,

and discuss the underlying factors for the phenotypic development.

CASE REPORT

This patient was conceived naturally to non-consanguineous and
healthy parents. At 24 weeks gestation, the mother was referred to
us because of threatened premature delivery. Ultrasound studies
showed Beckwith–Wiedemann syndrome (BWS)-like features,8 such
as macroglossia, organomegaly and umbilical hernia, together with

polyhydramnios and placentomegaly. The mother repeatedly received
amnioreduction and tocolysis.
She was delivered by an emergency cesarean section because of

preterm rupture of membranes at 34 weeks of gestation. Her birth
weight was 3730 g (+4.8 s.d. for gestational age), and her length
45.6 cm (+0.7 s.d.). The placenta weighed 1040 g (+7.3 s.d.).9 She
was admitted to a neonatal intensive care unit due to asphyxia.
Physical examination confirmed a BWS-like phenotype. Notably,
chest roentgenograms delineated mild bell-shaped thorax character-
istic of paternal uniparental disomy 14 (upd(14)pat),10 although coat
hanger appearance of the ribs indicative of upd(14)pat was absent
(Supplementary Figure 1). She was placed on mechanical ventilation
for 2 months, and received tracheostomy, glossectomy and tonsillect-
omy in her infancy, due to upper airway obstruction. She also had
several clinical features occasionally reported in BWS8 (Supplementary
Table 1). Her karyotype was 46,XX in all the 50 lymphocytes analyzed.
On the last examination at 4 years of age, she showed postnatal growth
failure and severe developmental retardation.
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MOLECULAR STUDIES

This study was approved by the Institutional Review Board Commit-
tee at the National Center for Child health and Development, and
performed after obtaining informed consent.

Methylation analysis
We first performed bisulfite sequencing for the H19-DMR (differen-
tially methylated region) and KvDMR1 as a screening of BWS11,12 and
that for the IG-DMR and the MEG3-DMR as a screening of
upd(14)pat,10 using leukocyte genomic DNA. Paternally derived
clones were predominantly identified for the four DMRs examined
(Figure 1a). We next performed combined bisulfite restriction analysis
for multiple DMRs, as reported previously.13 All the autosomal
DMRs exhibited markedly skewed methylation patterns consistent
with predominance of paternally inherited clones, whereas the XIST-
DMR on the X chromosome showed a normal methylation pattern
(Figure 1a).

Genome-wide microsatellite analysis
Microsatellite analysis was performed for 90 loci with high hetero-
zygosities in the Japanese population.14 Major peaks consistent with
paternal uniparental isodisomy and minor peaks of maternal origin
were identified for at least one locus on each chromosome, with the
minor peaks of maternal origin being more obvious in tongue and

tonsil tissues than in leukocytes (Figure 1b and Supplementary
Table 2). There were no loci with three or four peaks indicative of
chimerism. The frequency of the androgenetic cells was calculated
as 91% in leukocytes, 70% in tongue cells and 79% in tonsil cells,
although the estimation apparently was a rough one (for details, see
Supplementary Methods).

Expression analysis
We examined SNRPN expression, because SNRPN showed strong
expression in leukocytes (for details, see Supplementary Data).
SNRPN expression was almost doubled in the leukocytes of this
patient (Figure 1c).

DISCUSSION

These results suggest that this patient had an androgenetic 46,XX cell
lineage and a normal 46,XX cell lineage. In this regard, both the
androgenetic and the biparental cell lineages appear to have derived
from a single sperm and a single ovum, because a single haploid
genome of paternal origin and that of maternal origin were identified
in this patient by genome-wide microsatellite analysis. Thus, it is likely
that after a normal fertilization between an ovum and a sperm,
the paternally derived pronucleus alone, but not the maternally
derived pronucleus, underwent a mitotic division, resulting both in
the generation of the androgenetic cell lineage by endoreplication of

Figure 1 Representative molecular results. (a) Methylation analysis. Upper part: Bisulfite sequencing data for the H19-DMR and the KvDMR1 on 11p15.5,

and those for the IG-DMR and the MEG3-DMR on 14q32.2. Each line indicates a single clone, and each circle denotes a CpG dinucleotide; filled and open

circles represent methylated and unmethylated cytosines, respectively. Paternally expressed genes are shown in blue, maternally expressed gene in red, and

the DMRs in green. The H19-DMR, the IG-DMR, and the MEG3-DMR are usually methylated after paternal transmission and unmethylated after maternal

transmission, whereas the KvDMR1 is usually unmethylated after paternal transmission and methylated after maternal transmission.10,11 Lower part:

Methylation indices (the ratios of methylated clones) obtained from the COBRA analyses for the 18 DMRs. The DMRs highlighted in blue and pink are

methylated after paternal and maternal transmissions, respectively. The black vertical bars indicate the reference data (maximum – minimum) in leukocyte

genomic DNA of 20 normal control subjects (the XIST-DMR data are obtained from 16 control females). (b) Representative microsatellite analysis. Major

peaks of paternal origin and minor peaks of maternal origin (red arrows) have been identified in this patient. The minor peaks of maternal origin are more

obvious in tongue and tonsil tissues than in leukocytes (Leu.). (c) Relative expression level (mean±s.d.) of SNRPN. The data are normalized against TBP.
SRS: an SRS patient with an epimutation (hypomethylation) of the H19-DMR; BWS1: a BWS patient with an epimutation (hypermethylation) of the H19-

DMR; BWS2: a BWS patient with upd(11)pat; PWS1: a Prader-Willi syndrome (PWS) patient with upd(15)mat; PWS2: a PWS patient with an epimutation

(hypermethylation) of the SNRPN-DMR; AS1: an Angelman syndrome (AS) patient with upd(15)pat; and AS2: an AS patient with an epimutation

(hypomethylation) of the SNRPN-DMR. The data were obtained using an ABI Prism 7000 Sequence Detection System (Applied Biosystems).
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one blastomere containing a paternally derived pronucleus and in the
formation of the normal cell lineage by union of paternally and
maternally derived pronuclei (Figure 2). This model has been pro-
posed for androgenetic/biparental mosaicism generated after fertiliza-
tion between a single ovum and a single sperm.5,15,16 The normal
methylation pattern of the XIST-DMR is explained by assuming that
the two X chromosomes in the androgenetic cell lineage undergo
random X-inactivation, as in the normal cell lineage. Furthermore, the
results of microsatellite analysis imply that the androgenetic cells were
more prevalent in leukocytes than in tongue and tonsil tissues.
A somatic androgenetic cell lineage has been identified in seven

liveborn patients including this patient (Supplementary Table 1).3–7

In this context, leukocytes are preferentially utilized for genetic
analyses in human patients, and detailed examinations such as
analyses of plural DMRs are necessary to detect an androgenetic cell
lineage. Thus, the hitherto identified patients would be limited to
those who had androgenetic cells as a predominant cell lineage in
leukocytes probably because of a stochastic event and received detailed
molecular studies. If so, an androgenetic cell lineage may not be
so rare, and could be revealed by detailed analyses as well as
examinations of additional tissues in patients with relatively complex
phenotypes, as observed in the present patient.
Phenotypic features in androgenetic/biparental mosaicism would be

determined by several factors. They include (1) the ratio of two cell
lineages in various tissues/organs, (2) the number of imprinted
domains relevant to specific features (for example, dysregulation
of the imprinted domains on 11p15.5 and 14q32.2 is involved in
placentomegaly9,17), (3) the degree of clinical effects of dysregulated
imprinted domains (an (epi)dominant effect has been assumed for the
11p15.5 imprinted domains18), (4) expression levels of imprinted
genes in androgenetic cells (although SNRPN expression of this
patient was consistent with androgenetic cells being predominant in
leukocytes, complicated expression patterns have been identified for
several imprinted genes in both androgenetic and parthenogenetic
fetal mice, probably because of perturbed cis- and trans-acting
regulatory mechanisms19) and (5) unmasking of possible paternally
inherited recessive mutation(s) in androgenetic cells. Thus, in this
patient, it appears that the extent of overall (epi)genetic aberrations
exceeded the threshold level for the development of BWS-like and
upd(14)pat-like body and placental phenotypes, but remained below

the threshold level for the occurrence of other imprinting disorders or
recessive Mendelian disorders.
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Figure 2 Schematic representation of the generation of the androgenetic/

biparental mosaicism. Polar bodies are not shown.
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