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Prenatal detection of maternal UPD15 in a new case

with i(15p) by Timing Replication Test (TRT)

and methylation analysis
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Abstract. DNA replication kinetics of the Prader-Willi/Angelman Critical Region
(PWACR) was studied with and without synchronisation in human amniotic cell cul-
tures obtained from 20 cases with normal karyotype and 4 cases with a marker of chro-
mosome 15, respectively. A Timing Replication Test (TRT) was performed
by synchronisation of amniotic cell cultures and followed by interphase FISH to ana-
lyse and compare the early/late replication patterns in SNRPN and UBE3A genes be-
tween the homologues of chromosome 15. Asynchronous replication patterns of the
analysed genes were observed in both amniotic cell cultures but the percentage
of interphase nuclei presenting with asynchronous replication was significantly in-
creased in the cultures with synchronisation (40-51%), as compared to those without
synchronisation (20-23%). The evaluations, performed by means of TRT, showed
asynchronous replication patterns on control values: between 39% and 46% of cells in
all the cases with inv dup(15). In contrast, the percentage of cells with asynchronous
replication in the case with i(15p) was significantly decreased (3-6%), as compared to
the control value, and it may be indicated by uniparental disomy of chromosome 15
(UPD15). In addition, those results have been confirmed by molecular evaluation, us-
ing the methylation diagnostic test for diagnosis of the Prader-Willi Syndrome.

Key words: FISH, Prader-Willi Syndrome, replication, Timing Replication Test, UPD15.

Introduction

About 81% of Extra Structurally Abnormal Chromosomes (ESACs) are derived
from the acrocentrics, the most common being inv dup (15) (BETTIO et al. 1997,
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WANDSTRAT et al. 1998). The inv dup(15) can be classified into two different
groups, those lacking the Prader-Willi/Angelman Syndrome Critical Region
(PWACR) and those containing the region in question. The phenotypes may
be different though, ranging from normal, observed in the majority of cases carry-
ing inv dup(15) and lacking the PWACR region, to cases carrying inv dup(15)
and containing two copies of the PWACR region, the latter usually with mental
and/or developmental retardation (BETTIO et al. 1997, HASTINGS et al. 1999).
Rare cases of Prader-Willi’s Syndrome (PWS) with inv dup (15) have been de-
scribed but the relationship of detected ESACs(15) to PWS phenotype has not
been elucidated in most of the reported cases. It was then hypothesised that the ob-
served phenotype may result from either maternal uniparental disomy of chromo-
some 15 (UPD15mat) or from deletion of the 15q11-q13 region (BETTIO et al.
1997, COTTER et al. 1999, HASTINGS et al. 1999).

Some cytogenetic and molecular techniques may be used for separate diagno-
sis of ESACs(15), deletion of the 15q11-q13 region or UPD15, including high res-
olution GTG banding, FISH technique and deletion/UPD analysis
by the methylation test or microsatellite evaluation. However, each of those tech-
niques has several advantages and limitations, not allowing identification
of the chromosomal origin of the marker, simultaneously to the detection of dele-
tion of the 15q11-q13 region or of UPD15.

This paper presents a TRT test, based on the FISH technique for simultaneous
classification of ESACs(15), localisation of the chromosomal break points
and preliminary delection of UPD15.

Material and methods

Patients

Control studies were performed on human amniotic cell cultures, obtained
from 20 people with normal karyotypes. All the samples were archived in a tissue
bank.

Cases 1, 2, 3. Using the FISH technique with unique probes, specific
for the PWACR region and including D15S11, SNRPN, D15S10, GABRB3 loci
(VYSIS), the presence of inv dup (15), lacking the PWACR region,
and inv dup (15) containing the PWACR region, was confirmed in cases 1-2
and in case 3, respectively. (Table 1, Figure 1). The reports of cases 1, 2, and 3
have already been published (HELSZER et al. 2001, KALUZEWSKI et al. 2001).

Case 4. A pregnant woman from a group of high-risk-affected foetus was ex-
amined. An ultrasound examination of the foetus, performed in the 17th week
of gestation, revealed dextraposition of the heart and malposition of the stomach,
suggesting diaphragmatic hernia and moderate bilateral pyelectases. The results
of biochemical evaluation of the amniotic fluid were normal. Using the routine
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GTG banding technique, the de novo originated marker of the chromosome was
ascertained in the foetal karyotype. The marker was positive for DA/DAPI band-
ing and contained NOR-positive satellites. The FISH technique with
a centromere-specific probe for chromosome 15 demonstrated that ESACs are de-
rived from chromosome 15, being an isochromosome of the short arm of chromo-
some 15 (Figure 1). The pregnancy was continued. During the 27th week
of gestation, the pregnant woman was admitted to hospital with symptoms of foe-
tal asphyxia, caused by abruptio placentae. Caesarean section was performed, re-
sulting in delivery of a live female new-born, who died, however, after 1.5 hours
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Table 1. Characterisation of the ESACs(15) by FISH technique with whole chromosome
paint probe (WCP15q), centromere-specific probe (D15Z) and unique probes specific
for locus D15S11, SNRPN, D15S10 and GABRB3 of chromosome 15

Case D15Z WCP15q D15S11 SNRPN D15S10 GABRB3

1 ++ + – – – –

2 ++ + – – – –

3 ++ + ++ ++ ++ ++

4 + – – – – –

Figure 1. Characterisation of ESACs(15) by FISH technique. WCP15 = Whole Chromosome
Paint probe for q arm of chromosome 15; CEP15 = centromere-specific probe for chromosome
15 (D15Z1); UBE3A/CEP15 = two-colour FISH probes for UBE3A loci (red), CEP15 (green)
and PML loci (red). The CEP15 and PML-specific probe serve as control probes
for chromosome 15 p and q. The arrows show normal chromosomes 15 and the arrow heads

show the ESACs(15)
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Table 2. The mean percentage [% ± SD] of interphase nuclei in G1, S and G2 phases
of cell cycles for unsynchronised (AC1) and synchronised amniotic cell cultures (AC2),
and for cases 1, 2, 3 and 4

Culture/
Case

G1 phase G1/S phase G2 phase
N3

SNRPN UBE3A SNRPN UBE3A SNRPN UBE3A

AC11 69.3±6.29 69.5±5.2 22.8±5.1 23.0±4.7 7.8±4.5 7.5±4.5 20

AC22 41.1±3.36 46.0±4.2 50.1±2.61 40.0±3.81 8.8±7.1 6.0±6 20

Cases 1-3 50.0±5.6 55.8±3.9 46.0±4.23 39.0±6.1 5.0±5.3 5.2±3.1 3

Case 4 89.0±2.1 87.0±1.25 3.0±1.6 6.0±1.45 8.0±2.3 7.0±1.45 1

1 AC1 = unsynchronized cultures of amniocytes
2 AC2 = synchronised cultures of amniocytes
3 n = number of analysed samples

Figure 2. Identification of ESACs(15) by TRT with specific FISH probes for UBE3A loci
(red), CEP15 (green) and PML loci (red). The interphase nuclei with hybridisation signals,
corresponding accordingly to G1 (singlet and singlet), S (singlet and doublet) or G2 (doublet
and doublet) phase of cell cycles. The arrows demonstrate the distribution of hybridisation
signals specific for the used probes within ESACs(15). Other signals (not marked by arrows)
are distributed within normal chromosomes 15. The red signals, specific for UBE3A loci, are

located close to the green signal specific for centromeres



from delivery. An autopsy revealed features of cranio-facial dysmorphism (nar-
row palpebral fissures, prominent nose, microretrognathia, and low-set auricles),
left-side diaphragmatic hernia, secondary pulmonary hypoplasia and atelectasis,
displacement of the mediastinum to the right, and cerebral oedema. Having ob-
tained the results of autopsy, we verified the preliminary cytogentic statement
by means of TRT and of the methylation test for diagnosis of PWS (Table 2, Fig-
ures 3, 4).

Timing Replication Test (TRT)

Synchronisation of cell cultures

Amniotic cell cultures were performed in Bio-Amf-2 medium (Kibutz Beit
Haemek) on Petri dishes (Nunc) for 6-8 days, with medium changes in 2-day in-
tervals. After that period, the BioAmf-2 culture medium was replaced by RPMI
1640 medium (Gibco), supplemented by adding 300 µL of 3.3 × 10–6 M FdU per
2 mL of the medium. The metabolic block was released by thymidine excess
(3.3 × 10–5 M) in the following time intervals: 5, 15, 45, and 135 min. After that
period, the cultures were terminated by a 60 min exposition to 0.08 mL
of colcemide (5 µg/mL; Gibco), and harvested according to the standard
cytogenetic procedure.

Evaluation of DNA replication kinetics of SNRPN and UBE3A genes

The nuclear and chromosomal DNA were decondensed in 25 mM of DiTioTreitol
– DTT/2xSSC (3 min, 37oC), then washed in 2 × SCC (30 min, 37oC) and dehy-
drated by the use of the following alcohol solutions: 70 %, 80%, 100%. An evalua-
tion of DNA replication kinetics of the PWACR region was performed, using
probes provided by VYSIS, including the unique probes specific for SNRPN

and UBE3A genes, labelled with SpectrumRed, premixed with a centromere-spe-
cific probe for chromosome 15 (D15Z) and a probe specific for PML locus, la-
belled with SpectrumGreen and SpectrumRed, respectively. A volume of 10 µL
of a probe premixed with hybridisation solution, was placed on each slide, fol-
lowed by co-denaturation (5 min, 75oC) and hybridisation (16h, 37oC).
The interphase nuclei were evaluated under an Olympus BX61 fluorescence mi-
croscope, equipped with a cooled CCD camera (Quantix, Photometrics) and a fil-
ter set from VYSIS, including DAPI single-bandpass (DAPI counterstain), red
single-bandpass (SNRPN or UBE3A and PML loci) and green single-bandpass
(centromeric sequences of chromosome 15).

The interphase nuclei were scored for hybridisation signals on the cell-by-cell
basis. Particular experiments were performed twice, each time evaluating at least
500 interphase nuclei. The percentages of interphase nuclei presenting with syn-
chronous or asynchronous patterns of replication, respectively to the G1, G1/S,
G2 phases of cell cycles, were recorded according to reports from the literature
(KAWAME et al. 1995, WHITE et al. 1996). The synchronous pattern of replication
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was represented by two single signals (singlets) or two double signals (doublets)
for cells in G1 or G2 phases, respectively. The asynchronous pattern of replication
was identified on the basis of the simultaneous presence of two different signals
(singlet/doublet) for cells in the G1/S phase.

Methylation test for diagnosis of PWS

DNA from amniotic cell cultures was isolated by using a commercial kit
(Kucharczyk Techniki Elektroforetyczne). Studies of SNRPN gene methylation,
including the CpG sequence, were performed according to CHOTAI and PAYNE

(1998). Approximately 500 ng of genomic DNA was digested overnight at 37°C
with both NotI (20 U in a 20 µL of reaction volume) and McrBC (10 U in 10 µL
of reaction volume), followed by inactivation for 20 min at 65°C. A volume
of 100 ng of DNA, either undigested (control reaction) or digested with NotI

and McrBC, was used for PCR amplification. A 1066 bp fragment, containing
the promotor and exon 1 of the SNRPN gene and the 198 bp control fragment of in-
sulin (INS) gene, were amplified with the following primers:
S1 5’AggTCATTccggTgAgggAgg3’,
S2: 5’CCCCTCCTCTACACAgCAATCAT3’
and I1: 5’TgCCTgTCtCCCAgATCACT3’,
I2: 5’gggTCTTgggTgTgTAAAAgAA3’, respectively.

Results

The Timing Replication Test (TRT) was performed by synchronisation
of amniotic cell cultures and followed by interphase FISH to analyse and compare
the early/late replication patterns in SNRPN and UBE3A genes, localised
in the PWACR region between the homologues of chromosome 15. The synchro-
nisation of amniotic cell cultures was obtained by the use of FdU for reversible
blocking of DNA synthesis in G1/S-phase of cell cycles. The optimal time
of the metabolic block release was empirically determined as 65 min, including
treatments with of thymidine solution for 5 min and with colcemid solution
for 60 min. The asynchronous replication pattern of the analysed genes was ob-
served in both amniotic cell cultures, but the percentage of interphase nuclei pre-
senting with asynouchronous replication was significantly increased in the
cultures with synchronisation, as compared to those without synchronisation (Ta-
ble 2, Figure 2). This study demonstrates that in the amniotic cell cultures with
synchronisation, the paternal copies of SNRPN and UBE3A genes replicated ear-
lier than those of maternal copies in 40-51% of analysed cells. In contrast, only
20-23% of cells with asynchronous replication of SNRPN and UBE3A genes were
detected in the amniotic cultures without synchronisation. The evaluations, per-
formed by means of TRT, showed the asynchronous replication pattern on the
control value: between 39% and 46% of cells in cases 1, 2, and 3 (Table 2, Fig-
ure 2). Thus, no statistically significant differences were shown between the re-
sults of TRT obtained in Cases 1, 2, and 3, and in the control group (p > 0.05).
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In case 4, a synchronous replication pattern for SNRPN and UBE3A genes was in-
dicated in more than 95% of the informative interphase nuclei (Table 2, Figure 2).
Only 3% and 6% of cells showed the presence of asynchronous replication pattern
for SNRPN and UBE3A genes, respectively. The obtained results were signifi-
cantly decreased, as compared to the control values (p < 0.05), which may
be caused by UPD15. Reassuming, UPD15 was revealed only in the case with
i(15p) and excluded in other cases, by using the TRT. The results, obtained by the
use of the TRT, were confirmed by an analysis of SNRPN gene methylation.
In cases 1, 2, and 3, specific PCR products of the SNRPN gene were demonstrated
after both NotI and McrBC digestion, whereas in case 4, only after digesting with
NotI. It is evidence for the presence of only maternal copies of the SNRPN gene
in that case (Figure 3). The analysis of interphase nuclei additionally provided
a possibility for a classification of ESACs(15). The ESACs, derived from chromo-
some 15, were observed in 3 cases after prenatal and in 1 case after postnatal stud-
ies. The FISH technique with the centromere-specific probe for chromosome 15
indicated the presence of inv dup(15) in 3 cases and of i(15p) in 1 case. The FISH
technique with SNRPN and UBE3A-specific probes demonstrated that
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Figure 3. Methylation test for diagnosis of PWS. Acrylamide gel showing PCR products
of SNRPN (1066 bp) and INS (198 bp) obtained from case with UPD15 (lanes 1-3) and control
case (lanes 4-6), undigested (lanes 3 and 6) and after NotI (lanes 1 and 4) or McrBC (lanes 2
and 5) restriction digestion. The SNRPN product is absent after McrBC digestion (lane 2),
confirming diagnosis of maternal UPD15. Lane 7 presents molecular weight marker –

pUC19/Bsp RI/Taq (1044-80 bp)



the ESACs(15) in 3 cases diagnosed prenatally did not contain the PWACR region
(cases 1, 2, and 4), whereas the inv dup (15) in case 3, with mental
and psychomotor retardation, contained 2 copies of that region (Figure 1). In case
3, in which the presence of the PWACR region was confirmed, determination
of the parental origin of the abnormal chromosome was attempted, following
the evaluation of allele-specific replication of SNRPN and UBE3A genes within

the marker, in comparison to normal chromosome 15. In the majority of the
interphase nuclei that showed an asynchronous replication timing, we found that
both copies of the above-mentioned genes within the marker chromosomes went
through maternal late replication. Consequently, it was possible that the marker
chromosome was of maternal origin (Figure 4). However, this hypothesis is con-
troversial and, in the future, can be confirmed only by a specific molecular analy-
sis.
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Figure 4. Determination of the maternal origin of ESAC(15). The yellow arrows show
the signals specific for SNRPN or UBE3A genes (yellow arrows) and centromeric sequences
of chromosome 15 (yellow arrowheads), located within ESAC(15). The white arrows show
singlet or doublet signals specific for SNRPN or UBE3A genes, located within normal

chromosomes 15



Discussion

The design of TRT has enabled a statistically significant increase in the percent-
age of interphase nuclei with asynchronous replication patterns in the cultures
with synchronisation, as compared to those without synchronisation. Similar stud-
ies have been performed by other authors in PWS cases on cell cultures without
synchronisation, performed from peripheral blood lymphocytes (KAWAME et al.
1995, LIN et al. 1995, WHITE et al. 1996, YESHAYA et al. 1999). An advantage
of the current test is that, beside facilitating the interpretation of results, it can also
be useful in the diagnosis of rare cases with BPD15 (Biparental Disomy)/UPD15
mosaicism. Additionally, we explored the decondensation treatment of nuclear
DNA as a potential way to increase double signal resolution but we did not notice
that it had a significant effect on the percentage of the cells with detected asyn-
chronous replication patterns. However, it is somewhat helpful to obtain strong
signals and reduce the introducing background.
The present studies allowed to diagnose of UPD15 in case 4, in which the risk
of abnormal phenotype occurrence had initially been assumed to have been low,
limiting it to the determination of the “genetic activity” of i(15p). In that case,
the developmental abnormalities of the foetus and dysmorphic features, as ob-
served after autopsy, were associated with maternal UPD15, whereas the presence
of the chromosome marker probably did not contribute to the abnormal pheno-
type. Finally, the high risk of PWS occurrence was confirmed by finding the ma-
ternal uniparental disomy of chromosome 15 in the case with isochromosome
of chromosome 15. In the remaining cases with inv dup (15), which did not con-
tain the PWACR region, the risk of abnormal phenotype was determined as low.
The described case 4 allowed to confirm that the presence of ESAC(15) signifi-
cantly increases the risk of UPD15 occurrence, and thus the prenatal evaluation
of UPD15 can become a routine in each case of ESAC(15).
In case 3, maternal late-or-paternal early replication on both SNRPN and UBE3A

genes was found within the inv dup(15) in 97% of interphase nuclei, regardless
of the fact that they participated in differentiated genomic imprinting. The ob-
served reverse replication timing at UBE3A confirms the earlier hypotheses about
a probable passive consequence of the replication requirements of other genes, lo-
cated in the same domain of replication timing and having an opposite pattern
of allelic expression (HANSEN et al. 1995).

Conclusion

This study demonstrates that the proposed TRT may be helpful for a prenatal diag-
nosis of cases with ESAC(15), as it allows a simultaneous determination
of the chromosomal origin of the marker, localisation of the chromosomal break
points, as well as preliminary evaluation of UPD15. In addition, all the above di-
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agnostic information can be imultaneously obtained within a one-step examina-
tion, which provides an attractive alternative for the cytogenetic laboratories
involved in prenatal diagnostics in which the molecular evaluation of UPD15 is
not available within a short time.
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