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Abstract. The evolution, inheritance and recombination
rate of genes located in the pseudoautosomal region 1 (PAR1) is
exceptional within the human genome. Pseudoautosomal genes
are identical on X and Y chromosomes and are not inherited in
a sex linked manner. Due to an obligatory recombination event
in male meiosis, pseudoautosomal genes are exchanged fre-
quently between X and Y chromosomes. During the isolation,
characterization and sequencing of a novel gene PPP2R3L,

which was classified by sequence homology as a novel member
of the protein phosphatase regulatory subunit families, it be-
came apparent that cosmids of different origin harboring this
gene are highly polymorphic between individuals, both at the
nucleotide level and in the number and sequence of tandem
repeats.

Copyright © 2001 S. Karger AG, Basel

The final stage of the human genome sequencing project is
accompanied by efforts to identify polymorphic sites within the
genome which are useful for genome-wide screening. It has
been suggested that the identification of genes with low pene-
trance or modest effects on human traits, such as those generat-
ing susceptibility or resistance to common disorders, may
require the use of genetic maps containing 100,000 to 300,000
randomly spaced markers (Kruglyak, 1997; Wang et al.,
1998a). Single nucleotide polymorphisms (SNPs) are consid-
ered to represent the most common type of DNA sequence
variation and are estimated to occur once in every 500–

1,000 bp when any two chromosomes are compared (Cooper et
al., 1985; Li and Sadler, 1991; Harding et al., 1997). Further-
more, a positive correlation between recombination rate and
the degree of polymorphism was observed (Charlesworth et al.,
1993; Nachman et al., 1998).

The human pseudoautosomal region 1 (PAR1) located at
the tips of the short arms of the human X and Y chromosomes
is a genomic region with exceptionally high recombination
rates. It has been suggested that an obligatory crossing over
event occurs in every male meiosis which leads to a recombina-
tion rate of up to 50 % within the 2.6–2.9 Mbp of DNA (Rouyer
et al., 1986; Lien et al., 2000).

The isolation and characterization of a novel regulatory sub-
unit gene of a protein phosphatase within the pseudoautosomal
region led to the identification of several new polymorphic
sites, VNTRs and SNPs by comparative sequencing of three
cosmid clones from two different libraries. Protein kinases and
protein phosphatases are key regulators of cellular functions
from metabolism and signal transduction to cell division and
memory. Protein kinases and phosphatases belong to large gene
families which can be subdivided into subfamilies according to
their specificity or sensitivity to inhibitors, their expression
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pattern, and sequence similarities (for review see Shenolikar,
1994; Wera and Hemmings, 1995; Barford, 1996; Cohen,
1997).

Members of the phosphatase subfamily PPP2 (formerly
PP2A; for new nomenclature see http://wwww.gene.ucl.ac.uk/
nomenclature/) are classified as Ser/Thr phosphatases which
can be inhibited by okadaic acid (Wera and Hemming, 1995).
PPP2 is a trimeric holoenzyme, consisting of a 36-kDa catalytic
subunit (PPP2C or PP2Ac) and a constant 65-kDa regulatory
subunit (PPP2R1, PR65 or A subunit) which form together the
dimeric core enzyme and an additional variable regulatory sub-
unit B (PPP2R2–PPP2R5). With the exception of PPP2R3, all
regulatory B subunits isolated to date represent apparently
unrelated gene (sub-)families each encoding several sequence-
related subunits (Mayer et al., 1991; Hendrix et al., 1993;
McCright and Virshup, 1995; McCright et al., 1996; Tehrani et
al., 1996; Tanabe et al., 1996).

We describe the isolation and characterization of a novel
protein phosphatase regulatory subunit gene PPP2R3L, exhib-
iting high homology to PPP2R3. Similar to PPP2R3,
PPP2R3L is highly expressed in skeletal muscle and heart.
Comparative sequencing of two distinct alleles of the PPP2R3L
gene leads to the identification of new polymorphic sites within
the telomeric part of the human pseudoautosomal region
PAR1.

Materials and methods

Primers
The following primers were used for sequencing, RT-PCR and RACE

experiments: JM1rev: 5)-ACC TGC GCC GAG CTG CGG-3); JM2rev: 5)-
GAA GGG AAG ATC AGC TAT GCC G-3); JM3rev: 5)-TGG GAG AAG
TAC GCG GCC G-3); JM1Buni: 5)-GAA GAA GGG CCT CTG GGC C-3);
JM2uni: 5)-CCG TCC CTG AGC AGG GAG-3); pp1rev: 5)-CGT CGT
CGT GGC AGT TCT GG-3); pp2rev: 5)-CCA CCA GGC CCA TGT CGT
CC-3); pp1for: 5)-ACC GGC CAC GAG CCA AAG C-3); ppe1for: 5)-GCC
AGG ACC CCG ACC TGC G-3); pp5)for: 5)-CGC CCT CCT CAG CCT
GAG G-3).

Cosmid isolation
Cosmids were isolated from the ICRF X chromosome-specific cosmid

library (ICRFc104), the Lawrence Livermore X chromosome-specific cos-
mid library (LLNLc110) and the Y-chromosome specific cosmid library
(LLNOYC03)M)). The ethnic background of the DNA used for cloning is not
known. Cosmids were isolated as described by Rao et al. (1997).

Southern blot and Northern blot hybridization
Southern blot hybridization was carried out under high stringency condi-

tions in Church buffer (0.5 M NaPi, pH 7.2, 7 % SDS, 1 mM EDTA) at 65 ° C
and washed in 40 mM NaPi, 1 % SDS at 65 °C. A multiple-tissue Northern
blot (Clontech) with RNA of adult human tissues was hybridized with a
PCR-fragment (ppe1for-JM1Buni) of the PPP2R3L cDNA in formamide
buffer at 42 °C and washed under high stringency conditions (0.1 × SSC,
0.1% SDS, 65 °C) as described by the manufacturer.

cDNA isolation and 5)RACE
A 1.1-kbp EcoRI/NotI fragment (6475/12) of cosmid LLNLc110H032

was used to screen filters of a fetal brain cDNA library (Stratagene #936206;
5.5 × 105 pfu). After rescreening, one positive clone was isolated and
sequenced. To further extend the 5) end of this cDNA clone, 5) RACE was
used to amplify a skeletal muscle cDNA library (Rao et al., 1997) using a
PPP2R3L specific primer, JM1Buni, and the vector primers Ïgt10for or
Ïgt10rev. For nested PCR, the primer JM2uni was used.

RT-PCR
RT-PCRs of PCR amplified cDNA libraries (Rao et al., 1997) were used

to show low level expression of the PPP2R3L gene in several tissues and to
verify the expression of the first exon of PPP2R3L, which was identified by
genomic sequencing. To characterize the X-inactivation behavior of the
PPP2R3L gene, RNA isolated from three different somatic cell hybrids con-
taining either the active human X chromosome, the inactive X or the human
Y chromosome were reverse transcribed (Schiebel et al., 1993) and amplified
with primers JM2rev and JM1Buni at 62 °C annealing temperature. PCR
products were cloned into pMOSBlue using the pMOSBlueT-vector Kit
(Amersham-Pharmacia Biotech).

Genomic sequencing
Sonicated fragments of three different overlapping cosmids

(LLNLc110P1837, LLNLc110H032 and LLNOYC03)M)56G10) were sub-
cloned separately into M13mp18 vector. At least 1,000 plaques were selected
from each cosmid sublibrary, M13 DNA was prepared and sequenced with
dye-terminators, ThermoSequenase (Amersham) and universal M13-primer
(MWG-BioTech). The gels were run on ABI-377 sequencers and data were
assembled and edited using the GAP4 program (Staden). Several genomic
DNA sequence analysis programs (GENSCAN, GRAIL2, MZEF and
XPOUND) were used to predict exons. With the exception of exon 12, all
exons were recognized by at least one program. Not a single exon was
detected by all programs in its correct length.

GenBank accession numbers
The PPP2R3L cDNA sequence is available from the sequence

data base under accession number Y13629, the genomic sequence of
cosmids LLNLc110P1837 and LLNLc110H032 as AF215839; and
LLNOYC03)M)56G10 as AF215840.

Results

Isolation of PPP2R3L cDNA
Rare cutter restriction mapping of cosmids residing in the

distal part of the PAR1 (Rao et al., 1997; Gianfrancesco et al.,
1998) identified a cluster of restriction sites in cosmid
LLNLc110H032, indicating a potential CpG island (Fig. 1).
A 1.1-kbp EcoRI/NotI fragment (6475/12) of cosmid
LLNLc110H032 was used to screen a fetal brain cDNA library,
resulting in the isolation of a single 1.3-kbp cDNA (FB). 5)
RACE experiments using a skeletal muscle cDNA library as
template further extended this cDNA by 0.3 kbp (SM-5)RACE
clone). To identify the full length sequence, a 1.9-kbp NotI/Eco-
RI fragment of cosmid H032 was sequenced, revealing the
missing first exon. Exon 1 overlaps by 62 bp with the previously
isolated 5)RACE-PCR-product (Fig. 1). A 1.9-kbp consensus
cDNA was assembled and confirmed by RT-PCR. This se-
quence contains an ORF with the potential to encode proteins
of 510 or 548 amino acids depending on which of the two dif-
ferent start codons located at position 94 and 208, respectively,
is used (Fig. 1B). Molecular weight of these proteins is pre-
dicted to be 58.6 and 62.6 kDa, respectively.

Sequence homologies of PPP2R3L
By data base analysis the new cDNA was found to encode a

member of the regulatory subunit family of protein phospha-
tase PPP2 (2A). The highest DNA homology of 72% over 1,058
bp was found to a protein phosphatase 2A regulatory subunit
PR59 mRNA in Mus musculus (Acc. No. AF050165; Voor-
hoeve et al., 1999). Several human ESTs and the protein phos-
phatase PPP2R3 (72-kDa regulatory subunit) revealed the
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Fig. 1. Localization of the PPP2R3L gene in
the telomeric part of the PAR1. (A) The
PPP2R3L gene-containing cosmids are part of the
cosmid contig isolated by Rao et al. (1997). The
EcoRI restriction map of the cosmids containing
the cDNA is depicted (according to sequence
data). Some of the NotI (N) and BssHII (B) sites
are shown because of their relevance for the pri-
mary cDNA isolation (1.1-kbp EcoRI/NotI frag-
ment 6475/12), the isolation of the first exon (1.9-
kbp NotI/EcoRI fragment) and the localization of
the polymorphic probe DXYS219 (Ried et al.,
1995). Exon positions are marked by arrows. Ar-
rowheads indicate small sequencing gaps (!3
kbp). The EcoRI/BssHII fragment containing ex-
ons 7–9 is variable in length and is depicted in the
minimal length as sequenced. (B) cDNA subfrag-
ments isolated by cDNA library screening and
5)RACE. The exon portion of the 1.9-kbp NotI/
EcoRI fragment was used to complete the coding
region.

Fig. 2. Comparison of protein sequences of
mouse PR59, human PPP2R3L and PPP2R3.
Identical amino acids in all three proteins are
highlighted in red. Blue indicates identity of
PR59 and PPP2R3L and green indicates identity
of the two human proteins PPP2R3 and
PPP2R3L.
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Fig. 3. Expression of PPP2R3L cDNA. A
Northern blot of human adult tissues was hybrid-
ized with the PCR fragment ppe1for-JM1Buni
generated from the PPP2R3L cDNA. Strong ex-
pression was detected after 6 h exposure (–80 ° C)
in skeletal muscle and heart.

highest homology scores in humans (Acc. No. L12146; 66%
over 1,217 bp; Hendrix et al., 1993). PPP2R3L has a high simi-
larity to the human PPP2R3 72-kDa protein (77.7 % over 491
aa), higher than to the mouse PR59 protein (72.7% over 453
aa) although it exhibits the same level of identity (67%) (Fig. 2).
Therefore, the new cDNA was termed PPP2R3-like (or
PPP2R3L). Sequence comparison of PPP2R3 and PPP2R3L
genes revealed that the sequence homology upstream of the sec-
ond potential translation start codon at position 208 is very
weak without any homology on the amino acid level, suggesting
that this ATG/AUG represents the translation start point in
PPP2R3L (Fig. 1B).

Expression of PPP2R3L
The PPP2R3L cDNA was isolated from a fetal brain cDNA

library (one clone out of 5.5 × 105 pfu). Northern blot hybridi-
zation of a PCR-fragment (ppe1for-JM1Buni) of the cDNA
clone (see Fig. 1) revealed strong signals in skeletal muscle and
heart after 3–6 h of exposure (Fig. 3). Weaker signals were
detectable in all adult tissues investigated after longer expo-
sures of 1–3 days. To verify that the signals are not due to cross-
hybridization with other protein phosphatases, 13 different
cDNA libraries were analyzed by RT-PCR with PPP2R3L-spe-
cific primers. Expression was found in fetal brain, fetal liver,
skeletal muscle, ovary, kidney and chondrocytes. Amplification
products of brain stem, bone marrow fibroblasts, hypophyse
and fibroblasts were only detectable after hybridization (data
not shown).

X-Inactivation behavior of PPP2R3L
To test the X-inactivation behavior and transcriptional

activity of X and Y copies of PPP2R3L, expression was ana-
lyzed by RT-PCR (primers JM2rev and JM1Buni) using RNA

Fig. 4. Genomic organization of the PPP2R3L gene. The cDNA is composed of 13 exons. Due to
two sequencing gaps and a VNTR polymorphism, the size of intron 7 is not exactly known. Exon length
is given in bp, intron length in kbp.

isolated from somatic cell hybrid lines bearing either the
human Y chromosome or the active or the inactive X chromo-
some as templates. No amplification was found in somatic cell
hybrids probably due to the low expression of the PPP2R3L
gene within these cell lines (data not shown).

Therefore, the methylation pattern of the CpG rich region at
the 5)end of the PPP2R3L gene was examined by rare cutter
restriction analysis of male and female genomic DNA. Hybridi-
zation of the 1.9-kbp NotI/EcoRI fragment (Fig. 1) containing
the first exon of the PPP2R3L gene revealed no differences
between male and female DNA and all rare cutter enzymes
tested such as BssHII, EclXI, NotI, NarI, SacII and SmaI
cleaved the 10-kbp EcoRI fragment into smaller fragments
(data not shown). These findings indicate that PPP2R3L has an
unmethylated CpG island in male and female DNA and there-
fore represents a gene escaping X-inactivation.

Genomic organization and localization of PPP2R3L
The complete alignment between the cDNAs and the se-

quence of cosmids LLNOYC03)M)56G10, LLNLc110H032
and LLNLc110P1837 revealed the genomic structure of the
PPP2R3L gene. PPP2R3L consists of 13 exons each 49–327 bp
in length extending over a genomic region of at least 36 kbp
(Fig. 1 and 4). Intron 7 is highly polymorphic due to a 27-bp
VNTR that complicates correct alignment of shotgun sequenc-
ing fragments. The previously described 4.8-kbp polymorphic
marker DXYS219 (Ried et al., 1995), starting at the EcoRI-site
in exon 7 and ending at the BssHII-site in intron 9, includes the
27-bp VNTR of intron 7. Due to various VNTR polymor-
phisms, the cosmids exhibit slightly different restriction pat-
terns. PPP2R3L is transcribed (5) to 3)) from centromere to
telomere. Data from the available cosmid contig maps
PPP2R3L less than 50 kbp proximal to the PGPL (Gianfran-
cesco et al., 1998) and 300 kbp distal to the SHOX gene (Ellison
et al., 1997; Rao et al., 1997). Southern blot hybridization, fluo-
rescence in-situ-hybridization as well as the presence of the X/
Y specific marker DXYS219 unequivocally show that all cos-
mids are derived from the same genomic locus (data not
shown).

Analysis of genomic sequences
Sequence analysis of approximately 43 kbp of the cosmids

carrying the PPP2R3L gene were noteworthy. The GC level of
the analyzed region is 59.3% in total. Local GC values are up to
77% and the largest predicted CpG core region of 885 bp (nt
2568–3452) surrounds the first exon of the PPP2R3L gene (nt
2917–3249) which was shown by rare cutter restriction analysis
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Fig. 5. Localization of polymorphic sites in
the genomic region of PPP2R3L gene. SNPs are
depicted as vertical lines, hatched rectangles mark
VNTRs. Exons are depicted as black rectangles
and arrows indicate sequencing gaps (see Fig. 1).

to represent an unmethylated CpG island (see above). Identifi-
cation of repetitive elements by the Repeat Masker program
showed that 32.7% of the DNA in this region consists of repeti-
tive DNA such as ALU (16.5%) and LINE1 (13.2%) elements,
as well as elements of low complexity or simple repeats (2%).
The repeat content may even be underestimated due to three
(small) gaps near exon 7.

Significant differences were found in comparisons of three
different cosmids representing two different alleles of the
PPP2R3L gene, isolated from two libraries (LLNOYC03)M) or
LLNLc110). Approximately 20 kbp of overlapping sequences
contain ten different VNTRs ranging from 4 to 71 bp in length
which are responsible for the length polymorphisms seen by
comparative restriction mapping of cosmids. In addition, the
alignment of cosmid DNA revealed 108 SNPs (one single base
insertion/deletion or base exchange) in the non-VNTR DNA
and a further 66 SNPs within VNTRs (Fig. 5). Three further
SNPs located in the translated region were determined by data-
base analysis of ESTs. One SNP located at nt 1565 of the cDNA
sequence (exon 12) also leads to a protein variability by an ami-
no acid exchange of Ala→Val. Analysis of four variable nucleo-
tides located within the coding region in 32 Caucasian individ-
uals was subsequently carried out and verified all as SNPs.

Discussion

Protein phosphatases PPP2 are trimeric enzyme complexes
consisting of a constant catalytic subunit, a constant regulatory
subunit as well as a variable regulatory subunit. As one of the
regulatory subunits is variable, the functional relevance of
phosphatases is diverse. The isolation of a novel human regula-
tory subunit highly homologous to PPP2R3 demonstrates that
all regulatory subunits of PPP2 (PPP2R1–PPP2R5) isolated to
date have closely related family members within the human
genome (http://wwww.gene.ucl.ac.uk/nomenclature/; Mayer et
al., 1991; Hendrix et al., 1993; McCright and Virshup, 1995;
Tehrani et al., 1996; Tanabe et al., 1996). Sequence homology
on both the DNA and the protein levels is found within a regu-
latory subfamily but is not shared with other regulatory subunit
families. In contrast to PPP2R3 (Hendrix et al., 1993),
PPP2R3L seems not to be expressed in different splice variants
as cDNA analysis, Northern blot hybridization, 5)RACE and
sequencing of the genomic locus did not reveal any evidence of
additional transcripts.

Besides intraspecies homology, the highest sequence homol-
ogy of PPP2R3L was found in the murine protein phosphatase
2A regulatory subunit PR59 mRNA (Voorhoeve et al., 1999).
Despite the high homology of PPP2R3L to PR59 at the DNA
level, we hypothesize that PR59 is not the ortholog of
PPP2R3L. This is supported by the ubiquitous expression of

PR59 in mouse in contrast to the restricted predominant
expression of PPP2R3 (PR72; Hendrix et al., 1993) and
PPP2R3L in skeletal muscle and heart. FISH mapping of the
PR59 gene in mouse has also shown that PR59 is not localized
to the mouse X chromosome (unpublished results). These find-
ings are consistent with the observation that none of the human
pseudoautosomal genes examined to date have been shown to
reside on the mouse X chromosome (Blaschke and Rappold,
1997).

The functional relevance of PPP2R3L may be deduced
from two identical but partial cDNA sequences recently pub-
lished in the database (Acc. Nos. AF135016 and AF155098).
AF155098 was isolated by screening with autologous anti-
bodies in patients with renal-cell carcinoma (Scalan et al.,
1999). AF135016 (PR48) has been shown to form functional
holoenzyme complexes with the A and C subunits of PPP2
(Yan et al., 2000). The authors further demonstrate that PR48
specifically interacts with cdc6, an essential component of pre-
replicative complexes and that PR48 overexpression dysregu-
lates the cell cycle. PR48 cDNA starts at nt 382 in exon 2 of the
PPP2R3L cDNA. The deduced protein consequently is 95 ami-
no acids shorter than PPP2R3L protein. These two findings
together with the observation of an alteration of the PPP2R1B
gene in human cancer (Wang et al., 1998b) may argue for an
involvement of the PPP2R3L gene in carcinogenesis. Loupart
et al. (1995) have demonstrated that loss of heterozygosity for
markers located in the distal 500 kbp of the PAR1 are frequent-
ly found in patients with breast cancer. Recently, a locus predis-
posing for Hodgkin disease was shown to be linked to the
human pseudoautosomal region 1 (Horwitz and Wiernik,
1999). Therefore an analysis of PPP2R3L gene in different
types of tumors is warranted to determine the relevance in
human tumorigenesis.

Compared to the genome average, our finding of one
nucleotide exchange (SNP) in 120–180 bp of DNA in two cos-
mids of different origin revealed an elevated rate of sequence
diversity in the PPP2R3L gene region. Initial estimates of the
frequency of SNPs within the genome varied from “one in eve-
ry one hundred bp” (Jeffreys, 1979) to 1 in 1 kbp (Cooper et al.,
1985) based on RFLP analysis. Recent data of four different
genomic regions were gained from comparative sequencing and
are depicted on Table 1. Calculating the nucleotide diversity 
according to Nei and Li (1979) is a prerequisite to compare
these data. Nucleotide diversity is defined as the rate of vari-
able sites found comparing two randomly selected homologous
chromosomes. The value of all SNPs identified in a distinct
region is expected to be much higher, depending on the hetero-
zygosity of different alleles. Although only two alleles were
compared, the highest values for nucleotide diversity were
found in the pseudoautosomal PPP2R3L gene region on Xp/
Yp with a value of 0.0054 (1 SNP in 185 bp), followed by the
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Table 1. Nucleotide diversity in different regions of the human genome

lipoprotein lipase gene on chromosome 8p22 (LPL; Nickerson et
al., 1998) (Table 1). In contrast to the investigation of Halushka
et al. (1999) and Cargill et al. (1999), the LPL (Nickerson et al.,
1998) and the PPP2R3L regions are predominantly non-coding
(90% and 95%, respectively). It was estimated by Halushka et al.
(1999) that nucleotide diversity in coding and non-coding
regions are almost identical. The elevated rate of nucleotide
diversity in the LPL and PPP2R3L region, however, suggest that
differences may indeed exist. In addition, the low substitution
rate found in a 10-kbp non-coding region of Xq13.3 (Kaessmann
et al., 1999) and gene-to-gene differences observed by Halushka
et al. (1999) suggest that also regional effects may influence the
rate of nucleotide diversity. This was recently shown by the high
frequency of SNPs (1 in 65 bp) in a 450-bp sequence within
20 kbp of the PAR1 telomere (Baird et al., 1995). A potential
influence of chromosomal position on evolutionary sequence
diversity was previously discussed for the Fxy gene in mice. The
Fxy gene spans the pseudoautosomal boundary and exhibits an
estimated 170-fold higher diversity in the pseudoautosomal
compared to the X-linked part arguing for an accelerated diver-
gence in the PAR (Perry and Ashworth, 1999).

What is the cause of this high polymorphism rate within the
telomeric part of the human pseudoautosomal region? Three
major characteristics of the PAR1 may contribute to this vari-
ability. First, the available 43 kbp of genomic sequence in this
part of the PAR1 is GC-rich with a GC content of approximate-
ly 60%, normally only found in CpG islands. Due to the preva-
lence of CpG methylation and frequent deamination of 5-
methylcytosine, the transition C→T is a common mutation in
the human genome (Vogel, 1972) and an 8.5-fold increased
mutation rate of CpG nucleotides has been described (Cooper
et al., 1995). In the PPP2R3L gene region approximately half of
the SNPs (51 of 108) are C→T transitions in CpG dinucleo-
tides, compared to only 31% in the study of Halushka et al.
(1999). Second, a positive correlation of the local recombina-
tion rate and an elevated DNA variability was recently re-
ported for X-linked genes (Nachman et al., 1998) and regional
clustering of SNPs in a region regarded as a hot spot of recombi-
nation in the ß-globin locus (Harding et al., 1997). Strathern et
al. (1995) suggested that recombinational events per se are
mutagenic because of errors in double-stranded DNA repair.
Within the PAR1, a 20–60-fold elevated rate of recombination
is the result of an obligate crossover during male meiosis
(Rouyer et al., 1986; Henke et al., 1993, Lien et al., 2000). On
average, a 14-fold increased recombination rate was observed
for the distal 450-kbp region of the PAR1 by sperm typing

(Lien et al., 2000). Sperm typing of different individuals has
also demonstrated that there is individual variation in recom-
bination rate within the PAR1 (Lien et al., 2000). It is therefore
possible that the elevated rate of polymorphisms observed in
the PPP2R3L gene region may also be influenced by individual
variation and random choice of chromosomes.

A nearly complete linkage disequilibrium, which creates
only a few diverged haplotypes in the subtelomeric region
(Baird et al., 1995; Baird et al., 2000), is somewhat contradicto-
ry to the observed high recombination rate but may be due to a
suppression of recombination within the telomere repeats and
the 1-kbp telomere-adjacent DNA. However, apparent linkage
disequilibrium can arise not only by suppression of recombina-
tion but also by admixture, genetic drift and selection. To test
whether the strong linkage disequilibrium is restricted to the
subtelomeric region directly adjacent to the telomeric repeats
or whether it involves the PPP2RL region as well, the haplo-
types of individuals of different ethnic backgrounds will need
to be analyzed. Finally, the high prevalence of VNTRs within
the PAR1 in general and within the PPP2R3L gene region in
specific must be considered. Slippage and illegitimate allelic
recombination may lead to a variability in the length of tandem
repeats. Single nucleotide mutations, as a consequence of
recombination and C→T transitions, further augment the vari-
ability within these repeats.

In conclusion, we demonstrate the isolation of a novel gene,
PPP2R3L, in the human PAR1. By homology, PPP2R3L was
characterized as a novel member of the protein phosphatase
regulatory subunit family with a potential involvement in carci-
nogenic processes. Comparative sequencing of cosmids from
different libraries revealed a high rate of sequence variability in
the PPP2R3L gene region with 1 SNP every 115–185 bp (108–
174 SNPs in 20 kbp of genomic DNA). All tested SNPs occur-
ring in the coding region confirm the data found in cosmids.
Therefore, an increased rate of SNPs is not restricted to the
region directly adjacent to the telomere but also occurs in
regions more proximal to it.
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