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Abstract Bschgrwm' F'rader—wuh syndm isa 93-

studied their parents. Three patients with Prader—Willi

netic d by infantile hypot obesi-
ty, h and mental ion, but it Is difficult
1o dlagrmn clinically in infants and young children. In
about two thirds of patients, a cylogenetically visible dele-
tion can be detected in the paternally derived chromo-
some 15 (15q11q13). Recently, patients with Prader—Willi
me have been described who do not have the cyto-
genetic deletion bul instead have two copies of the
15q11q13 region that are inherited from the mother (with
none inherited from the father). This unusual form of inher-
itance is known as maternal uniparental disomy. Llslng

¥ who had a cylogenetic deletion served as

controls.
Resuilts.
deletion (60 p of
maternal unlpetenlal dﬁomy for chromosome 15 and its
i age. In another eight

patients (27 psrusntl. we identified large molecular dele-
tions. The g four p (13 p ) had evi-
dence of normal b | inheri for
15; three of these paﬂanls were the only ones in the study
who had some atypical clinical features.

In 18 of Iha 30 patients without a cytogenetic

genetic we ht to
f:aquancy of uniparental disomy in Prader—Will syn—
We d molecul using
DNA markers within 15q11q13 and elsewhere on chro-
mosome 15 in 30 patients with Prader-Willi syndrome
who had no y visible deletion. We also

RADER-WILLI syndrome is a complex develop-
mental and neurobehavioral genetic disorder af-
fecting approximately | in 10,000 newborns.' [t repre-
sents the most common dysmorphic form of obesity,
with more than 700 cases reported.® Glinical diagnosis
of Prader—Willi syndrome can be difficult because of

In about 20 percent of all cases, Prader—
\MIII syndrome results from the inheritance of both coples
of chromosome 15 from the mother {mahamal uniparental
disomy). With the use of ¢y and molec-
ular techniques, the genetic basls of F'raﬁar Willi syn-
drome can be identified in up to 95 percent of patients.
(N Engl J Med 1992;326:1599-607.

tion or learning disabili Early diagnosis of Pra-
der—Willi syndrome is essential for medical and nutri-
tional management as well as for appropriate genetic
counseling.

Chromosome 15 was first implicated in the etiologic
process of Prader—Willi syndrome by reports of a
t(15;15), in several patients.™* High-

the subtle nature of the dysmorphic ¢ and the
wide discrepancy b the clinical | ion in
infancy and that seen in childhood, adolescence, and
adulthood The first phase of the disorder is char-
acterized by hypotonia, with a poor sucking reflex,
hypogonadism, and subtle dysmorphic features, The
second phase typically begins between two and four
vears of age, with the development of hyperphagia
(leading 1o obesity) and exireme changes in tem-
perament, Other features include short stature, small
hands and feet, and various degrees of mental retarda-
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that 55 1o 70 percent of affected patients have a de-
letion of 13q11q13, a finding that has aided in the
early diagnosis of the disorder.®" Other rearrange-
ments of 15g11q13 have been identified, although
they oceur in less than 4 percent of p-llll:ﬂl.! with Pra-
der—Willi syndrome.*” The remaining 25 1o 40 per-
cent of p.mcnts have no detectable al in chro-
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patient (Patient 28), one patient (Paticnr [4) with 3 spontaneous
balanced wanslocation (t(8;18){p24.1;,923)). and one patient (Pa-
tient 26) mosaic for a marker chromoome of unknown origin.
There were 15 mabe and 15 female patients, ranging from 2 w 41
years af age. Patients 2, 3, 4, 5, and 6 have been descnibed i a
previous report.™ In addition, preliminary molecular findings in
Patients | and 2 have been reported previously.™

mosome 15.%

A similar chromosome 13 deletion has been found in
Angelman syndrome, a clinically distinet neurobehav-
joral disorder characterized by severe mental retar-
dation, lack of speech, inappropriate paroxysms of
laughter, seizures, ataxic gait, and puppet-like move-
ments of the limbs.*'* The critical deletion regions in
both syndromes appear to overlap substantially i in the
majority of allected patients at the cytogenetic' " and
molecular™" level. However, the parental origin of
the deletion differs: only paternal deletions occur in
Prader—Willi synd 1% and only I dele-
tions have been demonstrated in Angelman syn-
drome."™'"'* The dependence of the clinical outcome
on parental origin is strongly supported by the molec-
ular demonstration in Prader—Willi syndrome of ma-
ternal uniparental disomy (in which both copies of
chromosome 15 are inherited from the mother and
none are inherited from the father).™ Paternal unipa-
rental disomy has been shown in Angelman syn-
drome*'* These observations imply lhal the phn:no-
typic expression of both synd is d d by
the parental origin of a gene or genes within chromo-
some 15q11q13. The dtffcrenmi de!flCnthl‘J and ex-

and Studies

Chromosomal sudies were carried out in n{h
band bevel with the wse of standard technigues.!
ular studi , genomic DNA was extracted from peripheral-blood
ymphocytes,” and 3 pg of DNA was digesied with the appropriate
restriction enzyme. The DNA was then separated by agarose-gel
electropharesis, transferred (o nybon membranes, and prehybridized
and hybridized with DNA probes under standard conditions.™
Membranes were washed at 56°C, or 49°C for probe IR$-3R, in
0.1% saline sodium citrate bufer (0,015 mol of sodium chloride per
Fiter, 0.0015 mol of sodium citrate per liter, and 0.1 percent sodium
dodecyl sulfate) for one hour.

DNA Probes

Seven DNA probes specific for chromosome 151113 were used
in the molecular studies (the loci defined are given in parentheses):
34 (D1559), 3-21 (DI5510), IR4-3R (D13511), IR10-1 (DI5S12),
189-1 (D15513), IR39d — & Sacl/Hind111 subfragment of 1R39
(DISSI8) — and CMW-1 (DISSM). " The restriction-frag-
ment-length pul\mm?lu:un (RFLPs) for these probes have been
described previoushy. ™™ In addition, a three-allele RFLP for
IR4-3R with lp-!-d:mml DNA was analyzed after separation
by field gel electropl data). Sever-
al genomic prnbﬂ distal 1o 15q11q13, MS1-14 (defining locus
DI551), DP15] (defining locus DI582)," and MS620 (defining
locus V15586, a variable-number tandem repeat (VNTR) probe
that mags near the telomere of chromosome 13, were abo used.
(MS620 has been deposited with the United Kingdom Human Ge-
nome M.lppmq Progect Resource Center, CRC, Watford Rd.,

pressmn of alleles of a gene dep on
origin are known as genomic imprinting. Prader-Willi
and Angelman syndromes are |I|e clearest examples to
date of g gin | H This dif-
ferential expression \ has subsequen(l\- been confirmed
by two additional studies,™*" and a recent editorial in
the fournal reviewed the clinical implications of ge-
nomic imprinting.*
ince molecul. lysis has r d large dele-

tions of 15q|ll*|3 in many pali:n:s with Prader—
Willi synd * and pi y studies in pa-
i hout this deletion have shown uniparental
we designed a study to determine the fre-

ency of I disomy in § who have
Prader—Willi 5yndrumc but not the classic chromo-
some 15q11q13 deletion.

MeTHons
Patients

To be eligible for the study, patients had 1o have features consid-
ered essential for the diagnosis of Prader=Willi syndrome, as docu-
mented by a clinical evaluation or a study of their medical ree-
onds'*; bath biologic parents availabie for study; and ne evidence
of a chromosome qul]q!s deletion on the basis of a cytogenctic
evaluntion. Thirty patients met the criteria and were included in the
study. Three patients (one female and two male) with

Harrow, HAI 3U], United Kingdom, and can be nl»
tained from Dr. Gabrielle Fisher.) The number of copies of each
15q1 Iq 1 3-sperific sequence of DNA was determined by ¢

with an internal standard, H2-26 (defining locus DISS28), a
DNA probe specific for chromosome 13 with Himd mui
DNAMTS Each proband in this study inherited one mwnal and
one paternal allele for ' HVR (defining locus D16583), a VNTR
probe specific for chromosame 16 — a pattern consistent with
hiologic paremage.

Statistical Analysis

Statistical analysis of parental ages was carried out with analysis
of variance.

Resuuts

Molecular Deletions in Prader—Willi Syndrome

We detected molecular deletions in 8 of 30 paticnis
with Prader-Willi syndrome (27 percent) without a
cytogenetic deletion on the basis of RFLP swudies (Fig.
1A} and the determination of the number of copies
per genome of each DNA probe (Fig. I1B). The dele-
tions encompassed either five DNA probes specific for
the 15ql1gl3 chromosomal region (IR4-3R, 189-1,
34, 3-21, and IR10- i] or these five probes plus a proxi-
mal probe, IR39d."" Since similar deletions of these
markers in patients wlth J\ngr!man syndrome can be

deletions of chromasome 15 were included in the study as controls.
The study population included one set of monozygotic twins con-
cordant for Prader=Willi syndrome { Paticnts 7a and 7h), one black

d cytoge * the deleti d here
in Prader—Willi s\'ndmmc may be detectable cytoge-
netically at a higher level of resolution. One patient



Val, 326 Ne, 24 UNIPARENTAL DISOMY IN PRADER-WILL] SYNDROME — MASCARI ET AL 1601

Patient Patient Patient Palient Control Patient Patient
FO a7 8 23 Patien 24 25
Kb Probe
Control —90
Patient 1 —l.’:|a-z| (Tadl)
—82
1 2 3
‘ kb Probe 123 4 56 7 8 9011127131415 1617 1819 20
Patient 8 8

—8
—u]n: (Tagi)

Patients 7A and 7B

Patient 9 Patient 29

kb Probe Kb Probe
—38 —-175 1
1891 (Tagh) fal
101 (Seal)
—20  |189-1 (Tagh
— 125 =
—10C
—11C
—175
= ‘a'}mm | Seal) 34 (| Scaf)
- 175
=18 iR10-1 (Seal) =85 |
] X
—125
12 3 4
c o

Figure 1. nmmmwmwmurmammmm Prader=Willi Syndrome with DNA
Probes Specilic for Chromosome 15q11g13,
mhmdm&wwmmmgmlnpwﬂm Pﬁﬂdlllmuﬂeﬁ\ﬂﬂlﬂmmhhnﬂa

The sizes of the DNA are listed in {kb). C fragment. Probands are denot-
uwmmw;&m»ummwﬁﬂPsmmhmm Bulhpmbmdallaﬂcl}mh‘admmpyola
maternal allele (lane 3}, but no (lana 2). In Panel B, of copies per 15q11q13-specific
mnmwmmwwmwmd crumwmmm-as}m proband, a deletion is
indécated by a minus sign, and a two-copy hybnidization by a plus sign. Pane! C shows inthe gotic twins, as
dﬂmnypm!m!lwaubndum}wo!pwhelmm !Mmmmlmmmmﬂcmw unipa-
rental disomy present was isodisomy, whereas probe 34 was uninformative. Panel D shows uniparental disomy in two additional

probands with Prader-Willi syndrome, as detected by probe IR10-1, arumﬂommomymammlmgmummnad: as detecied
by probes 189-1 and 34,
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with Prader-Willi syndrome had a smaller molecu-
lar deletion than has previously been deseribed in the
literature (and unpublished data), and one of the
control patients with a eytogenctic deletion had a larg-
er molecular deletion. Analysis of DNA from 9 of
the 11 patients with Prader-Willi syndrome with a
eytagenetic (the three controls) or a molecular dele-
tion did identify the parenial origin; all these deletions
oceurred on the paternally derived chromosome 15
(Fig. 1A), as found in previous studies.'™'"

Uniparental Disomy in Prader—Willl Syndrome

Uniparental disomy refers to the inheritanee of two
copies of a genetic locus from only one parent™* and
can be detected when the mother's alleles differ from
the father's alleles at a particular locus. The following
three inheritance patterns detected by molecular anal-
ysis are indicative of uniparental disomy in Prader—
Willi synd maternal isodi “ the inheritance
of two copies of an allele from a heterozygous mother
and of none from the father; maternal heterodisomy, ™
the inheritance of one copy of each allele from a her-
erozygous mother and of none from the father (the
detection of this pattern requires a marker system
with a minimum of three alleles); and maternal diso-
my, the inheritance of two copies of a gene at a par-
ticular locus only from the mother, with apparent ho-
mozygosity of both mother and child. The third
pattern does not distinguish between isodisomy and
heterodisomy.

Twenty-two of the 30 cytogenetically normal study
subjects inherited two copies of each of the chromo-
some |5 loci. For example, we determined the number
of copies of each DNA locus in three patients with
maternal uniparental disomy and found that they had
two copies of DNA probes 189-1 (Patient 26) or IR10-
1 {Pavents 24 and 25) (Fig. 1B). Eighteen of these
patients with an intact 15q11q13 region were subse-
quently found to have maternal uniparental disomy
on RFLP analysis* (Fig. 2).

Uniparental disomy in Prader—Willi syndrome was
also detected in a pair of monozvgotic twins { Patients
7A and 7B). Probe 189-1 detected two copies of the
maternally specific 3.8-kilobase (kb) band in Tagl-
digested DNA, but no paternal 2-kb band (Fig. 1C,
upper autoradiograph). This pattern is that of mater-
nal disomy, but lh: probe used dld not determine
whether or not the b
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(Fig. 1C, lower autoradiograph). Analyses of DNA
from Patients 9 and 29 showed that both had maternal
disomy at the IR10-1 locus (Fig. 113). However, analy-
sis with probes 189-1 and 34 of DNA from Patients 9
and 29, respectively, showed that two different alleles
were inherited but did not identify the parental origin
of the alleles (Fig. 1D). Uniparental disomy at IR10-1
flanked by closely linked markers that are heterozy-
gous suggests the likelihood of maternal heterodisomy
for much or all of 15q1 113, provided that recombina-
tion between these markers has not occurred.

Probes localized 10 the 15q11q13 region identified
12 of the 18 cases (67 percent) of uniparental disomy.
Fourteen patients were heterozygous at several lodi,
but the probes did not identify the parental origin of
the two alleles (Fig. 2). At cach of these lod, the in-
formative allele was consistently of maternal origin
(no paternally informative alleles were detected ). sug-
gesting that maternal uniparental disomy might be
demonstrated in a significant proportion of these pa-
tients with the use of more informative DNA probes.
MS620 (defining locus D15586), a highly informative
probe near the telomere of chromosome 13, identified
uniparental disomy in DNA from 11 of the 17 patients
tested (65 percent), including 5 of the 6 patients in
whom it was not detectable with 15q11q13 DNA
markers (Fig. 2). For example, heterodisomy was
found at the MS620 locus in Patients 12, 14, 18,
and 25, whereas isodisomy was found in Patients 17
and 26 (Fig. 3). The remaining case of maternal
uniparental disomy (in Patient 13), which was not
detected with 15q11q13 or MS620 probes, was iden-
tified with probe MS1-14 (defining locus DI5S1)
(Fig. 2).
Biparental Inheritance in Prader-Willi Syndrome

Four patients (13 percent) without eytogenetic de-
letions had biparental inheritance of chromosome
15q11q13.* For example, Patient 27 inherited one pa-
ternal (2.3 kb) and one maternal (approximately
1.2 kb) allele with the MS620 probe (Fig. 3). Three
patients with biparental inheritance (Patients 15, 27,
and 28) did not have the classic features of Prader—
Willi syndrome. One paticnt (Patient 27) had a bul-
bous, upturned nose, sparse hair, and large hands
and feet and did not have compulsive cating behav-
ior. She apparently does not have Prader-Willi syn-

n the
twins were identical. Isodisomy was identified with
probe IR10-1: the twins each inherited two copies of
one allele (12.5 kb) from their heterozygous mother
(Fig. 1C, lane 4), since their father (lane 3) was homo-
zygous for a third, distinguishable allele of 17.5 kb

Station, New York, NY I0163-3513. Remit in advance (in U.S. funds oaly)
$7.78 foe o 34 for micrafiche, Outside the U5, snd Cansds sld
possage of $4.50 {3130 for microfiche postige). There is a $13 invoicing charge
oo sll onders illed before payment.

drome, although a revised diagnosis has not yet been
made. The fourth patient with biparental inheritance
(Patient 19) had a typical clinical appearance that
could not be distinguished from that of pati with
Prader—Willi syndrome who have a deletion or unipa-
rental disomy, all of whom have classic phenotypic
features.

Effect of Maternal Age in Prader—Willi Syndrome

Both the mothers and the fathers of the patients
with uniparental disomy were significantly older |.h=1|
the parents of the pat with cy or
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Figure 2. Panm of Uniparental Disomy in 18 Patients with Prader—Wili Syndrome.

The order of seven DI chromosome 15011913 and three DNA probes distal to this region is shown from the centromens

MA probes within
(cen) to the telomere (tel)™"*** (and unpublished data). Brackets indicale thal the order of probses is unknown. The loci defined are
molecular classes

Ested above the probes. Four alternative

of deletions in Prader— Wil

. as discussed in the text, are shown

(deletion region). DNA probes MS1-14 and DP151 map fo 15q14-q22, whereas MS620 maps close to the telomere. Cytogenetic
heteromarphisms (15p/cen) are nofed.

Patient 1 was not studied with

M5620, and locus IR39d was not evaluated in Patients 3, 4, 5 6, and 2. In addition, not all famikes

probe
ware avaluated with probes MS1-14 and DP151. Patient 24

after digestion of DNA with Kpnl

and was found to be heterozygous with the use of Styf* at the IR4-3R locus, and Patient Swasbundtnbehalammuus with the use of
Pwll at the IR4-3R locus (unpublished data).

lar deletions (P = 0.018 for mothers and P = 0.0085
for fathers) (Table 1). Because of the evidence of ma-
ternal nondisjunction, it is presumed that the paternal
ages simply reflect the mothers’ ages.

Discussion

Uniparental disomy was suggested by Engel as a
likely mechanism of disease, given the high rate of
germ-cell aneuploidy in humans."* However, this type
of inheritance in which both chromosomes of a par-
ticular pair come from the same parent seemed to vio-
late traditional genetie theory, The first conclusive
evidence af its occurrence in humans* was obtained

mnteresting rarity.™* In the present study, we found
that the selection of cytogenetically normal patients
with Prader-Willi syndrome greatly increases the fre-
quency of detection of uniparental disomy. Of 29
patients with Prader—Willi syndrome who did not
have a cytogenctic deletion, E? (59 prrcenl} had ma-
ternal unip | disomy for cb
(the monozygotic twins were counted as 1), ‘:ma:
two thirds of patients have a eytogenetic deletion
one fifth of all those

1al disomy for ¢
[requency in a hun:an disease. These conclusions are

after the development of molecular technig al-
though at the tme it was thought “unlikely that uni-
parental disomy will turn out to be anything but an

d by the dent finding that 7 of 37
p:menl.s wuh Prader-Willi syndrome had uniparental
disomy." Uniparental disomy has now been found for
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| Disomy in Prader—Willi Syndrome with a Highly Informative Chromosome 15 DNA Probe.

Autoradiographs are shown for probe MS620, on Alul

i DNA from

families with a proband with Prader-Willi

syndrome. The sizes of DNA standards are listed on the right.

10 human chromosomes (unpublished data), suggest-
ing that it may be more common than previously
proposed.

Our data on cytogenetic and DNA markers span-
ning the length of chromosome 1 18 patients with
Prader-Willi syndrome show that the entire chromo-
some is involved in uniparental disomy. Additional
markers throughout 15g with a high degree of poly-
morphism*” will substantially aid in the detection of
uniparental disomy and help identify the type (iso or
hetera) of disomy present (unpublished data). The
different types of disomy reflect two events occurring
during meiosis: nondisjunction and recombination. In
each case, the disomic state near the centromere iden-
tifies the stage of meiosis at which nondisjunction oc-
curred. Heterodisomy in the region of the centromere
indicates the occurrence of a nondisjunctional error
during the first meiotic division, whereas isodisomy
close to the centromere identifies either an error occur-
ring during the second meiotic division or a postzygot-
ic event.* Accordingly, at least 60 percent of the 17
independent events analyzed in our study occurred
during the first meiotic division, and this value might
be closer to B2 to 94 percent, if markers proximal to
loci IR4-3R and IR39d could be scored in the six pa-
tients in whom these analyses were uninformative
(Fig. 2). These findings are similar to those in trisomy

21, in which the extra chromosome results from a ma-
ternal error during the first meiotic division in the
majority of cases.™ In addition, the regional patterns
of heterodisomy and isodisomy that we detected
(Fig. 2) are explained by the occurrence of recombina-
tion before nondisjunction. The localization of these
recombination events allows polymorphic genes or
markers to be mapped with respect to these sites (un-
published data).

The evidence that maternal nondisjunction repre-
sents the first step in the process of maternal unipa-
rental disomy in Prader—Willi syndrome is supported
by a maternal-age effect (Table 1), which has been
corroborated independently in a smaller group of
patients.* An increased frequency of nondisjunctional
events has previously been associated with advanced
maternal age in Down's syndrome and other anen-
ploid conditions.'* The chromosome 13 system that
we deseribe is a simpler model to analyze, since no
additional chromosome is present from the second
parent. Furthermore, paternal uniparental disomy
for chromosome 15 has been observed in three pa-
tients with Angelman syndrome, occurring in about
2 to 4 percent of affected patients®* in contrast to its
high frequency (20 percent) in Prader-Willi syn-
drome. This suggests that paternal nondisjunction for
chromosome 15 is not as common as maternal nondis-
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Table 1. Ages of the Parents at Conception of Their
Children with Prader—Willl Syndromae.*
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biologic assay 1o identify candidate genes. To date,
only one imprinted gene (locus detected by the com-
plementary DNA DN34) has been identified in chro-
mosome 15q11q13, although its function and role in
cither syndrome are as vet unkno\»n e
All the pati with deleti | diso-
my in the present study had c!asmc p}m:uhplt fea-
tures of Prader—Willi syndrome. Those with unipa-
rental disomy did not have hypopigmentation, as was
ly seen in those with a deletion {(unpublished

aprs betwren e debotion aad unspareatsd dwomy
AP = D01 for mothers el I = 00083 for fathess, by the iz, The
iparental g was s snchadend hevame o the sl sarpls. Howrver.
i F it ool 5fl hee: prowpe yicklead ' valiar i 01049 T the swhers sad

002 for the fathen.
FThe tusmsies of e1gh putberss snd three comtrul wers adind.
¥Th TA st

e iy oace

AThe sges of the parosns of Paent 28 were sot avmlable.

Junction. Alternatively, a fetus with paternal uni-
parental disomy for chromosome 15 may be less via-
ble in utero.

A number of possible meiotic or postzygotic mecha-
nisms for uniparental disomy have been proposed, ™+
including gamete complementation by the union of a
nulllmmlr and d:samlc gamete and a trisomic concep-
tion fc i by loss. These two
mechanisms are most likely to occur in maternal uni-
parental disomy for the following three reasons. First,
it is possible in most cases of maternal uniparental
disomy to rule out postzygotic events, since most
events result from nondisjunction occurring during
the first meiotic division, a process that requires the
transmission of two different maternal chromosomes
to the zygote, Second, the association of uniparental
disomy with advanced maternal age is consistent with
maternal nondisjunction. Third, there is a high fre-
quency of trisomy for chromosome 15." Since trisomy
15 is lethal to the embryo, the loss of one chromosome
15 by mitotic nondisjunction could “rescue” a nonvi-
able embryo. The random loss of a maternal chro-
mosome in trisomy 15 would allow normal develop-
ment, whereas the loss of the paternal chromosome
would lead to Prader-Willi syndrome. The latter
should occur in one third of the cases of uniparental
disomy, and its occurrence has recently been sup-
ported by clinical and molecular data on a single pa-
tient.™

The role of genomic imprinting™** in Prader—
Willi and Angelman syndromes has recemtly been re-
viewed. " Since we have shown that uniparental

d.nt..J Therefore, hypopigmentation may result from a
gene-dosage effect, and the gene does not appear 1o
be imprinted. Hypopigmentation in Prader—Willi""
and Angelman’ syndromes has previously been asso-
ciated with cytogenetic deletions, and more recently, a
candidate gene and a mouse model of hypopigmenta-
tion have been identified.™ It was interesting that
three of the four patients with biparental inheritance
had some atypical features that were not consistent
with Prader—Willi syndrome, Each of these patients
had been given a diagnosis at a different genetics cen-
ter and thus might benefit from careful study in a
single clinical setting. In contrast, there is a large
group (20 percent) of patients with classic Angelman
syndrome who do not have a detectable deletion or
uniparental disomy™ (and Zori R, Nicholls RD: un-
published data). These patients with Prader—Willi
and Angelman syndromes may have a small molecu-
involving loci for which DNA prob:s
ble. A ion in an unlinked gene,
a ion in the imy hanism, and an in-
correct diagnosis — as was ‘the case in Patient 27 —
are other possible explanations.

Our study indicates that in approximately 95 per-
cent of all patients with Prader-Willi syndrome, at
least those with the classic phenotype, the disease can
be diagnosed with molecular techniques. This conclu-
sion is based on our findings that maternal uniparen-
tal disomy occurs in 60 percent of patients who do not
have.a cytogenetic deletion, that molecular deletions
oceur in 29 percent, and that there is no detectable
maolecular abnormality in 11 percent (with the exclu-
sion of the patient whose disease was incorrectly diag-
nosed). In addition, in all patients with cvtogenetic
deletions (approximately 66 percent of all those with
Prader-Willi n—mimm:!. whom we :xcludcd fmm
our study, the deletion can be d

ULILIBIRALAG A

1 DNA kers are
needed for a mare r:ﬁntd diagnosis of Prader—Willi
syndmme \1or|: recently, we have demonstrated that

disomy spans chromosome 15 and that with
un:parenml disomy do not differ r:l.ullcatly from pa-
tients with the 15g11g13 deletion (except for the oc-
currence of hypopigmentation, as discussed below),
we conclude that no other gene on chromosome 15
whose phenotypic expression can be detected at this
time is affected by genomic imprinting. Because of the
lnﬂucnoc of genomic imprinting in Pmd:r-\ﬁlh and

i the ion of one p |
chrulmsm'nr or the other in these dlwrders pravides a

tion analysis of DNA }
thmuqiloul I.hromosome 15q that have a high degree
of polymorphism can detect a substantial number of
cases of unip I disomy (unpublished data). Simi-
lar types of DNA markers' within 15q11q13 are
clearly needed for studies of the parental origin of
Prader-Willi and Angelman syndromes. The accura-
cy of molecular diagnosis can also be increased by the
use of probe DN34 in a DNA methylation test at the
putative imprinted locus from chromosome 15q11q13,
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i technique that to date has specifically identifi
patients with Prader-Willi and Angelman s
who have a deletion or uniparental disomy.™ Techni-
cally, prenatal screening could be oflered to older
women, who as we have shown are at inereased risk of
delivering a child with maternal uniparental disomy
for chromosome 15. However, it remains to be demon-
strated whether screening is feasible at an acceptable
cost. In eonclusion, our studies have demonstrated the
feasibility of molecular techniques in the diagnosis of
Prader—Willi synd . Molecular diag should
therefore be included in the comprehensive assess-
ment of a child suspected of having Prader—Willi syn-
drome,

We are indebied to all the patients with Prader—Willi syndrome
and their families for their continued interest in and support of this
research; to Brenda Finucane, Janct Mcllvaine, Michele Muracea
Clemens, Rmhlrd Maclmu—e. Dr _Iunnc Hancher, and all the

i in the collecth
fmens; 1o Dr. Philip Mnmry Lee Seibert-Gannutz,
and Michael McCurdy for cytogenetic assistance; to Dr. Charles
Williams for elinical review of patient records and photographs; o
Dr, Jeffrey Longmate for statistical assistance: to Dr, Wendy Robin-
san for exchanges of unpublished material; to Dr. Paul Neumann
for belpful diseussion; and to Drs. Ronald Poland, Elliot Vescll,
William Luttge, Peter Stacpoole, and Charles Williams for eritical
review of the manuseript.
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