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SUMMARY

We present a prenatal case with a 45,X,dic(Y;15) (q11.23;p11.1) karyotype and describe the inheritance pattern of
the chromosome 15s. Chromosome 15 has an imprinted region and inheritance of both chromosome 15 from one
parent results in either Angelman syndrome (AS) (paternal inheritance) or Prader–Willi syndrome (PWS) (maternal
inheritance). Parental chromosome studies revealed that the father carried the same dicentric (Y;15) translocation.
Since familial chromosome rearrangements can result in aberrant chromosomal segregation during meiosis, we
wanted to exclude paternal uniparental inheritance of chromosome 15. By using DNA microsatellite markers at
several 15q11q13 loci, we determined that the fetus had inherited his normal non-translocated chromosome 15 from
his mother. ? 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

Genomic imprinting refers to the differential
expression of genes dependent on whether they are
inherited from the father or the mother. Chromo-
some 15q11q13 is a genetically imprinted region
that has two phenotypically distinct mental
retardation syndromes associated with it. Absence
or disruption of maternally derived chromosome
region 15q11q13 results in Angelman syndrome
(AS), while loss or disruption of its paternally
derived counterpart results in Prader–Willi syn-
drome (PWS) (Butler and Palmer, 1983; Buiting
et al., 1995; Donlon et al., 1986; Knoll et al., 1989;

Magenis et al., 1989; Nicholls et al., 1989a,b;
Williams et al., 1990; Mascari et al., 1992;
Malcolm et al., 1991). AS is characterized by
infantile hypotonia, unfounded bouts of laughter,
severe mental retardation, ataxic movements,
absent speech, disturbed sleep patterns, and
seizures (Williams et al., 1995). PWS children have
hypotonia and failure to thrive during infancy,
hyperphagia leading to obesity in early childhood,
mild to moderate mental retardation, temperature
sensitivity, short stature, and small hands and
small feet (Holm et al., 1993).
Several aetiologies causing disruption of

15q11q13 exist for both syndromes. They include
microdeletions, uniparental inheritance, and bi-
parental inheritance with or without imprinting
centre mutations. The specific aetiology that will
be discussed in this paper is uniparental
inheritance/disomy (UPD), which results from
inheriting both chromosome 15s from one parent.
Maternal UPD results in PWS (Nicholls et al.,
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1989a; Mascari et al., 1992) and paternal UPD
results in AS (Malcolm et al., 1991). UPD results
from non-disjunction and is caused either by the
reduction of a trisomic zygote to a disomic one
or by the correction of a monosomic zygote to
a disomic one (Spence et al., 1988). There is
increased likelihood of aberrant segregation lead-
ing to non-disjunction when a familial trans-
location or other chromosomal rearrangement is
present (Toth-Fejel et al., 1996). We present a case
in which we used DNA markers to determine the
parental origin of the normal chromosome 15 in a
fetus with a paternally inherited chromosome 15
translocation.

MATERIALS AND METHODS

Case report
A chorionic villus biopsy was obtained at

10 weeks on the second pregnancy of a 37-year-old
gravida 2, para 0 female for chromosome analysis.
Both direct and cultured preparations for chromo-

some analysis were set up using standard
procedures (Simoni et al., 1983; Holmes et al.,
1988).

Cytogenetics and fluorescence in situ hybridization
(FISH)

Chromosomes were GTG-banded (Seabright,
1972) and analysis of cells from both the direct and
the cultured preparations showed 45,X,dic(Y;15)
(q11.23;p11.1). A partial karyotype is shown in
Fig. 1A. The origin of the chromatin on the short
arm of chromosome 15 (15p) was determined
during chromosome analysis on a previous preg-
nancy referred for advanced maternal age. In that
pregnancy, the karyotype was 47,XX,15p+,+21.
At that time, parental chromosomes were studied
and it was determined that the phenotypically
normal father had a 45,X,15p+ karyotype. QFQ
(Caspersson et al., 1970) and CBG banding
(Sumner, 1972) were performed to determine the
nature of the additional chromatin on 15p. QFQ
banding showed that the 15p+ was negative for

Fig. 1—(A) GTG-banded chromosome 15s with abnormal chromosome 15 on the right. (B) C-banded chromosome 15s with two
C-bands evident on the abnormal chromosome 15 on the right. (C) DYZ3 hybridization on abnormal chromosome 15. (D)
WCP-Y hybridization on abnormal chromosome 15 (arrow-head) with (E) corresponding DAPI image for chromosome
identification. Normal chromosome 15 is indicated (arrow)
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the Y heterochromatic region (data not shown)
and CBG banding revealed a dicentric chromo-
some 15 (Fig. 1B). FISH was performed to deter-
mine if all the extra material on chromosome 15p
was derived from the Y chromosome. DYZ3,
a biotin-labelled Y-centromere-specific sequence
(Oncor), and a fluorochrome-labelled whole
Y-chromosome paint probe (WCP-Y, Vysis) were
used. Hybridization and detection conditions of
the DNA probes were performed according to
the manufacturer’s specifications and to those
described previously (Knoll and Lichter, 1994).
The biotinylated probe was detected with avidin–
FITC (fluorescein isothiocynate) and the whole
chromosome paint was directly labelled with
spectrum orange and did not require detection.
The cells were counterstained with DAPI (4*,6-
diamidino-2-phenylindole) (0·1 ìg/ìl) and/or pro-
pidium iodide (0·2 ìg/ìl) and mounted in antifade
(Vectashield, Vector Laboratories). Hybridizations
were viewed with an epifluorescence microscope
equipped with dual band (FITC/Texas Red;
Omega Optical) and triple band pass filter sets
(FITC/Texas Red/DAPI; ChromaTech) for the
detection of FITC and spectrum orange/DAPI,
respectively. A standard single band pass filter
(Zeiss) was used to view the DAPI counterstain.
Hybridization with DYZ3 revealed the presence of
a Y-chromosome centromere on the 15p+ chro-
mosome (Fig. 1C) and hybridization with WCP-Y
showed that all extra material on the 15p+ was
derived from the Y chromosome (Figs 1D and 1E).

Microsatellite analysis

Genomic DNA was extracted (Puregene, Gentra)
from peripheral blood lymphocytes of the parents

and from cultured chorionic villus cells of the
fetus. The DNAs were amplified by the polymerase
chain reaction (PCR) at 15q11q13 loci from within
the AS/PWS chromosomal region. The loci with
corresponding primer pairs are listed in Table I.
PCR cycling parameters are referenced in Table I.
Following amplification, electrophoresis of the
samples through a 6 per cent polyacrylamide urea
gel was performed (Albright and Slatko, 1994).
The gel was dried and autoradiographed overnight
at room temperature.

RESULTS

Table I shows the results of microsatellite analy-
sis. Nine loci were examined. Five were informa-
tive and showed that the fetus and the father had
different genotypes. Locus D15S113 was com-
pletely informative (Table I) with the mother
heterozygous for alleles a and b and the father
heterozygous for alleles c and d. The fetus had
inherited allele a from the mother and allele c from
the father. This finding ruled out paternal UPD.
At locus D15S217 (Fig. 2A), the mother was
heterozygous for alleles a and c, the father was
heterozygous for alleles a and b, and the fetus had
inherited alleles a and c. This result alone was not
informative as to parental origin of allele a, but in
combination with the cytogenetic result it showed
that the fetus had inherited allele a from the father
and allele c from the mother. Allele a represents
the dic(Y;15) chromosome. At D15S541, both the
father and the mother were heterozygous for
alleles a and b, while the fetus was homozygous
for allele b (Fig. 2B). Again, by combining the
cytogenetic data with the molecular data, paternal

Table I—Results of microsatellite analysis

Locus (primer name) Mother Father Fetus* Reference†

D15S541 (IR39 R, F) ab ab b Christian et al., 1995
D15S542 (A124A3 R, F) ab ab b Christian et al., 1995
D15S543 (ML34 R, F) ab b b Christian et al., 1995
D15S11 (43RCA R, F) a ab ab Mutirangura et al., 1993
D15S210 (210 R, F) a a a Malcolm and Donlon, 1994
D15S113 (LS6-1CA R, F) ab cd ac Mutirangura et al., 1993
GABRB3 (155-CA R, F) ab b ab Glatt et al., 1994
GABRA5 (A5-39 R, F) ab b b Glatt et al., 1994
D15S217 (217 R, F) ac ab ac GDBID600-687-877

*Bold indicates exclusion of paternal UPD as the genotypes of the fetus and the father are different.
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UPD was excluded. Similar results showing a
difference in paternal and fetal genotypes were
found for loci D15S542 and GABRB3 (see
Table I).

DISCUSSION

The case presented showed a fetus and a father
that shared the same karyotype, 45,X,dic(Y;15)
(q11.23;p11.1). A Y;15 translocation resulting in
a dicentric chromosome is rare (Gal et al., 1987).
This translocation excludes the Yq hetero-
chromatic region, whereas the more common Y;15
translocation is monocentric and contains the
Yq-heterochromatic region (Alitalo et al., 1988).
In stable dicentric chromosomes, one of the
centromeres is thought to become inactivated
and thereby prevent chromosomal breakage
in subsequent cell divisions (Page et al., 1995;
Sullivan and Schwartz, 1995). Depending on which
centromere is active in this (Y;15) translocation,
different aberrant segregation products are poss-
ible. If the Y-chromosome centromere is inactive,
abnormal segregation of the sex chromosomes
may result, with half of the sperm cells having both
sex chromosomes (23,X,dic[Y;15]) and the other
half having no sex chromosomes. This aberrant
segregation is, in part, due to the pairing and
recombination at the distal short arms of the X
and Y chromosomes where homology exists.
Fertilization of these gametes with a normal

female gamete (23,X) would result in
46,XX,dic(Y;15) (Klinefelter syndrome) and 45,X
(Turner syndrome) progeny, respectively.
If the chromosome 15 centromere is inactive on

the translocated chromosome, then abnormal
segregation of the chromosome 15 would result in
one gamete with both paternal chromosome 15s
and one gamete with no paternal 15 chromosome.
Resulting fertilization with a normal female
gamete would result in 46,X,dic(Y;15),+15 and
45,XX,"15, respectively. Neither zygote is viable
unless one of the chromosome 15s is lost from the
trisomic state or duplicated in the monosomic
zygote. Reduction of trisomy to disomy would
result in UPD in one-third of cases and correction
of monosomy to disomy would result in UPD in
all cases (Spence et al., 1988). Paternal UPD
results in Angelman syndrome and maternal UPD
results in Prader–Willi syndrome, respectively.
Biparental inheritance of chromosome 15 (i.e., one
chromosome from each parent) is required for
normal development.
Centromere activity cannot be determined by

standard cytogenetic methods. However, based on
the observed sex chromosome aneuploidy in the
previous pregnancy and the molecular findings in
this pregnancy, it seems likely that the chromo-
some 15 centromere was active in the translocated
chromosome 15. Parental origin of the normal
chromosome 15 was not determined in the pre-
vious pregnancy but was determined in this preg-
nancy. DNA polymorphisms at five of the nine
15q11q13 loci revealed different DNA profiles
between the father and the fetus. By combining the
cytogenetic and molecular data, paternal UPD of
15q11q13 was excluded and biparental inheritance
of chromosome 15 was demonstrated. The findings
from both pregnancies may reduce the risk for
chromosome 15 UPD in subsequent pregnancies
but molecular exclusion of UPD remains as a
recommendation.
The chromosomal translocation in this family

illustrates one example where chromosome 15
UPD testing is relevant and should be performed.
Pseudomosaicism or mosaicism of trisomy or
monosomy chromosome 15, Robertsonian trans-
locations, reciprocal translocations, and iso-
chromosomes are other examples where prenatal
UPD testing of chromosome 15 is indicated. UPD
testing is not limited to chromosome 15 abnor-
malities and should be utilized when other
imprinted chromosomes are involved in a struc-
tural or numerical abnormality or when there is a

Fig. 2—Microsatellite analysis at (A) D15S217 and (B)
D15S541. Maternal DNA is in lane 1 (underloaded in B),
paternal DNA is in lane 2, and fetal DNA is in lane 3. Shadow
bands are evident at each locus
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defined risk for autosomal recessive disease due to
isodisomy. To date, other imprinted chromosomes
include chromosomes 7 (maternal), 11 (paternal),
and 14 (maternal) (for a review, see Ledbetter and
Engel, 1995). UPD testing is most frequently per-
formed by DNA polymorphism analysis but recent
findings have shown that interphase FISH cyto-
genetics is useful in UPD detection of an imprinted
region (White et al., 1996). As a result, future UPD
testing of an imprinted region will be performed by
scoring allele-specific replication patterns on inter-
phase cells from preparations made for routine
chromosomal analysis.



This work was supported by NIH grant
HD18658 (JHMK) and the Beth Israel Pathology
Foundation, Inc.

REFERENCES

Albright, L.M., Slatko, B.E. (1994). Denaturing poly-
acrylamide gel electrophoresis. In: Dracopoli, N.C.,
Haines, J.K., Korf, B.R., Moir, D.T., Morton, C.C.,
Seidman, C.E., Seidman, J.G., et al. (Eds). Current
Protocols in Human Genetics, Vol. 1, New York:
Green-Wiley Appendix 3F.

Alitalo, T., Tiihonen, J., Hakola, P., de la Chapelle, A.
(1988). Molecular characterization of a Y;15 trans-
location segregating in a family, Hum. Genet., 79,
29–35.

Buiting, K., Saitoh, S., Gross, S., Dittrich, B., Schwartz,
S., Nicholls, R.D., Horsthemke, B. (1995). Inherited
microdeletions in the Angelman and Prader–Willi
syndromes define an imprinting centre on human
chromosome 15, Nature Genet., 9, 396–400.

Butler, M.G., Palmer, C.G. (1983). Parental origin of
chromosome 15 deletion in Prader–Willi syndrome,
Lancet, 1, 1285–1286.

Caspersson, T., Zech, L., Johansson, C., Modest, E.J.
(1970). Identification of human chromosomes by
DNA-fluorescent agents, Chromosoma, 30, 215–227.

Christian, S.L., Robinson, W.P., Huang, B.,
Mutirangura, A., Line, M.R., Nakao, M., Surti, U.,
et al. (1995). Molecular characterization of two
proximal deletion breakpoint regions in both Prader–
Willi and Angelman syndrome patients, Am. J. Hum.
Genet., 57, 40–48.

Donlon, T.A., Lalande, M., Wyman, A., Bruns, G.,
Latt, S.A. (1986). Isolation of molecular probes
associated with chromosome 15 instability in the
Prader–Willi syndrome, Proc. Natl. Acad. Sci. U.S.A.,
83, 4408–4412 (correction 83, 6964).

Gal, A., Weber, B., Neri, G., Serra, A., Muller, U.,
Schempp, W., Page, D.C. (1987). A 45,X male with

Y-specific DNA translocated onto chromosome 15,
Am. J. Hum. Genet., 40, 477–488.

Glatt, K., Sinnett, D., Lalande, M. (1994). The human
c-aminobutyric acid receptor subunit â3 and á5 gene
cluster in chromosome 15q11–q13 is rich in highly
polymorphic (CA)n repeats, Genomics, 19, 157–160.

Holm, V.A., Cassidy, S.B., Butler, M.G., Hanchett,
J.M., Greenswag, L.R., Whitman, B.Y., Greenberg,
F. (1993). Prader–Willi syndrome: consensus diag-
nostic criteria, Pediatrics, 91, 398–402.

Holmes, D.S., Fifer, A.M., Mackenzie, W.E., Griffiths,
M.J., Newton, J.R. (1988). Direct and short term
culture preparation of chorionic villi. Is any one
method best?, Prenat. Diagn., 8, 501–509.

Knoll, J.H.M., Lichter, P. (1994). In situ hybridization
to metaphase chromosomes and interphase nuclei.
In: Dracopoli, N.C., Haines, J.L., Korf, B.R., Moir,
D.T., Morton, C.C., Seidman, C.E., Seidman, J.G.,
et al. (Eds). Current Protocols in Human Genetics, Vol.
1, New York: Green-Wiley, Unit 4.3.

Knoll, J.H.M., Nicholls, R.D., Magenis, R.E., Graham,
J.M., Jr, Lalande, M., Latt, S.A. (1989). Angelman
and Prader–Willi syndromes share a common chro-
mosome 15 deletion but differ in parental origin of the
deletion, Am. J. Med. Genet., 32, 285–290.

Ledbetter, D.H., Engel, E. (1995). Uniparental disomy
in humans: development of an imprinting map and its
implications for prenatal diagnosis, Hum. Mol.
Genet., 4, 1757–1764.

Magenis, E.R., Toth-Fejel, S., Allen, L.J., Black, M.,
Brown, M.G., Budden, S., Cohen, R., et al. (1989).
Comparison of the 15q deletions in Prader–Willi and
Angelman syndromes: specific regions, extent of
deletions, parental origin and clinical consequences,
Am. J. Med. Genet., 35, 333–349.

Malcolm, S., Donlon, T.A. (1994). Report of the second
international workshop on human chromosome 15
mapping 1994, Cytogenet. Cell Genet., 67, 1–36.

Malcolm, S., Clayton-Smith, J., Nichols, M., Robb, S.,
Webb, T., Armour, J.A., Jeffreys, A.J., et al.
(1991). Uniparental paternal disomy in Angelman’s
syndrome, Lancet, 337, 694–697.

Mascari, M.J., Gottlieb, W., Rogan, P.K., Butler, M.G.,
Waller, D.A., Armour, J.A.L., Jeffreys, A.J., et al.
(1992). The frequency of uniparental disomy in
Prader–Willi syndrome: implications for molecular
diagnosis, N. Engl. J. Med., 326, 1599–1607.

Mutirangura, A., Jayakumar, A., Sutcliffe, J.S., Nakao,
M., McKinney, M.J., Buiting, K., Horsthemke, B.,
et al. (1993). A complete YAC contig of the
Prader–Willi/Angelman chromosome region (15q11–
13) and refined localization of the SNRPN gene,
Genomics, 18, 546–552.

Nicholls, R.D., Knoll, J.H.M., Butler, M.G., Karam, S.,
Lalande, M. (1989a). Genetic imprinting suggested by
maternal heterodisomy in non-deletion Prader–Willi
syndrome, Nature, 342, 281–285.

115      15

? 1998 John Wiley & Sons, Ltd. Prenat. Diagn. 18: 111–116 (1998)



Nicholls, R.D., Knoll, J.H., Glatt, K., Hersh, J., Brester,
T., Graham, J.M., Jr, Wurster-Hill, D., et al. (1989b).
Restriction fragment length polymorphisms within
proximal 15q and their use in molecular cytogenetics
and the Prader–Willi syndrome, Am. J. Med. Genet.,
33, 66–77.

Page, S.L., Earnshaw, W.C., Choo, K.H., Shaffer, L.G.
(1995). Further evidence that CENP-C is a necessary
component of active centromeres: studies of a
dic(X;15) with simultaneous immunofluorescence and
FISH, Hum. Mol. Genet., 4, 289–294.

Seabright, M. (1972). A rapid banding technique for
human chromosomes, Lancet, 2, 941–972.

Simoni, G., Brambati, B., Danesino, C., Rosella, F.,
Terzoli, G.L., Ferrari, M., et al. (1983). Efficient direct
chromosome analyses and enzyme determination
from chorionic villi samples in the first trimester of
pregnancy, Hum. Genet., 63, 349–357.

Spence, J.E., Perciaccante, R.G., Greig, G.M., Willard,
H.F., Ledbetter, D.H., Hejtmancik, J.F., Pollack,
M.S., O’Brien, W.E., Beaudet, A.L. (1988). Uni-
parental disomy as a mechanism for human disease,
Am. J. Hum. Genet., 42, 217–226.

Sullivan, B.A., Schwartz, S. (1995). Identification of
centromeric antigens in dicentric Robertsonian
translocations: CENP-C and CENP-E are necessary

components of functional centromeres, Hum. Mol.
Genet., 4, 2189–2197.

Sumner, A.T. (1972). A simple technique for demon-
strating centromeric heterochromatin, Exp. Cell Res.,
75, 304–306.

Toth-Fejel, S., Olson, S., Gunter, K., Quan, F.,
Wolford, J., Popovich, B.W., Magenis, R.E. (1996).
The impact of imprinting: Prader–Willi syndrome
resulting from chromosome translocation, recombi-
nation, and nondisjunction, Am. J. Hum. Genet., 58,
1008–1116.

White, L.M., Rogan, P.K., Nicholls, R.D., Wu, B.-L.,
Korf, B., Knoll, J.H.M. (1996). Allele-specific repli-
cation of 15q11–q13 loci: a diagnostic test for detec-
tion of uniparental disomy, Am. J. Hum. Genet., 59,
423–430.

Williams, C.A., Zori, R.T., Stone, J.W., Gray, B.A.,
Cantu, E.S., Ostrer, H. (1990). Maternal origin of
15q11–q13 deletions in Angelman syndrome suggests
a role for genomic imprinting, Am. J. Med. Genet., 35,
350–353.

Williams, C.A., Angelman, H., Clayton-Smith, J.,
Driscoll, D.J., Hendrickson, J.E., Knoll, J.H.M.,
Magenis, R.E., et al. (1995). Angelman syndrome: a
consensus for diagnostic criteria, Am. J. Med. Genet.,
56, 237–238.

116 . .   .

? 1998 John Wiley & Sons, Ltd. Prenat. Diagn. 18: 111–116 (1998)


