
Abstract DNA methylation is a heritable and reversible
modification to CpG sites in the mammalian genome.
Parental allele-specific methylation is hypothesized to be
important in the establishment and maintenance of im-
printed gene expression; however, dynamic changes in al-
lele-specific patterns have been observed. The upstream
regulatory region of the small nuclear riboprotein N gene
(SNRPN) is an important imprinting control region (ICR)
for establishing and maintaining the methylation imprint
in the locus on 15q11–13 associated with Prader-Willi and
Angelman syndromes (PWS). To compare directly the
role of allele-specific methylation patterns and the main-
tenance of imprinted expression in the PWS region, clonal
populations of normal T lymphocytes were cultured for
22–25 generations. A novel long-range semi-nested poly-
merase chain reaction (PCR) strategy was utilized in order
to span two different methylation sites, and a polymor-
phism within SNRPN was used so that allele-specific
methylation of both sites could be determined. Reverse
transcription/PCR followed by polymorphism analysis
was also performed in order to determine parental allele-
specific transcription. Exclusive paternal expression at
both SNRPN and IPW was maintained in all T cell clones
and correlated with maternal methylation of the intron 1
NotI site. In contrast, biallelic methylation was observed
in all clones at the previously described paternally methyl-
ated HpaII site in intron 7. These results demonstrate that
the maintenance of paternal expression of SNRPN and
IPW correlates with a strict clonal maintenance of allele-
specific methylation at the CpG-dense 5’ end of SNRPN.
Differential maintenance of methylation sites within im-
printed genes may depend on the density and chromatin
organization of surrounding CpG sites.

Introduction

Genomic imprinting is a process by which epigenetic dif-
ferences between parental chromosomes are obtained in
the gametes. Loss of parental contributions to imprinted
loci can result in human developmental disorders, includ-
ing Angelman syndrome (AS) and Prader-Willi syndrome
(PWS; Lalande 1996). PWS and AS map to human chro-
mosome 15q11–13 and occur in the absence of a paternal
or maternal epigenetic contribution, respectively. Imprinted
chromosomal domains are characterized by parental al-
lele-specific differences in transcription, methylation, and
replication timing. The maintained silencing of imprinted
gene expression has been hypothesized to be attributable
to allelic differences in DNA methylation that can be de-
tected for most imprinted genes (Barlow 1995; Razin and
Cedar 1994).

The 15q11–13 region contains multiple genes that are
paternally expressed in somatic tissues, including SNRPN
and IPW, which are expressed in lymphocytes (Lee and
Wevrick 2000; Ozcelik et al. 1992; Sutcliffe et al. 1994;
Wevrick et al. 1994). Expression of both imprinted genes
is regulated by an imprinting control region (ICR) at the
5’ end of SNRPN including exon 1 and a CpG island with
multiple sites of maternal-specific methylation (Sutcliffe
et al. 1994). The paternal ICR is deleted in DNA from pa-
tients and families with PWS, resulting in a loss of ex-
pression of at least four paternally expressed genes near
SNRPN (Buiting et al. 1995; Sutcliffe et al. 1994). A sec-
ond ICR is deleted in some AS families, resulting in the
loss of maternal methylation patterns (Buiting et al. 1995;
Saitoh et al. 1996). The paternal ICR contains a high den-
sity of matrix attachment region (MAR) and is associated
with heterochromatin on the maternal chromosome, 
suggesting that it is an important chromatin regulator
(Greally et al. 1999). Both maternal and paternal ICRs
also contain several transcribed exons that are thought to
be involved in imprint switching during gametogenesis
(Dittrich et al. 1996). More recently, the paternal ICR has
also been shown to be involved in the somatic mainte-
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nance of allele-specific methylation and transcription
(Bielinska et al. 2000). Many questions remain, however,
in understanding the way in which the ICR maintains the
parental imprint during somatic cell divisions.

Maintenance of methylation patterns during somatic
cell divisions occurs by the maintenance DNA methyl-
transferase DNMT1 (Bestor and Tycko 1996). DNMT1
targets hemi-methylated DNA in replication foci, suggest-
ing that methylation patterns should be faithfully inherited
following replication (Gruenbaum et al. 1983; Leonhardt
et al. 1992). In intact cells, however, there are many ex-
amples of methylation sites not being heritable during cell
division (LaSalle et al. 1998; Reis and Goldstein 1982;
Shemer et al. 1996; Shmookler Reis et al. 1990; Shmook-
ler Reis and Goldstein 1982; Silva et al. 1993). One ex-
planation for the lack of maintenance of methylation pat-
terns is that DNMT1 is sometimes inaccessible to the
hemi-methylated DNA, and so a passive mechanism may
prevent maintenance of methylation (Wolffe et al. 1999).
Another possibility that could explain both gains and
losses of methylation is the transfer of methylation states
between homologous chromosomes (Colot et al. 1996).
Homologous association of the imprinted chromosomal
domains during late S phase has been observed in human
lymphocytes (LaSalle and Lalande 1996). The effect of
homologous association of 15q11–13 on allele-specific
methylation and transcription patterns is currently un-
known.

The question of the maintenance of methylation pat-
terns in the SNRPN gene and upstream regulatory region
has previously been addressed by Southern blot analysis
of DNA from normal T cell clonal populations (LaSalle et
al. 1998). Changes in methylation patterns have been ob-
served at three different sites at a frequency of one change
in 50% of the cells every 22–25 doublings. The exception
is the NotI site in intron 1 close to SNRPN exon 1; this site
shows the maintenance of methylation in all T cell clones.
An investigation of methylation patterns in cells with a
normal biparental contribution has been important in un-
derstanding the dynamics of methylation patterns in an
imprinted region that undergoes homologous association
(LaSalle and Lalande 1996). Southern blot analysis, how-
ever, does not allow the examination of parental allele-
specific methylation, since restriction fragment length
polymorphisms (RFLPs) are located on different frag-
ments from allele-specific methylation sites. Although the
bisulfite genome sequencing approach has been useful in
defining multiple methylation sites in and around SNRPN
(Zeschnigk et al. 1997), the technique has the same disad-
vantage with respect to the analysis of small fragments
that do not contain both methylation and polymorphic
sites. In this report, we have analyzed two methylation
sites within SNRPN by a novel long-range semi-nested
polymerase chain reaction (PCR) approach to span meth-
ylation and polymorphic sites. Using this approach, we
have been able to address directly the role of allele-spe-
cific methylation changes within SNRPN on allele-spe-
cific transcription. Our results demonstrate that allele-spe-
cific transcription of both SNRPN and IPW is strictly

maintained after 22–25 cell doublings in culture. The
maintenance of allele-specific transcription is correlated
with the maintenance of methylation near exon 1 of
SNRPN.

Materials and methods

T lymphocyte single cell cloning

The isolation of T lymphocyte clones has been described previ-
ously (LaSalle et al. 1998). Briefly, peripheral blood mononuclear
cells (PBMCs) were obtained from a normal subject (NS3) and
plated at limiting dilution in 96-well plates in the presence of irra-
diated allogeneic PBMCs in RPMI media containing 20% pooled
human sera (Sigma), 2 µg/ml phytohemagglutinin P (PHA.P; Murex
Diagnostics), and 5% Human T-stim (Collaborative Research).
Bulk cultures of NS3 PBMCs were plated at 106/ml in 24-well
plates in the same culture media.

DNA isolation and restriction enzyme digestion

Genomic DNA from NS3 was isolated from peripheral blood lym-
phocytes and from T cell clones grown for 22–25 generations by
using the Puregene kit (Gentra Systems). DNA was digested with
or without 5 U HpaII or NotI at 37°C overnight and an additional
incubation for 1 h with a second enzyme dose of 2.5 U.

SNRPN allele-specific methylation assay

Primary PCR

The 3.8-kb products spanning SNRPN exon 4 to exon 8 were am-
plified in a 50-µl reaction volume by using the Elongase Enzyme
Mix (Gibco Life Technologies) and 200 µM dNTPs, 0.2 µM
primer Pr 17 (5’-CTT CTG CCC AGC TTG CAT-3’) and Pr 18
(5’-ATA CTG GCA GTC GCA GCA-3’), 1.6 mM MgCl2, and ap-
proximately 300 ng DNA. An initial denaturation at 94°C for 30 s
and 20 cycles of 94°C for 30 s, 55°C for 30 s, and 68°C for 4 min
30 s were performed in a Mastercycler Gradient (Eppendorff). The
17-kb products spanning SNRPN exon 1 to exon 4 were amplified
by using 2.5 U TaKaRa LA Taq DNA polymerase (TaKaRa), 
400 µM dNTPs, 0.2 µM primers Pr 29 (5’-TGA GGA GCG GTC
AGT GAC GCG ATG-3’) and Pr 30 (5’-GTC CAC AGT TAA
AAC TTG ATG CTT CTG AAG ACC TAG G-3’), 2.5 mM
MgCl2, and 300 ng DNA in a 50-µl volume; 25 cycles of 95°C for
20 s and 70°C for 17 min were performed, with an initial denatu-
ration at 94°C for 1 min and a final elongation at 72°C for 10 min.

Secondary PCR

Secondary semi-nested PCR amplifications were performed with a
1:20 dilution of the primary PCR products with 400 µM dNTPs,
0.4 µM primers Pr 17 and Pr 19 (5’-GAT GCT TCT GAA GAC
CTA GG-3’), 1.5 mM MgCl2, and 0.5 U recombinant Taq DNA
Polymerase (Gibco Life Technologies); 20 cycles of 94°C for 30 s,
55°C for 30 s, and 72°C for 30 s were performed, with a initial de-
naturation at 95°C for 2 min and a final elongation at 72°C for 
2 min.

Analysis of digested PCR fragments

Products were digested overnight with 20 U BstUI at 60°C and
separated by 16% polyacrylamide gel electrophoresis (PAGE).
DNA was visualized by SYBR Gold staining (Molecular Probes)
and analyzed on a digital imaging system with GelExpert Software
(Nucleotech). Since the digested bands were small (46 bp and 36 bp),
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some minor variations were observed because of PAGE artifacts
(see below). In addition, a band representing a primer dimer was
sometimes observed overlapping the 36-bp band (see below).
Therefore, the intensity of only the upper 46-bp band of the pater-
nal allele was calculated. Quantitation of the percentage of pater-
nal alleles in the secondary PCR product was determined by the
following equation: % paternal =bk/(bk+a>)×100, where a is the
intensity of the 82-bp band, b is the intensity of the 46-kb band,
and k is the fragment-size adjustment constant (k=a/b=1.7826).

RNA isolation and RT-PCR

Total RNA was isolated from bulk cells and T cell clones by using
Trizol reagent (Gibco Life Technologies). RNA was treated with 
1 U RNase-free DNase I (Ambion). Reverse transcription (RT) was
performed with the Superscript pre-amplification system (Gibco
Life Technologies) following the manufacturer’s instructions.
Samples were treated with 2 U RNase H at 37°C for 20 min. One
tenth of the reaction was used in the subsequent PCR amplifica-
tion. Conditions were as described above (Secondary PCR), except
that 30 cycles were performed.

IPW analysis

PCR was performed on gDNA and cDNA with primers Pr 37 (5’-
TGG ATA GAT GCA CAC AAA CAC-3’) and Pr 38 (5’-GAA
AAA GGC CAT TGA ATA AGG G-3’) under the same condi-
tions as described above (Secondary PCR), but for 30 cycles. Prod-
ucts were digested for 3 h with 20 U HphI at 37°C and separated
on a 12% polyacrylamide gel.

Results

Establishment of T cell clones from a normal subject 
heterozygous at SNRPN and IPW

In order to investigate parental allele-specific methylation
and transcription patterns in a normal individual, we made
use of two previously described RFLPs in the SNRPN and
IPW genes (Giacalone and Francke 1994; Wevrick et al.
1994). Eighteen normal individuals were prescreened 
for heterozygosity, and NS3 was identified as being het-
erozygous for both loci. Figure 1A demonstrates that NS3
inherited the SNRPN BstUI(–) allele from his mother. 
RT-PCR analysis of his stimulated lymphocytes demon-
strated that the SNRPN BstUI(+) paternal allele was ex-
clusively expressed. Heterozygosity was observed at the
IPW RFLP for NS3 and both his parents, and so the
parental origin could not be directly determined (data not
shown). The IPW transcript was exclusively from the
HphI(–) allele, however, indicating the paternal origin of
this allele (Fig.1B).

PBMCs were isolated from NS3 and cultured at limit-
ing dilution in the presence of PHA, interleukin 2, and ir-
radiated allogeneic PBMCs. After 9 days, wells display-
ing positive growth were selected and restimulated for
further growth. The frequency of clonal growth was 45%
of the expected, ensuring a random sampling of the popu-
lation. One week following restimulation, clones contain-
ing at least 6 million cells were harvested for RNA and
DNA isolations. The clonal populations had undergone
22–25 population doublings in culture by harvesting.

PCR strategy for examining allele-specific methylation
within SNRPN

A long-range semi-nested PCR strategy was designed to
examine directly allele-specific methylation within SNRPN.
The experimental design and map of SNRPN is outlined in
Fig.2. Genomic DNA was first predigested in the pres-
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Fig.1A, B Imprinted expression of SNRPN and IPW RFLPs in
normal subject NS3. A A 82-bp product was PCR-amplified from
genomic DNA (gDNA) isolated from peripheral blood cells of NS3
and his parents and digested with BstUI. The BstUI(–) allele is ma-
ternally inherited. To determine allele-specific expression, cDNA
was reverse transcribed (RT) from RNA prior to PCR amplifica-
tion and BstUI digestion. The absence of the maternal BstUI(–) al-
lele in the RT lane demonstrates paternal allele-specific transcrip-
tion of SNRPN. Percentage of digested 46-bp band: lane 1 2%,
lane 2 53%, lane 3 97%, lane 4 42%. As the digested bands were
small (46 bp and 36 bp), some minor variations arose because of
PAGE artifacts (see lanes 3, 4). B Allele-specific transcription can
also be seen for IPW, where only the 124-bp allele (HphI– allele)
is observed from the cDNA sample (RT) compared with the ap-
pearance of both alleles in gDNA. Percentage of digested 87-bp
band: lane 1 53%, lane 2 0%



ence or absence of NotI or HpaII. The predigestion of
DNA with methyl-sensitive enzymes ensures that only the
methylated DNA will be amplified. Complete digestion
was confirmed by the absence PCR amplification of the
ARA locus on the X chromosome, which is unmethylated
in males and spans several HpaII sites (data not shown).

Primary PCR amplification was then performed on
undigested and NotI-digested DNA to span the genomic
DNA from SNRPN exon 1 to exon 4. The 17-kb product
amplified between exon 1 and exon 4 contains one NotI
site in intron 1 that shows exclusive maternal methylation
(Glenn et al. 1996). A different primary PCR amplifica-
tion was performed on undigested and HpaII digested ge-
nomic DNA to span the region from SNRPN exon 4 to
exon 8. The 3.8-kb product between exon 4 and exon 8
contains two HpaII sites in intron 7: one site that is
methylated on both alleles and a second site that is methyl-
ated on both alleles but hypothesized to be partially un-
methylated on the maternal chromosome (Glenn et al.
1993).

Following primary amplification of the two different
regions of genomic DNA from SNRPN, products were an-
alyzed by electrophoresis to confirm their size. The re-
sults from three representative T cell clones in Fig.3A
demonstrate a single band around 17 kb for all genomic
DNA samples amplified from exon 1 to exon 4. Similarly,
the amplicon from exon 4 to exon 8 shows a single band
around 3.8 kb for all DNA samples in Fig.3B. Negative
controls without template DNA reveal no bands for either
product (data not shown). Products were observed in both
restriction-enzyme-digested and undigested genomic
DNA samples, as expected.

The primary PCR products were then used as templates
for a secondary semi-nested PCR amplification designed
to span the RFLP in exon 4 in order to determine the al-
lele-specificity of methylation (Fig.2C, D). The 82-bp
amplicons for all samples were digested with BstUI and
separated by PAGE. Figure 4 demonstrates the results
from bulk-stimulated lymphocyte cultures. For the prod-
ucts amplified from the template spanning the methyl-
ation site in intron 1, the BstUI(–) maternally derived allele
was preferentially observed in the NotI-predigested ge-
nomic DNA sample. In contrast, the product derived from
undigested genomic DNA contained both BstUI(–) and
(+) alleles. For the products derived from the template
spanning intron 7, however, no difference was observed
between the RFLP band in the HpaII predigested and
undigested samples.

Analysis of allele-specific methylation and transcription
in T cell clones

In order to determine whether allele-specific methylation
and transcription are maintained in clonal populations of
T lymphocytes following 22–25 population doublings in
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Fig.2A–D Experimental design for the detection of allele-specific
methylation within the SNRPN gene. Structure of the human
SNRPN gene with exons shown by black rectangles and methyla-
tion sites examined in this study shown by open circles (Dittrich et
al. 1996; Glenn et al. 1996). A Genomic DNA was digested in the
presence or absence of the methyl-sensitive enzymes NotI or
HpaII. B Long-range PCR was performed to amplify the genomic
DNA sequence from exon 1 to exon 4 in order to span both the
NotI site in intron 1 and the RFLP in exon 4 (C/T). A second PCR
amplification was performed from exon 4 to exon 8 to span both
the RFLP in exon 4 (C/T) and the HpaII site in intron 7. Only
methylated alleles are amplified in the predigested DNA samples
by using this approach. C Primary PCR products were diluted and
used as templates for secondary semi-nested PCR to span the
RFLP in exon 4. D Secondary PCR products were digested with
BstUI and analyzed by PAGE. Only the paternal allele from NS3
(C allele) will be digested at this site, so the ratio of maternal to pa-
ternal methylation may be directly compared



culture, the analysis of allele-specific methylation was
performed on genomic DNA samples derived from T cell
clones. In addition, RT-PCR spanning the same RFLP in
SNRPN and a different RFLP in IPW was performed from
RNA samples derived from T cell clones to examine di-
rectly the maintenance of allele-specific transcription.
Figure 5 demonstrates that maternal allele-specific methyl-
ation was maintained at intron 1 in all T cell clones. In
contrast, the absence of allele-specific methylation was
observed at the intron 7 site in all of the T cell clone DNA
samples except for NS3.9, which demonstrated a prefer-
ence for paternal methylation (Fig.5).

The RT-PCR results in Fig.5 demonstrate that exclu-
sive paternal transcription of SNRPN is maintained in
every T cell clone. There was a reverse correlation be-
tween allele-specific methylation and transcription for in-
tron 1 but not intron 7. A second imprinted gene, IPW,
was examined for the maintenance of monoallelic expres-
sion, because of its previously described regulation by the
SNRPN ICR (Sutcliffe et al. 1994). Figure 5 demonstrates
that monoallelic expression of IPW is also maintained in
all T cell clones.

Discussion

In this report, we demonstrate that the paternal expression
of SNRPN and IPW are maintained for at least 25 popula-
tion doublings of normal lymphocytes. Paternal expres-
sion of SNRPN and IPW have been well described in lym-
phoblast cell lines from PWS and AS patients, suggesting
that imprinted expression is clonally maintained (Glenn et
al. 1993, 1996; Sutcliffe et al. 1994). The current study is
the first description, to our knowledge, of maintained pa-
ternal expression of SNRPN by using an RFLP to examine
directly parental alleles in normal lymphocyte clones. The
importance of investigating imprinting in normal cells is
that maternal and paternal chromosomes in PWS and AS
cells are different from their normal counterparts in terms
of the replication timing of the GABRB3/A5 cluster and
the lack of homologous association of 15q11–13 ho-
mologs (LaSalle and Lalande 1995, 1996). The strict
maintenance of imprinted expression for both SNRPN and
IPW in all T cell clones suggests that homologous associ-
ation of 15q11–13 regions in normal cells does not alter
the allele-specific expression pattern of these imprinted
genes. The maintenance of imprinted SNRPN and IPW
expression in the absence of homologous pairing has also
been observed in hybrid cell lines and transgenic mice
lacking one 15q11–13 allele (Gabriel et al. 1998, 1999).

Preferential maternal methylation at the NotI site near
the 5’ end of SNRPN is also strictly maintained in all our
T cell clones (Fig.5). The correlation of maternal methyl-
ation at the 5’ end of SNRPN and paternal transcription
has been shown directly by a novel long-range PCR ap-
proach that spans both the methylation and RFLP sites
within SNRPN (Fig.2). In contrast, an absence of allele-
specific methylation has been observed for the HpaII site
within intron 7 in our T cell clones and bulk cultures
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#Fig.3A, B Primary PCR products from undigested and predi-
gested DNA from three representative NS3 T cell clones. A The
primary PCR product to test intron 1 methylation spans exon 1 to
exon 4 of genomic DNA. A 0.6% agarose gel demonstrates a sin-
gle band of around 17 kb of the intron 1 product from DNA either
undigested (–) or NotI pre-digested (+). B The primary PCR prod-
uct to test intron 7 methylation spans exon 4 to exon 8 of genomic
DNA. A 0.7% agarose gel demonstrates a 3.8-kb band from pri-
mary PCR amplification in both undigested (–) and HpaII predi-
gested (+) DNA samples

Fig.4 Determination of allele-specific methylation of SNRPN in
bulk cultured NS3 lymphocytes. Primary PCR products were used
as a template for secondary PCR followed by BstUI digestion. For
the intron 1 template, lane 1 is the control for primary PCR span-
ning the intron 1 site performed on undigested DNA (–). The ratio
of BstUI digested versus undigested product is close to 50/50 in
this lane. In lane 2, the primary PCR was performed on NotI-predi-
gested DNA. Maternal-specific methylation is demonstrated for
the NotI site in intron 1. For the template spanning intron 7, lane 3
is the undigested control (–), and lane 4 is the HpaII-predigested
sample. No allele specificity can be seen for methylation of the
HpaII site in intron 7. Percentage of paternal allele: lane 1 65%,
lane 2 11%, lane 3 58%, lane 4 62%



(Figs. 4, 5). The intron 7 methylation site has been previ-
ously reported to be preferentially methylated on the pa-
ternal allele, based on Southern blot analyses of PWS and
AS cell lines (Glenn et al. 1993, 1996). In addition, the in-
tron 7 site has recently been found to contain nuclease hy-
persensitivity sites in PWS but not AS cell lines, suggest-
ing an open chromatin configuration on the maternal
chromosome (Schweizer et al. 1999). The lack of parental
allele-specific methylation at the intron 7 site agrees with
the previous Southern blot analysis of normal T cell clones
showing heterogeneity in the total amount of methylation
(LaSalle et al. 1998). These combined results raise the
possibility that AS and PWS chromosomes may be abnor-
mal in their methylation pattern at the SNRPN intron 7

site. Future experiments with the long-range PCR ap-
proach to detect allele-specific methylation patterns in AS
and PWS T cell clones are warranted.

The observation from this report that two sites of ga-
metic methylation are differentially maintained during so-
matic cell division raises the question of what mechanism
accounts for the difference in methylation maintenance
between different sites. The location of the intron 1 NotI
site near the SNRPN transcriptional start site could ex-
plain the importance of this region in silencing transcrip-
tion, but not necessarily the maintenance of methylation.
Another major difference between the intron 1 and intron
7 sites is the density of CpG sites. The region around exon
1 contains a very high ratio of CpG sites (roughly 1 in 
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Fig.5 Clonal maintenance of
allele-specific methylation of
SNRPN at intron 1 correlates
with maintained paternal tran-
scription of SNRPN and IPW.
A panel of seven different T
cell clones (NS3.1, 2, 4, 5, 6, 8,
and 9) was examined for al-
lele-specific methylation and
transcription. For the SNRPN
analysis, lane 1 demonstrates
the RT-PCR product (RT)
showing only the paternal
BstUI(+) allele in all clones.
Lanes 2–5 show the allele-spe-
cific methylation analysis as
described in Fig.4 for bulk
lymphocyte culture. Numbers
below each lane represent the
percentage of paternal allele in
the sample. All clones showed
preferential maternal methyl-
ation of the intron 1 NotI site.
Most clones showed no prefer-
ence for either maternal or pa-
ternal methylation of the HpaII
site in intron 7. The exception
was NS3.9, which showed a
preference for paternal methyl-
ation. The IPW analysis dem-
onstrates that the monoallelic
expression of the HphI(–) allele
is also maintained in all T cell
clones. As the digested bands
were small (46 bp and 36 bp),
some minor variations arose
because of PAGE artifacts 
(see NS3.8 lanes 1, 2). A band
representing a primer dimer
was sometimes observed over-
lapping the 36-bp band (see
NS3.9 lane 3)



10 bp; Zeschnigk et al. 1997). In contrast, the density of
CpG sites in intron 7 is around 1 in 50 bp (Ozcelik et al.
1992). The CpG density would also explain the partial
loss of allele-specific methylation near the BD1A up-
stream exon of SNRPN (~1 in 20 bp) and the maintenance
of methylation at the 5’ end of the androgen receptor (AR)
gene on the X chromosome (~1 in 11 bp; LaSalle et al.
1998).

In conclusion, we have demonstrated that the clonal
maintenance of the paternal specific expression of SNRPN
and IPW in normal T lymphocytes correlates with allele-
specific methylation at the 5’ end of SNRPN. The novel
approach in this report of investigating allele-specific
transcription and methylation directly in normal lympho-
cyte clones should be of future value in assessing molec-
ular mechanisms involved in the maintenance of parental
imprinting.
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