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AS
EG-AP
GABA
GABRB3/Gabrb3
IC
IPW
NDN/Ndn
0CA2

Angelman syndrome
EG-associated protein
y amino butyric acid
human/mouse loci for GABAA receptor P-3 subunit
imprinting center
imprinted in Prader-Willi locus
human/mouse loci for necdin
occulocutaneous albinism type II
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Introduction
Prader-Willi
syndrome (PWS) and Angelman syndrome
(AS) are distinct
human
phenotypes
associated
with
moderate and severe mental retardation, respectively. Over
the last 15 years, it has become clear that PWS is
caused by a deficiency of paternal gene expression within
human chromosome
15qll-q13
whereas AS is caused
by a deficiency of maternal expression within the same
region. Historically, it was recognized,
first, that PWS
was associated with rare cytogenetic
rearrangements
of
chromosome 15; second, that PWS was caused by de ?jovo

deletions of 15qll-q13
in the majority of cases; third,
that the PWS deletions
were always on the paternal
chromosome;
fourth, that AS was caused by de nova
deletions of maternal lSqll-q13
in the majority of cases;
fifth, that PWS also was found with paternal deficiency
caused by maternal uniparental disomy (UPD) in a fraction
of cases; and sixth, that AS was caused by maternal
deficiency
with paternal
UPD in some instances
(a
bibliography
is available [l]). With the recognition that
many mammalian genes are imprinted-being
expressed
on the chromosome of one parental origin and silenced on
the otherthe data for PWS and AS suggested that PWS
was caused by a deficiency of a gene or genes expressed
exclusively from the paternal chromosome,
whereas AS
would be caused by a deficiency
of a gene or genes
expressed
exclusively
from the maternal chromosome.
This basic hypothesis remains attractive and is validated
to a substantial
extent
but the genotype/phenotype
relationships
may be complex as there are numerous
paternally
expressed
transcripts
in the region and the
imprinting of expression is tissue-specific for some of the
genes. (Many reviews of PWS and AS and imprinted
gene expression are available [Z-6,7*,8**,9,10**].) In this
review we will discuss work published
during the last
year particularly including the mapping of the necdin gene
within the PWS candidate region and newer information
regarding the imprinting center and imprint switching. We
will discuss the recent identification
of point mutations
in the gene encoding E6-AP ubiquitin-protein
ligase as
causing AS, and we will review information
indicating
tissue-specific imprinting of this gene.
The breakpoints
for the common type of PWS and AS
deletions are relatively constant, and numerous genes have
now been localized within the -4Mb deletion interval
(Figure 1). Protein-coding
genes within the region include those for small nuclear ribonucleoprotein-associated
polypeptide N (SNRPN) [ll], necdin (NDN) [12**-15”],
and zinc finger protein 127 (ZNFZZ7) [ 161, all of which are
preferentially expressed from the paternal chromosome. A
gene designated as imprinted in Prader-Willi
(ZPW) has
an intron/exon structure but does not have an identifiable
coding capacity and is also preferentially
expressed from
the paternal chromosome
[17]. The gene for E6-AP
ubiquitin-protein
ligase (UBE3A) is biallelically expressed
in somatic tissues but is imprinted
with preferential
maternal expression in the brain in a complex pattern as
discussed below. The region includes a cluster of three
data regarding
GABAA receptors; there are conflicting
imprinted expression of GABRB3 [18-20,21’] and limited
data regarding imprinting of the other two loci. The gene
for occulocutaneous
albinism
type II (OCAZ, P locus)
is near the telomeric end of the deleted region and is
not imprinted.
Other transcripts not shown in Figure 1
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[7’]).

Patients
with imprinting
mutations
are defined
by an
absence of the large common deletion
seen with PWS/AS,
evidence
of biallelic
inheritance
for the region, and the
presence
of two methylated
chromosomes
at the SNRPN
CpG island or PW71 in the case of PWS or two unmethylated
chromosomes
at these sites in the case of AS.
These imprinting
mutations
sometimes
involve inherited
smaller deletions
centromeric
to SNRPN [8”,26,30]; these
deletions
provide evidence
for an imprinting
center (IC)
required
in cis for switching
of the imprinted
status and
expression
pattern
(epigenotype)
for the region. These
three
molecular
categories --4
Mb common
deletion,

and differential

More recently,
evidence
has accumulated
for another
class of molecular
defects
associated
with PWS and
AS described
as imprinting
mutations
as defined
by
methylation
analysis
[24,25].
Differential
methylation
occurs over hundreds
of kilobases
within
the PWS/AS
region
[7*,8**]. The
predominant
pattern
is for the
maternal
chromosome
to be methylated
and the paternal
chromosome
to be unmethylated
but numerous
sites
exist where
this pattern
is reversed.
The
differential
methylation
is particularly
complete
and rigidly maintained
at a CpG island encompassing
the 5’ end of
the SNRPN locus [26,27*]. Genomic
sequencing
of the
region
around
exon
1 of SNRPN
in human
using
the bisulfite
method,
which
allows
differentiation
of
methylated
and unmethylated
C nucleotides,
revealed
that virtually all CpG dinucleotides
are methylated
on the
maternal
chromosome
and unmethylated
on the paternal
chromosome
[28**]. Detailed
analysis of methylation
for
S’?JI~J
in the mouse revealed
a similar pattern
near the
promoter
but a reversed
methylation
pattern
near the
3’ end of the locus; these
methylation
patterns
were
erased in primordial
germ cells and reestablished
during
gametogenesis
but were maintained
during embryogenesis
[ZY”]. The methylation
pattern is similar but less rigidly
maintained
at the DNA
marker
locus P1V7/ slightly
centromeric
to SNRPN
[16,27’,30] and is present
but
even
less rigidly
maintained
at the distant
ZnTFf27
locus [16]. In addition
to differences
in mechylation,
there are differences
in replication
timing in chromosome
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UPD, and imprinting
mutation-account
for very nearly
all of PWS patients
with a typical phenotype
but two
other categories
exist for typical AS patients:
first; loss of
function
mutations
in UBE3A [31**,32”] and second, no
identifiable
molecular abnormality
to date; some fraction of
the latter group may represent
misdiagnoses
as discussed
below. There
is extensive
evidence
that virtually
all of
the loci depicted
in Figure
1 are found in a conserved
homologous
region
of mouse
chromosome
7, that the
pattern
of imprinting
for mouse
and human
is similar
in many or most instances,
and that mouse phenotypes
analogous
to PWS and AS can be identified
as will be
discussed
below.

Diagnostics

and the common -4Mb

deletion

The analysis of methylation
plays an important
role in the
diagnosis of PWS and AS [33], and many investigators
reported a PCR method for analysis of bisulfite-treated
DNA
to determine
methylation
at the CpG island associated
with SiI’RPN
[34’-36’1. Methylation
studies-whether
performed
by Southern
blot or PCR-are
abnormal
and
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Map of the Prader-Willi/Angelman
region on human chromosome
15qll -q 13 (not to scale). The typical breakpoints
for the -4 Mb deletion
are shown as jagged vertical lines. Various loci are depicted with an arrow indicating the transcriptional
orientation
where known. Expression is
indicated as either paternal (pat) or maternal (mat), although the imprinting of expression is tissue-specific
for UBESA. The P locus is biallelically
expressed and further study is needed regarding imprinting for the cluster of GABAA receptors. The imprinting center (IC) is depicted as a
bipartite element. The CpG islands associated
with SNRPN and NDN are depicted. The UBE3A locus is indicated as the Angelman gene (AS),
and the Prader-Willi
candidate region is shown (PWS). Most or all of the loci and information depicted are similar for a homologous
region of
mouse chromosome
7.

336

Genetics of disease

diagnostic
of the AS or PWS phenotype
when a -4Mb
deletion,
UPD, or an imprinting
mutation
is present
[33].
Precise molecular diagnosis is essential
for PWS and AS as

necessarily
be appropriate
for the chromosome
on which
it arises. Only at the time of a subsequent
transmission
event when the chromosome
is obligated
to switch from

recurrence

one parental
be revealed.
chromosomes

is amongst
genetics.

risks range from nil to SO%, and risk counseling
the

most

complex

encountered

in medical

Earlier studies
demonstrated
that the common
deletion
breakpoints
in PWS and AS were found at relatively
consistent locations
that could be localized
within particular
yeast artificial chromosome
(YAC) clones [37]. More recent
data have suggested
that these breakpoints
may be tightly
clustered
at the sites of large duplicated
sequences
at each
end of the commonly
deleted
region (JM Amos-Landgraf
et al., abstract 5 Am J Hum Gelret 1997, 61:A3; SL Christian
et al., abstract
24, Am J Hum Geflet 1997, 61:A7). These
duplicated
regions presumably
predispose
to the deletions
through
unequal
crossing
over. These
circumstances
are
probably quite analogous to the occurrence
of duplications
referred to as repetitive
or Rep sequences
that predispose
to duplications
and deletions
on human
chromosome
17 causing
Charcot-Marie-Tooth
hereditary
liability to pressure

disease
type
palsies, respectively

la

and
[38*].

Similar findings have been described
for the breakpoints
leading to the Smith-Magenis
deletion
syndrome
[39**].
It is quite likely that duplications
of the PWS/AS region
also occur through
this mechanism,
and they could be
under-recognized
in the human
reports
of duplications
of this
mental retardation
and an otherwise
phenotype
[40]. There
is a report
paternal
duplications
of 15qll-q13

population.
There
are
region
associated
with
relatively
nonspecific
that maternal
but not
are associated
with

autism [41*], suggesting
the possibility
that autism could
be caused
by overexpression
of a maternally
expressed
gene in the region or by a position effect that is influenced
by the parental origin of the chromosome.

The imprinting

center and imprint switching

The available
information
on imprinting
mutations
and
the IC has been reviewed
recently
[8”,42]. Patients
with
imprinting
mutations
have typical AS or PWS phenotypes
[43]. There
are now substantial
data indicating
that
deletions
of lo-100
or more kilobases
centered
around
the CpG

island

at SNRPN

are associated

with

imprinting

mutations
clustering

causing
PWS [8”,26,30,44].
Similar deletions
slightly
further
centromeric
and upstream
of
SNRPN are associated
with imprinting
mutations
causing
AS [8”,30,44].
These
data have led to the suggestion
of a bipartite
IC (Figure
1) with a telomeric
component
necessary
for switching
from a maternal
to a paternal
epigenotype
and a more centromeric
component
necessary
for switching
from a paternal
to a maternal
epigenotype [8**].
These
deletions
are typically
inherited,
and may absolutely require a two step process for phenotypic
expression
whereby the deletion creates a mutation on a chromosome
of a particular
epigenotype
but the epigenotype
will

epigenotype
to the other will a phenotype
In most cases, it is not clear if the deleted
can switch epigenotype
in either direction

as they
typically
remain
fixed
in a single
parental
epigenotype
in a given family. At least in one family,
however,
the deletion
chromosome
was demonstrated
to
be able to switch from a maternal to a paternal epigenotype
but not vice versa, thereby causing PWS [45*].
Given the relatively
nonoverlapping
and AS deletions
causing imprinting

location of the PWS
mutations,
it is likely

that these mutant chromosomes
are able to switch in one
direction
and not the other but some may be unable to
switch in either direction.
Another
group of patients with
imprinting
mutations
do not have identifiable
deletions
and tend to occur on a sporadic
basis. These
patients
may or may not have a mutation
that affects the primary
nucleotide
sequence
as they could
be explained
by
sporadic epigenetic
(perhaps
methylation)
abnormalities.
Regarding
evidence
alternative

the mechanism
of imprint
switching,
there is
for upstream
noncoding
exons giving rise to
transcripts
for SNRPN [45*] but the relationship

of such transcription
to the switching,
if any, is uncertain
at present.
An imprintor
model implying
a role for the
upstream
noncoding
exons of SNRPN has
[8**,30] but a recent
commentary
[46”]
that an attractive
promoter
competition
to that proposed
for the interaction
of
in the mouse
[lo**] would
be quite

been proposed
has suggested
model
similar
HJ9 and /j$?
feasible.
Basic

studies
of the mechanism
two other
recent
results

have provided
interest.
Using

of imprinting
of particular

three-dimensional
fluorescence
ifl situ hybridization,
the
maternal
and paternal
15qll-q13
regions were shown to
associate
during the S phase of the cell cycle in human
lymphoblasts
[47**]. These
findings
suggest
that the
paternal and maternal chromosomal
homologs may interact
in a way that could be unique
to imprinted
regions.
Transfection
of human DNA into Drosopfida demonstrated
a silencing element
within a 215 bp fragment
surrounding
the SNRPN promoter
region [48**]; this result is analogous
to the demonstration
that a silencer
in the mouse HJ9
region is also capable of functioning
in Drosophila [49].

Prader-Willi syndrome and paternally
expressed transcripts
The role of various paternally
expressed
genes in the
15qll-q13
region causing
PWS or related
phenotypes
remains unclear but there is substantial
new information.
It is particularly
instructive
to compare PWS with a mouse
phenotype
caused by maternal
UPD (paternal
deficiency)
for the homologous
region.
It was reported
earlier [18]
that mice with partial, maternal
UPD for a relatively large
interval including
the region of PWS/AS homology
have a
perinatal lethal phenotype.
The perinatal lethality appears

Imprinting

to

be

associated

with

poor

feeding

quite analogous
to the severe feeding
the perinatal
period with PWS. Thus,

and

in Angelman

to SNRPN

is potentially

difficulties
seen
one assumption

in
or

hypothesis
in mice

would be that the perinatal
lethal phenotype
is the equivalent
of PWS in human.
When
SNRPIL' was first identified
as a paternally
expressed
gene
within this region, it seemed
quite reasonable
that PWS
might
be caused
by deficiency
of paternal
expression
of SivRPL%‘. A knockout
mutation
for the major coding
region of Snrp?~ in the mouse,
however,
does not give
an obvious phenotype
with paternal
deficiency,
maternal
deficiency,
or homozygosity,
and certainly
does not cause
perinatal
lethality
(C Brannan,
personal
communication:
see Note
added
in proof).
These
data suggest
that
SNRPLV is not the PWS gene, if the perinatal
lethal
phenotype
in the mouse is the equivalent
of PWS. A much
larger deletion
encompassing
SNRPN and the upstream
region,
that would
potentially
include
the IC if such
existed
in a homologous
region in the mouse, however,
did cause
a perinatal
lethal
phenotype
(C Brannan,
personal
communication).
This deletion
was introduced
on a maternal
chromosome
in embryonic
stem (ES) cells
and was interpreted
as representing
the equivalent
of an
imprinting
mutation
in the mouse, such that the paternally
inherited
chromosome
carried
a maternal
epigenotype.
This result does localize the perinatal
lethal phenotype
more precisely
to the region of PWS/AS
homology
and
further
increases
the likelihood
that this lethality
is
equivalent
to human PWS.
Another
new development
in the past year has been
the recognition
that the gene encoding
necdin
(NL)N)
is localized
within the PWS/AS region and is paternally
expressed
originally

in mouse and
isolated
using

human [12**-15”].
Necdin
a subtraction
library from

and Prader-Willi

was
P19

embryonal
carcinoma
cells treated with retinoic acid [SO],
and it is expressed
ubiquitously
but in neurons expression
is postmitotic
[51]. The protein
arrests cell growth
in
NIH3T3
cells [52], is localized
to the nucleus
[50,51],
and is associated
with the nucleosomal
fraction
[53].
The paternal expression
of necdin immediately
raises the
possibility
that paternal deficiency
could contribute
to the
mouse lethality
or the human
PWS phenotype.
Mouse
knockout
mutations
in N&j might shed substantial
light
on these possibilities.
The issue of whether
the PWS phenotype
is caused by
paternal deficiency
of a single locus or multiple
loci is an
interesting
one. As there is no evidence
for point mutation
cases of PWS, it has been speculated
that the phenotype
may be a contiguous
gene syndrome
involving
multiple
paternally
expressed
genes. Rare human translocations
are
also instructive
regarding
the identity
of PWS candidate
genes.
One cranslocation
associated
with PWS leaves
SNRPN intact and expressed
but expression
of ZPW and
PAR1 -a
paternally
expressed
expressed
sequence
tag
telomeric
to ZPW-was
absent suggesting
that the PWS
was caused by deficiency
of expression
for genes telomeric

syndromes

[54]. Another
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balanced

breakpoint
between
SNRPN and
having an atypical PWS phenotype

translocation

with

/PW was described

a
as

and it was suggested

again that some of the genes involved
in the PWS phenotype might lie telomerically
and some centromerically
to this breakpoint
[55]. Another
translocation
associated
with PWS disrupts SNRPN, and the authors suggest that
the disruption
of the locus causes PWS [56]. As telomeric
genes were found to be expressed
in the last case, the
interpretation
appears
to conflict with the first two, and
more data are needed.
Although
contiguous

most investigators
favor the hypothesis
gene syndrome,
it is still formally possible

of a
that

the PWS phenotype
is caused by paternal
deficiency
for
a single locus, and that point mutations
in this locus are
exceedingly
rare. The f’pw locus is unlikely
to cause the
perinatal
lethal phenotype,
as the p locus deletion
3UPUb
removes Ip
and is not lethal when inherited
paternally
(DK Johnson,
abstract 201, Am J Hum Genet 1997, 61:A39)
[57]. The gene(s) underlying
the PWS phenotype
remain
unidentified.
As position
effects
are quite likely in this
region, any structural
genes associated
with PWS may lie
quite distant from some mutation
sites, as exemplified
for
AS (see below).

Angelman syndrome and maternally
expressed transcripts
This has been a particularly
revealing
year in terms of
understanding
of the genetic basis of Angelman
syndrome.
Early in 1997, two laboratories
[31”,32”]
reported
loss
of function
mutations
in E6-AP ubiquitin-protein
ligase
(C’BE3;1). Although
it has been known
that this locus
lies within the AS candidate
region since 1994, this result
was somewhat
unexpected
as expression
of UBE3A was
biallelic in cultured skin fibroblasts
and lymphoblasts
[ZZ].
The E6-AP protein
was discovered
on the basis of its
interaction
with the E6 protein of human papilloma
virus
and its ability to promote
the degradation
of the p53
protein
[58]. E6-AP was subsequently
shown
to be a
member
of a family of E3 ubiquitin
ligases characterized
by a ‘hect’ (homologous
to E6-AP
carboxy
terminus)
domain
[59]. The
biochemical
information
regarding
E6-AP did not correlate
in any obvious way with the AS
phenotype.
Although

there

was

lack of evidence
for imprinting
of
identified
in AS patients
indicated
strongly that maternal
deficiency
for this locus caused AS
whereas
paternal
deficiency
did not and that the locus
most likely demonstrated
maternal
specific expression
in
some temporalor tissue-specific
manner.
This enigma
was resolved
with the presentation
of evidence
that
UBE3A is preferentially
maternally
expressed
in human
brain [60**,61**] and that Ube3a is exclusively
maternally
expressed
in hippocampal
neurons
and Purkinje
cells in
the mouse [62”].

UBE3A, the mutations
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The mouse data were derived through analysis of animals
with partial, paternal
UPD (maternal
deficiency).
These
mice were reported
as a model of AS and have mild
gait ataxia,
behavioral
abnormalities,
a striking
EEG
abnormality,
reduction
in skeletal
size and brain weight,
and late-onset
obesity
[63”].
In the mice with partial
paternal
UPD, expression
of ffRE3A was undetectable
in the hippocampus
and cerebellum
whereas
it was
expressed
abundantly
in wild-type
animals [62”]. In other
parts of mouse
brain, Ube3u was expressed
from both
alleles but with maternal
expression
being greater than
paternal
and in yet other parts of the brain, expression
from maternal
and paternal alleles was equivalent.
Thus,
the
imprinted
expression
of ffbe3a has a complex,
tissue-specific
pattern
in the mouse.
There
is also a
complex
evidence

pattern
of alternative
splicing
for lrBE3I1
for multiple possible isoforms of the protein

with
with

differing
amino-terminal
sequences
[60”,61**,64”].
Our
laboratory has recently obtained
mice with a null mutation
for Ube3u and preliminary
data suggest extensive
similarity
between
the mouse and human phenotype
(Y-h Jiang eta/.,
unpublished
data). The region surrounding
the p locus in

the mouse has been studied for many years using a series
of nested deletions
[65]; the 3OPZJb deletion
extends
to
include
Ube3a [57] and can be used to achieve a mouse
model of AS (DK Johnson
ef al., abstract 201, Am J Hum
GelJet 1997, 61:A39).
We have now completed
mutation
the coding exons for 62 AS families

analysis
for all of
and identified
12

truncating
mutations,
half of which were de ?zovo and
half inherited
(P Fang et a/., unpublished
data). Thus,
the majority
of patients
described
as having
an AS
phenotype
but not having the large deletion,
UPD, or
imprinting
mutations
do not have readily
identifiable
mutations
in the UBE3A coding sequence.
We have found
mutations
in a much higher percentage
of familial cases
suggesting
that the remaining
mutations
might more often
be sporadic
or that a significant
proportion
of the cases
represent
misdiagnoses.
Although
some of these patients
may represent
misdiagnoses,
it seems likely that some
have a true AS phenotype
that is probably
caused
by
maternal deficiency
of expression
of UBE3A. Such patients
might have mutations
elsewhere
in the UBE3A locus

Figure 2
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There

is also a substantial
possibility
of mutations
in &-acting
regulatory
elements
substantially
upstream
or downstream
from CIBE3A, and the findings
in at least one pair of
sibs involving a crossover suggests a mutation
upstream
of
the coding exons of UBE3A [66]. Other translocation
and
inversion
cases provide additional
insights into the regions
which may be mutated
in AS [67-691. It is noteworthy
that
imprinting
mutations
caused by deletions
of the IC and
point mutations
in UBE3A can both cause AS and these
sites

are separated

by as much

as a megabase.

GABA* receptors within 15qll-q13
genotype/phenotype
models

and

Other
developments
of interest
in the genetics
of the
PWS/AS region involve the cluster of GABAA receptors.
Of the three genes in this cluster, GABRB3 is the most
centromeric
and closest to IIBE3A, and this locus has been
studied
most intensively.
There are reports that GABRB3
is not imprinted,
is preferentially
paternally
expressed,
and
is preferentially
maternally
expressed
[ 18-20,21*]; further
mouse and human studies will be required to resolve these
ambiguities.
On the basis of the analysis of the nested
deletions
surrounding
thep locus in the mouse described
above,
it had been
suggested
[70] that deficiency
of
GABRB3 caused cleft palate. A knockout
mutation
was
reported
in 1997 [71**] for GABRB3 and homozygous
mice do indeed
have cleft palate and also experience
seizure
and display
EEG
abnormalities.
Interestingly,
heterozygote
mice were reported
to have EEG changes.
Considering
the conflicting
information
regarding
the
imprinted
expression
of GABRB3
in human
and the
association
of seizures in mice, it is interesting
to consider
whether
maternal
deficiency
for GABRB3 might worsen
the epilepsy
phenotype
in deletion
cases of AS. There
are reports
that deletion
cases of AS have a somewhat
more severe phenotype
including
more serious epilepsy,
and

it

could
be that maternal
haploinsufficiency
for
GABRB3 acts as a modifier to worsen the AS phenotype
that is primarily
caused
by the maternal
deficiency
of
UBESA. There
are complex
possibilities
in this regard

depending
on whether
GABRBS is imprinted
in human
or not and, if so, which parental
allele is preferentially
expressed.
Depending
upon the molecular
nature of an
AS defect-large
deletion,
UPD, imprinting
mutation,
or point mutation-a
complex
set of possibilities
exists
whereby
a maternal
deficiency
of GABRB3 might
or
might
not worsen
the AS phenotype,
thus providing
insight into genotype/phenotype
correlations.
If GABRB3
is preferentially
paternally
expressed
as suggested
by
one most recent
report [Zl’], then maternal
deficiency
of GABRB3 might be inconsequential
as regards the AS
phenotype.
The basis of genotype/phenotype
correlations
is particularly
complex
and thought-provoking
in the
PWS/AS region because many different
molecular
defects
can differentially
affect
the expression
of imprinted
and nonimprinted
genes in the region,
as depicted
in

and Prader-Willi

Figure

syndromes

2. Adjacent
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of a primary

disease gene and the definition
of what is a single gene
disorder or a contiguous
gene syndrome
becomes
blurred.
Many intriguing
questions
remain
unanswered
for this
fascinating

region

of the mammalian

genome.

Conclusions
Thus, over the past year it
deficiency
for UBESA is
molecular defect leading to
model for mutations
at this

has become clear that maternal
the primary
biochemical
and
AS. The availability of a mouse
locus may help to delineate
the

pathogenesis
of AS. The recent
mutations
in the mouse causing

evidence
paternal

that imprinting
deficiency
yield

a lethal phenotype
and the lack of an obvious phenotype
with knockout
mutations
for Slrlp?~ (C Brannan,
personal
communication:
see Note added
in proof) indicate
that
there
are other genes
yet to be identified
that must
contribute
to PWS related phenotypes.
Although the gene
encoding
necdin is one possibility,
there may be other loci
involved,
and it is probable
that specific
genes will be
proven to contribute
to the PWS phenotype
in the near
future. A combined
approach studying
naturally occurring
mutations
in humans and carefully designed
mutations
in
the mouse is likely to lead to a detailed
characterization
of the structural
genes
and regulatory
elements
determine
the phenotypic
variation
associated
with
fascinating
chromosomal
region.

that
this

Note added in proof
The work referred
to in the text as C Brannan,
communication,
has now been published
[72”].

personal
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