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Differential allelic expression has been shown to be common in mice, humans and maize, and variability in
the expression of polymorphic alleles has been associated with human disease. Here, we describe the differ-
ential expression pattern of Paraoxonase-1, a gene involved in lipid metabolism and implicated in the for-
mation of atherosclerotic lesions. We measured the expression of the murine Paraoxonase-1 gene (Pon1)
in livers at different stages of embryonic development using F1 hybrid crosses and quantified the transcrip-
tional level of both parental alleles. Using human foetal tissues, we analysed the expression of the human
orthologue (PON1) and found monoallelic or preferential allelic expression in 6/7 and 4/4 samples from
liver and pancreas, respectively. We observed that Pon1 does not show a parent-of-origin preference in its
allelic expression, but has dramatic variations in allele-specific expression occurring throughout develop-
ment. This study has important repercussions in the analysis of haplotypes at disease loci, since it implies

that the expression of polymorphic alleles can be unequal and dynamic.

INTRODUCTION

Allele-specific differences in gene expression dispute the
century-old Mendelian paradigm of equal contribution from
the two inherited alleles. Allele-specific gene expression
patterns have been classically characterized only for genes con-
trolled by epigenetic mechanisms, such as genomic imprinting
and X-chromosome inactivation. However, studies focusing on
non-random allele-specific gene expression have found con-
clusive evidence of the unequal expression of allelic copies in
autosomal non-imprinted genes and have demonstrated that it
is a common occurrence in human, mouse and maize (1-4).
The physiological importance of these differences is gradually
being unravelled and is highlighted by the fact that altered
levels of expression of polymorphic alleles have been impli-
cated in disease pathogenesis and have functional significance
(5—8). The difference in expression between two alleles has
been shown to be as high as 90%, and variations in cis-acting
DNA regulatory elements are considered to be primarily
responsible for such allele-specific gene expressions (9,10).

Consequently, the systematic characterization of such regulat-
ory variations will facilitate the identification of disease-
associated polymorphisms.

To determine the frequency of unequal allelic expression,
Lo et al. (1) analysed 602 transcripts using microarray tech-
nology and determined that 54% of these showed preferential
expression of one gene copy in at least one of the seven indi-
viduals studied. Similar results were obtained by Bray et al.
(2), who found that the expression of 7/15 of the cerebral
genes analysed varied by >20% in at least one of the 19 indi-
viduals studied. Analyses of gene expression levels between
monozygotic twins, siblings and unrelated individuals have
suggested that variability in expression levels is genetically
determined (11). In support of this, recent studies have
shown that differential allelic expression is a heritable trait,
which may be inherited in a Mendelian manner (10,12,13).

In this study, we have identified preferential allelic
expression in the Paraoxonase-1 gene (mouse gene Ponl;
human gene PONI; OMIM: 168820). Paraoxonase-1 (EC
3.1.1.2), known to hydrolyse organophosphate compounds,
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Figure 1. Overview of the murine Pon/ locus. The 1 Mb region contains several imprinted genes (white boxes), as well as genes showing preferential or biallelic
expression (black boxes). Transcriptional direction of each gene is shown by arrows. The intron—exon structure of Pon/ is depicted below, as well as its non-
coding or putative non-coding region (grey segments). Primers used for amplifying cDNA fragments and primers used for amplification of genomic DNA in SNP

identification are indicated by fragments and a black bar, respectively.

plays an important role in lipid metabolism by associating
with high-density lipoproteins and preventing the oxidation
of low-density lipoproteins (14—16). As such, Ponl-knockout
mice are more susceptible to atherosclerotic lesions than wild-
type controls (17). Studies have identified various common
polymorphisms in Ponl’s sequence and promoter region,
which have been shown to correlate with enzymatic activity
or gene expression levels (18—22).

PONI is a member of a family of at least three genes, all of
which map to human chromosome 7q21.3. The mouse ortho-
logues of two of these genes, Pon2 and Pon3, were recently
identified as being part of a large cluster of imprinted genes
located on chromosome 6A1 (Fig. 1) (23). The gene centro-
meric to Ponl, Ppplr9a, has also been shown to be imprinted
in both human and mouse (23,24). On the basis of the obser-
vation that imprinted genes are located in clusters throughout
the genome (25,26), we considered Ponl to be a potential
candidate for imprinting. Therefore, its imprinting status was
examined using F1 reciprocal hybrids of inbred mice strains.
Although we did not identify a parent-of-origin pattern of
allelic expression, we discovered that Ponl shows preferential
allelic expression in the liver and that this expression level
changes dynamically in a strain-dependent manner throughout
embryonic development. To our knowledge, this is the first
demonstration that allele-specific effects on gene expression
can be dependent on developmental stage.

RESULTS

Allelic expression analysis of murine Ponl gene

To determine the allelic expression pattern of Ponl, a single-
nucleotide polymorphism (SNP) (T/C) was identified in its
cDNA sequence at nucleotide 280 of NM_011134. The T
allele was present in C57BL/6J (BL6) inbred strains,
whereas the C allele was present in both JF1/Ms (JF1) and

CAST/Ei (CAST) strains. Tissues were extracted at different
stages of development [12.5 days post-coitum (dpc),
15.5 dpc and PO (postnatal day 0)] from the F1 embryos of
hybrid strains BxC and BxJ (where B is the female), as well
as their reciprocal crosses. Ponl expression was determined
by RT-PCR in the lung, liver, yolk sac, placenta, intestine,
limb and brain. A detectable level of Ponl expression at all
three stages was observed only in the liver. The transcript
was also found to be expressed in brain, but at low levels,
and was consequently excluded from further analyses.

Allelic expression analysis of Ponl was performed by direct
sequencing of RT-PCR products, which span exons 1-6
(Fig. 1). A preferential expression pattern, independent of
parent of origin, was observed in the liver samples and was
subsequently confirmed by pyrosequencing (Fig. 2). This
method has been previously shown to be a quantitative
method of determining allelic ratios (27,28). These analyses
revealed a higher expression of the CAST and JF1 alleles at
12.5 dpc in each cross and a marked decrease in its allelic
expression level in the later stages examined (Fig. 3, Sup-
plementary Material, Table S1). This decrease was most
notable in crosses involving CAST, where the expression of
the BL6 allele surpassed that of the CAST allele in PO
samples. In JF1 hybrid crosses, however, the JF1 allele
always had a stronger expression than BL6, which is consist-
ent with the allelic preference at PO observed by Ono et al.
(23). Notably, the decrease in CAST and JFI alleles was
more drastic when BL6 was maternally inherited. This dis-
parity in the expression was best observed at 15.5 dpc in
crosses involving CAST, where this strain’s allelic frequency
is measured at 45.3% in BxC, whereas it is 67.6% in CxB. The
observed biased allelic expression patterns were reproduced in
a separate set of embryonic livers by direct sequencing of
RT-PCR samples at each stage of development, indicating
the possibility that the allelic expression patterns are not
random but developmentally regulated (Fig. 2). In addition,
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Figure 2. Expression pattern of Ponl. Electropherograms from sequencing of
two sets of liver cDNA samples from hybrid crosses at different developmental
stages are shown. Results from amplification of genomic DNA are indicated on
the right. The blue and red peaks indicate C and T, respectively, where T is the
allele inherited from BL6 in Ponl. Letters B, C and J refer to species BL6,
CAST and JF1, respectively, with the first letter of each cross representing
the mother. The results show reproducibility in the two sample sets and indicate
a dynamic pattern of expression throughout development.

the findings were replicated using SNaPshot™, a fluorescent-
based primer extension method which allows the quantifi-
cation of differences in peak heights between two alleles
(29), suggesting that the findings are not dependent on the
methodology (Supplementary Material, Fig. S1).

To identify splice variants whose increased expression may
account for the differential pattern observed, 5" RACE was
performed and the whole length of Ponl/ (from exons 1-9)
was also amplified. Additional 5’ ends or splice variants
were not identified.

Quantitative RT-PCR analysis of Ponl expression
during liver development

To determine whether the dynamic allelic patterns of the
expression observed in Ponl were due to a static expression
of the CAST and JF1 alleles with increases in BL6 allele or
whether they were caused by decreases in the CAST and
JF1 alleles, quantitative PCR was performed using the
SYBR Green detection method. The expression of Ponl was
quantified in each liver samples for every developmental
stage and hybrid cross. The values were normalized by
[B-2-microglobulin gene expression quantities at the corre-
sponding stage, and a final relative expression was obtained
(Fig. 3). The analysis revealed that Ponl expression increased
in an exponential pattern during embryonic development. This
increase in total gene expression was far more striking in
crosses involving JF1. Similar results were obtained using an
independent set of liver samples and by 3-actin normalization
(data not shown).

Upon incorporation of allele frequencies obtained from pyr-
osequencing analysis into the quantitative measurements, it
was apparent that both alleles increased, yet in disproportion-
ate amounts as shown in Figure 3. The BL6 allele shows a
higher fold increase in expression than the CAST or JFI
allele. This is best illustrated in the JxB hybrid crosses,
where a 27.7-fold increase in BL6 allelic expression is
measured between 15.5 dpc and PO. In contrast, only a
2.8-fold increase in the expression of the JF1 allele was
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observed between the same two developmental stages
(Fig. 3, Supplementary Material, Table S1).

Screening of candidate SNPs responsible for allele-specific
gene expression and promoter methylation analysis

Several SNPs identified upstream from the human PONI gene
have been associated with paraoxonase protein and transcript
levels. On the basis of this observation, ~1 kb of the region
upstream from the murine Ponl start codon was sequenced,
as well as exon 1, in order to identify SNPs in the regulatory
region. Two polymorphisms were identified at —227 (G/T)
and —413 (C/T), where the nucleotide prior to the ATG is
—1. At the —227 polymorphism, in silico analysis using
TESS (www.cbil.upenn.edu/tess) identified a TFIID-binding
site present in BL6 and absent in CAST and JF1. Further
sequencing of the region 2 kb upstream from the start codon
identified an average of one SNP every 57 bp, indicating
relaxed selective constraint and, consequently, a lower prob-
ability of the presence of regulatory elements in the region.

In addition, the possibility of differential methylation of the
Ponl promoter was investigated. DNA was extracted from
livers at four developmental time points (12.5, 16.5,
17.5 dpc and P10) from JF1 x BL6 hybrid embryos. The
samples were treated with bisulphite and PCR-amplified to
analyse the methylation of cytosines in the promoter. Since
our expression analyses had revealed an increase in BL6
allele frequency throughout development in this strain, we
hypothesized that we would observe a loss of methylation
on this allele. However, no discernable difference was seen
in the methylation pattern between the developmental time
points (data not shown).

Allelic expression analysis of murine Pon2 and Pon3 genes

Pon2 and Pon3 expression in embryonic liver was analysed to
determine whether these genes are co-regulated with Ponl.
The allelic ratio of SNPs was observed by sequencing electro-
pherograms obtained from the gene-specific amplification of
the ¢cDNA used for Ponl analysis. This analysis revealed
that Pon2 and Pon3 show allelic preference in embryonic
liver gene expression with a strain-specific effect (unpublished
data). However, unlike Ponl, this preference varies little
throughout development, indicating that these genes are not
co-regulated.

Allelic expression analysis for the human PONI gene

PONI expression was analysed in the placenta, muscle,
stomach, kidney, intestine, liver, pancreas and lung by
RT-PCR. High expression was observed in the liver and
weaker expression in the pancreas (Fig. 4A). Consequently,
only these two tissues were used in subsequent analyses.
Thirteen foetal liver samples were genotyped at an A/G
polymorphic position in exon 6 of PONI. Seven of these
samples, five of which were second trimester foetuses and
two of which were of unknown gestational stages, were
found to be heterozygous and were used for subsequent
analyses. Sequencing of cDNA extracted from these seven
tissues revealed monoallelic expression of PONI in four
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Figure 3. Real-time quantitative PCR analysis of Pon!. Transcript abundance of hepatic Pon/ at various stages of embryonic development in F1 hybrid mice was
quantified by SYBR Green detection method in triplicate. Values in the uppermost section represent total average Pon/ measurements normalized by
B-2-microglobulin expression in each sample. Frequencies of CAST or JF1 and BL6 alleles measured by pyrosequencing are represented by pie charts,
where the white portions represent the CAST or JF1 allele and the grey portions represent the BL6 allele. The shading in BJ-PO expression indicates that it

goes beyond the upper limit of the graph. The total expression at this developmental time point was found to be 22.2 + 3.00 x 10

. The four charts in the

lower section represent the relative contribution of each allele towards the total expression of Ponl, where the cross and developmental time point is indicated
at the bottom of each bar. Fold increase in the expression of each allele from the previous time point is also indicated at the top of the bar. Error bars were
calculated using the standard deviation of both pyrosequencing and quantitative PCR results. The results indicate a disproportionate increase in the expression
of each allele. JB, CB, BC and BJ refer to JxB, CxB, BxC and BxJ F1 hybrids, respectively.

samples, two displayed preferential expression and the
remaining was biallelically expressed (Fig. 4B). It must be
noted that the latter was from an unknown gestational stage.

Ten pancreatic samples were genotyped for the same SNP,
and four were found to be heterozygous. cDNA analyses
revealed that three of these samples showed preferential
allelic expression of PONI and one sample showed monoallelic
expression of the gene (Fig. 4B). Since parental samples
corresponding to the foetal samples analysed were unavailable,

we were unable to determine the parent of origin in the
expression of PONI.

DISCUSSION

Our study determined that Ponl exhibits preferential allelic
expression in the liver and that the allelic expression level
can change in a dynamic manner throughout embryonic devel-



Pl Mus St K In

B mrw'q,;[NAT[(TG AC TTACNATCCTG
Genotyping i )
(Fetal DNA) N \ I‘X ”A’Afw

c:\l%c.,zruc,u‘ﬂclri [AGI?-:.\[GI.:.:C.!
Expression

(Reverse sequence) J~

!“\ ,‘ﬂ \" H{\!;

Figure 4. Human PONI expression. (A) PONI tissue expression. RT-PCR
was performed on placenta (Pl), muscle (Mus), stomach (St), kidney (K),
intestine (In), liver (L), pancreas (Panc) and lung (Lu). B, blank; M, marker.
Upper panel shows PONI expression, lower panel shows GAPDH control
expression. (B) Monoallelic expression of human PONI in the liver and pan-
creas. Biallelic sequencing results of a human PONI polymorphism from
foetal samples are shown in the top panels. cDNA sequencing of PONI in
the liver (left panel) and pancreas (right panel) showing monoallelic
expression of the polymorphism (bottom panels).

opment and is also dependent on genetic background. The
allelic expression pattern of Ponl was examined by Ono
et al. (23), but only in neonatal liver and lung tissues. The
allelic difference we detected in gene expression changed
throughout development in a strain-dependent manner and
was found to be biased against the allele carried by CAST
and JF1, although the bias was stronger in crosses involving
CAST and when the BL6 allele was maternally inherited.
Our observations illustrate the first case of a developmentally
regulated dynamic allelic expression pattern. A recent study
performed by Wilkins et al. (30) demonstrated that differences
in allelic expression can occur between different regions of a
single-tissue sample from the same individual. Consequently,
owing to the fact that whole-liver samples were used in our
study, its findings may reflect differences in allelic expression
occurring in a subset of cells within the liver.

An analysis of the human PON1 protein in infants revealed
an increased expression level of 2 to 7-fold from birth until 6
to 12 months, at which point it reached a plateau (31). The
equivalent stage is reached at 3 weeks of age in mice and
rats. We found that Ponl transcript levels increased substan-
tially during embryonic formation, providing evidence that
Ponl protein activity escalates during hepatic development
and plateaus at postnatal stages. Future studies may determine
whether such an increase in expression correlates with Ponl
enzymatic activity.

Monoallelic and preferential expression of human PON/ was
observed in various liver and pancreatic foetal samples, yet we
were unable to determine the parent-of-origin. The differences
in human PONI expression may be attributed to polymorphic
imprinting, which has been observed in several human genes
(32,33). However, it is important to note that preferential mono-
allelic expression can occur in a non-parent-of-origin pattern
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(10), as was seen in Ponl at 12.5 dpc in BJ and JB hybrids
(Fig. 2). Consequently, it is plausible to hypothesize that
PONI is expressed monoallelically at early gestational stages,
preferentially later in development, and biallelically expressed
neonatally. Such a dynamic pattern of expression would
account for the preferential and biallelic expression patterns
seen in several of the human samples. However, the differences
in PONI expression may also be due to polymorphisms in
cis-acting regulatory regions between the biallelically and
monoallelically expressed samples.

Variation in allelic expression dependent on developmental
stage has been suggested to be a regulatory mechanism in the
decline of lactase activity in mammalian maturation. Cis-
acting regulatory variants have been identified upstream of
the lactase gene, and these have been associated with heredi-
tary lactase persistence (34,35). These variants have been
associated with increased/decreased levels of lactase transcript
and have been shown to exhibit differential binding of nuclear
proteins (36,37). Human studies have also shown a decline in
the expression from the allele associated with hypolactasia
with age (38). Such a developmentally regulated pattern of
preferential allelic expression may also occur in Ponl,
where the expression from one allele varies with developmen-
tal stage, due to differential binding of transcription factors.

Two common coding polymorphisms have been identified
in human PONI1, L55M and Q192R, where the former has
been associated with a greater production of mRNA (L
allele) (22) and greater serum paraoxonase levels (18).
Brophy et al. (21) found that this polymorphism is in
linkage disequilibrium with a polymorphism in the promoter
region (—108C/T). To determine whether sequence variations
in regulatory regions may likewise account for the preferential
pattern of the expression observed in mice, we sequenced the
1 kb region upstream from the coding region and identified
two SNPs. /n silico analysis of the SNPs identified a putative
binding site for TFIID, a TATA-box-binding protein required
for RNA polymerase II activity, at SNP —227, implicating a
possible role for this general transcription factor in the
expression pattern of Ponl. However, this analysis does not
exclude the possibility that cis-acting regulatory elements
may be located in other regions of the gene, including
introns and 3’ regulatory regions.

An analysis of /L10 production and promoter cis-acting
variations within the locus identified specific haplotypes
which were associated with higher allelic transcription (13).
In a similar analysis, an intronic SNP in the lymphotoxin-a
gene was found to be correlated to the protein’s production
owing to the haplotype-specific binding of a bHLH protein
which gave rise to allele-specific regulation (39). Such vari-
ations may account for the difference in Ponl gene expression
levels seen between JF1 and CAST mice strains. Further ana-
lyses using reporter-based promoter studies may corroborate
the impact of cis-acting variations on Ponl allele-specific
expression.

The results of this study emphasize the importance of deter-
mining expression levels, not only in reciprocal crosses as
shown here (3,23), but also at different developmental stages
when analysing preferential patterns of expression. This is
highlighted by the fact that each gene in the paraoxonase
family shows a different pattern of expression, although
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located within a cluster of imprinted genes. Such a finding
could only be proved by reciprocal analyses of hybrid
samples, which allows one to distinguish between monoallelic
or preferential expression and true imprinting which must be
parent-of-origin specific. In addition, our results were dupli-
cated on an independent set of liver samples, further stressing
the absence of random expression.

Our findings further stress the need to determine allelic
levels at disease loci, since differences in these levels are
sources of phenotypic variation in human genetic diseases. If
the mechanism of Ponl regulation is conserved, it may
imply that polymorphisms in human PON/ may not be a
clear indicator of increased risk for atherosclerosis, since the
expression of both alleles is neither equivalent nor static.
However, further experiments need to be performed to deter-
mine levels of human PON/ allelic variance.

MATERIALS AND METHODS
Allelic expression analysis of murine tissues

Hybrid crosses were performed between C57BL/6J and
CAST/Ei, and C57BL/6J and JF1/Ms, and tissues were
obtained from the F1 generations and their reciprocal crosses
at 12.5 and 15.5 dpc and PO. Total RNA was extracted using
TRIzoL reagent (Invitrogen) as outlined by the manufacturer.
Two micrograms of DNase-treated total RNA was used for
cDNA synthesis using random primers (SuperScript II
reverse transcriptase, Invitrogen).

To identify SNPs in Ponl, a 607 bp fragment was sequenced
from cDNA wusing primers Ponl-F and Ponl-R whose
sequences are 5'-ACAAGAACCATCGGTCTTCC-3' and 5'-C
CTTCTGCTACCACCTGGAC-3" (23), respectively. The
identified SNP at nucleotide 280 of NM_011134 was confirmed
in genomic DNA by PCR amplification using primers Exon-4F
(5-TGATGTCTCGAGAGCAATGG-3’) and Exon-3R (5'-TG
CACCACGTTTGAAACAAT-3"). Genomic SNPs were ident-
ified in the promoter using primers Promoter-F 5-ATGG
CCTGAGACAGATGGAC-3' and Promoter-R 5-CCTCCTTC
CACCACACAAGT-3', which amplified an 803 bp fragment.
The cycling conditions were initial denaturation at 94°C for
5 min, followed by 35 cycles for cDNA and 40 cycles for
genomic DNA, denaturation at 94°C for 30 s, annealing at
57.5°C for 30 s and extension at 72°C for 90 s. Products were
purified using microCLEAN (Microsone Ltd) and were sub-
sequently sequenced on an ABI 3730XL using BigDye Termin-
ator v3.1 cycle sequencing kit (Applied Biosystems), combined
with Half BigDye sequencing buffer (Sigma Aldrich). Biased
expression levels were confirmed in at least two embryos at
each stage of development and for each hybrid cross.

Pyrosequencing analysis

Ponl cDNA was amplified for pyrosequencing using 7ag2000
(Stratagene) following the manufacturer’s protocol and using
primers (forward) 5-GACGGGTGCTGAAGACTTAGA-3
and (reverse) 5- AGGCTTACTGGGATCGAAACT-3'.
The biotinylated products were purified using streptavidin
sepharose (GE Healthcare), following the PSQ 96 sample
preparation guide. The sequencing primer used in the pyrose-

quencing reaction was 5'-GGACTAACTTTC TTTAGCAC-3’
at a concentration of 0.4 wMm per reaction. Pyrosequencing was
performed using the Pyro Gold Enzyme Mixture (Biotage) and
analysed using PSQ 96MA 2.1 ID system.

SNaPshot analysis

Unincorporated PCR primers and dNTPs were removed from
25 pl of PCR products by the addition of 8.3 U of shrimp alka-
line phosphatase (SAP) and 3.3 U of Exonuclease I (Exo)
(USB). Mixtures were incubated at 37°C for 1 h followed by
75°C for 15 min to inactivate the enzymes. SNP genotyping
was performed using SNaPshot single-basepair extension reac-
tions (Applied Biosystems). Primers for the extension reac-
tions were designed according to the manufacturer’s
instructions: SNP-g-mPON1-ss2 (5'-GACTTATAATAAATG
TCAATAAACACTCAC-3') was used to quantify the allelic
ratios of genomic samples, and mPONI1 (5-GACTAAT
GGACTAACTTTCTTTAGCAC-3') was used for cDNA.

Reactions contained 7 pl of cleaned PCR product, 2 nl of
SNaPshot multiplex enzyme mix and 2 pmol of primer for a
total volume of 10 pl. Cycling conditions for the extension
reaction were 25 cycles of 96°C for 10s, 55°C for 5s and
60°C for 30 s. Following the extension reaction, unincorpo-
rated ddNTPs were removed by adding 1 U of SAP and incu-
bating products at 37°C for 1 h followed by 75°C for 15 min.

Volumes of 1-2 pl of SNaPshot reactions were suspended
in 9 pl of Hi-Di formamide (ABI) and run on an ABI3100
genetic analyser (Applied Biosystems) using the POP4
polymer and dye set ES. Results were analysed using the
GENESCAN v. 3.1 software.

Real-time quantitative PCR

To compare Ponl levels at different stages of embryonic
development, quantitative PCR was performed using the
Brilliant SYBR Green qPCR Master Mix (Stratagene). The
primers used for the reaction were qPCR-Ponl-F (5'-CGGGT
GCTGAAGACTTAGAGA-3’) and qPCR-Ponl-R (5'-CTCT
GACACTGCTGGCTCCT-3'). The PCR reactions were per-
formed in triplicate and in separate tubes. Absolute quanti-
tation of Ponl was obtained from cDNA from hybrid mice
at various stages of growth. Results were normalized by
[-2-microglobulin and B-actin, which were quantified using
the following primers: B-2-microglobulin-F (5-ATGGGA
AGCCGAACATACTG-3") and B-2-microglobulin-R (5'-C
AGTCTCAGTGGGGGTGAAT-3); B-actin-F (5-TTGTTAC
CAACTGGGACGAC-3’) and B-actin-R (5'- TCTCAGCTGT
GGTGGTGAAG-3'). Results were analysed using the
standard curve method according to the manufacturer’s
instructions using the Mx3005P quantitative PCR system
(Stratagene, La Jolla, USA). The system’s default PCR
conditions were used, with annealing temperature at 58°C.
The standard curve for all three transcripts quantified was
developed using dilutions of a single-liver cDNA sample.

Methylation analysis

DNA was extracted from livers of hybrid embryo from the off-
spring of JF1/Ms (JF1) and C57BL/6J (BL6) using DNeasy



blood and tissue kit (Qiagen). Bisulphite treatment was per-
formed using the EZ methylation protocol (Zymo Research).
The bisulphite-treated promoter region of Ponl was amplified
using the following primers: (forward) 5'-GTTAGAGTTTTT
TAGAGGTATTTTGTTGG-3" and (reverse) 5'-CATAACTA
ACACTCAATAAACCTCAATC-3'. One microlitre of the
reaction was used for a semi-nested reaction where the same
forward primer was used with the following reverse primer:
5'-CCTCAATCACATAAAAAAAATACTAAATAA-3. The
amplified product was purified using microCLEAN (Micro-
zone Ltd) and was subcloned using the TOPO TA-cloning
system (Invitrogen).

Human foetal tissues

Foetal tissues were obtained from the MRC Tissue Bank at
Imperial College London, Hammersmith hospital site. Local
ethical approval for the use of the collection was granted by
the Hammersmith, Queen Charlotte’s and Chelsea and Acton
Hospitals Research Ethics Committee (2001/6028).

Expression analysis on human foetal samples

Total RNA was extracted from foetal tissues using TRIzoL
(Life Technologies). RT-PCR of PONI was performed on
cDNA synthesised from the total RNA following reverse tran-
scription using the primer pair 1F (5-TATTGTTGCTGT
GGGACCTGAG-3') and 1R (5-CCACAGATATGTTATCC
ACG-3'). For each RNA sample, an RT-negative control
was used and standard GAPDH primers were used to
confirm RNA integrity.

A 97 bp DNA fragment was amplified from foetal genomic
DNA wusing primers ex6 1F (5-TATTGTTGCTGTGG
GACCTGAG-3') and 2R (5-CAGGCTAAACCCAAATACA
TCTC-3') and was sequenced to assay for SNP rs662 on exon
6. The cycling conditions were initial denaturation at 94°C for
3 min, followed by 35 cycles denaturation at 94°C for 30 s,
annealing at 55°C for 30 s and extension at 72°C for 90 s. The
PCR products were purified and sequenced using primer
5'-TATTGTTGCTGTGGGACCTGAG-3'. Allelic expression
pattern was determined by comparing the peak heights of two
alleles at an SNP site in sequence electropherograms. When
the peak height for one allele was lower than one-tenth of that
of the other allele, it was interpreted as a monoallelic
expression. When one peak was equal or higher than one-tenth
of the other and lower than the half of the other, it was assigned
to be a preferential expression. When one peak was equal or
higher than the half of the other, it was regarded as a biallelic
expression.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG Online.
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