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mor cells and is hence thought to be required for neo-
Distribution of the p53 pseudogene within the house plastic transformation (Vogelstein and Kinzler, 1992).

mouse species (genus Mus) was studied with polymer- The p53 functional gene is located on mouse chromo-
ase chain reaction for 37 individuals that were caught some 11, whereas a processed pseudogene found in the
at different localities. Pseudogene-specific fragments mouse genome has been assigned to chromosome 14 us-
were detected in some, but not all, individuals of Mus ing the analysis of a hybrid-cell panel (Zakut-Houri et
musculus subspecies regardless of locality and type of al., 1983; Czosnek et al., 1984). However, another map-
subspecies. In addition, 3 of 7 individuals belonging to ping study using recombinant inbred strains suggests
different Mus species carried the pseudogene in their that the pseudogene is located on chromosome 17 (Ait-
genomes. These results show the existence of an inter- man et al., 1991). We carried out a more detailed link-specific presence/absence polymorphism of the p53 age analysis using microsatellite probes (Dietrich et al.,pseudogene in mice. Sequence analysis of 11 amplified 1992) and determined that the pseudogene is located0.3-kb fragments suggested that the pseudogene origi-

about 30 centiMorgans from the centromere on chromo-nated in an ancestral mouse about 7 million years ago.
some 17 (Kominami et al., unpublished data).Thus alleles with and without the p53 pseudogene

In the course of the mapping study, we noted that ahave persisted through the mice speciation. The evolu-
laboratory strain originating from Japanese wild micetionary rate for the p53 functional gene was also esti-
did not carry this pseudogene in the genome. This sug-mated to be about 3.3 3 1029 per nucleotide site per
gests a unique distribution of the pseudogene withinyear.  1996 Academic Press, Inc.

the house mouse. Hence, we have examined wild mice
trapped in various localities and here show that the
pseudogene is present in some individuals of speciesINTRODUCTION
and subspecies of the mouse and is absent in other indi-
viduals. This suggests that a presence/absence poly-p53 is a cell cycle-dependent nuclear phosphoprotein
morphism of the p53 pseudogene exists in the genusand acts as a negative regulator of cell proliferation.
Mus. This unique distribution is discussed from theInactivation of this gene is frequently observed in tu-
evolutionary viewpoint of polymorphism, as well as the
origin and evolution of this pseudogene and its func-

The nucleotide sequence data reported in this paper will appear in tional counterpart.
the DDBJ/EMBL/GenBank nucleotide sequence databases with the
following accession numbers: D63399, p53MLEGF; D63400,
p53MLEGP; D63401, p53MMBAP; D63402, p53MMBRP; D63403,

MATERIALS AND METHODSp53MMCAP; D63404, p53MPLAF; D63405, p53MSPIP; D63406,
p53MSPRP.

1 Present address: Kagawa Medical School, Miki, Kagawa 761-07, Mice
Japan.

Wild mice examined in this study were trapped at2 Present address: Mammalian Genetics Laboratory, National In-
stitute of Genetics, Mishima 411, Japan. various localities in the world. Their taxonomy is de-

3 Present address: Graduate University for Advanced Studies, scribed in Table 1 according to studies of genetic poly-
Hayama 240-01, Japan. morphisms (Bonhomme and Guenet, 1989). Several4 To whom correspondence should be addressed at, First Depart-

Mus species and four main groups of Mus musculusment of Biochemistry, Niigata University School of Medicine, 1-757
Asahimachi-doori, Niigata 951, Japan. Fax: 181-25-223-0237. subspecies are distributed throughout the Old World.
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TABLE 1

List of Wild Mice and the Presence or Absence
of p53 Pseudogene

Locality Presence/absence
Origin of mouse (sample size) of p53 pseudogenea

Mus musculus
M. m. domesticus Canada (2) P, P

Spain (1) P
Bulgaria (1) P
France (3) P, P, P

M. m. castaneus Malaysia (1) P
Indonesia (2) P, P
Taiwan (2) P, A
Philippines (2) P, P

M. m. bactrianus Pakistan (2) P, A
Iran (2) A, A
Afghan (1) P

M. m. musculus Poland (1) A
Bulgaria (2) P, A
Denmark (2) A, A

M. m. molossinusb Japan (6) P, A, A, A, A, A
FIG. 1. A schematic phylogeny of the house mouse species andOther Mus species

subspecies (after Bohnomme and Guenet, 1989). M. spretoides is alsoM. spretus Spain (1) A
called M. macedonicus.M. spicilegus Bulgaria (1) P

M. spretoidesc Bulgaria (1) P
M. caroli Thailand (2) A, A Analysis of PCR Products
M. leggada Sri Lanka (1) P

Five-microliter aliquots of product were separated onM. platythrix India (1) A
4% NuSieve agarose gel electrophoresis. The gel was

a P indicates the presence of p53 pseudogene and A indicates its stained in 0.5 µg/ml ethidium bromide and photo-
absence. graphed.b Mice having gene exchange between M. m. castaneus and M. m.
musculus in Japan. Sequence Analysis

c It is also called M. macedonicus.
PCR products were isolated from NuSieve agarose

gels by centrifugation with Ultrafree (Millipore). Ap-
A schematic phylogeny of the wild mice is illustrated proximately 100 ng of gel-purified PCR product was
in Fig. 1, after Bonhomme and Guenet (1989). Since used as a template for sequence analysis by the chain
Mus musculus molossinus living in Japan is regarded termination method (Sanger et al., 1977). For this we
as hybrid between Mus musculus musculus and Mus used the Sequenase kit (United States Biochemical
musculus castaneus, that subspecies is omitted from Corp.). The reaction products were separated on 6%
Fig. 1. polyacrylamide gels.

Phylogenetic Analysis
PCR Primers and Conditions Phylogenetic trees were constructed by using the

neighbor-joining method (Saitou and Nei, 1987), theThe oligonucleotide primers used for amplification of
the p53 pseudogene were F1: 5′-ATGAACCGCCGACC maximum parsimony method (Fitch, 1977), and

the maximum likelihood method (Felsenstein, 1981).TATCCTT and R1: 5′-CTTGAGGGTGAAATACTCT
CC, and F2: 5′-TACTCTCCTCCCCTCAATAAGCT and Those three methods have been shown to reconstruct

true phylogenetic relationships with high probabilitiesR2: 5′-CAGAAGGTTCCCACTGGAGTCTTC for exons
7–9 and exons 5–7, respectively. Amplification of DNA when closely related sequences are compared (Saitou

and Imanishi, 1989; Kuhner and Felsenstein, 1994).by the polymerase chain reaction (PCR) method was
carried out in 20 µl containing 20 ng of high-molecular- Computer programs NJBOOT2 (kindly provided by Dr.

K. Tamura), PAUP 3.1.1 (University of Illinois Naturalweight genomic DNA, 0.1 µg of each primer, 10 mM
Tris–HCl, pH 8.3, 50 mM potassium chloride, 1.5 mM History Survey), and DNAML in PHYLIP 3.5

(Felsenstein, 1993) were used for assisting the neigh-magnesium chloride, 0.01% gelatin, and 0.5 units of
AmpliTaq polymerase (Takara Inc., Japan) and over- bor-joining, the maximum parsimony, and the maxi-

mum likelihood analyses, respectively. Numbers of nu-layered with 20 µl of mineral oil (Saiki et al., 1988).
Thermal cycling was carried out as follows: denaturing cleotide substitutions between sequences used in the

neighbor-joining analysis were estimated by using Ki-at 95°C for 1 min, annealing at 55°C for 1.5 min, poly-
merization at 72°C for 1.5 min, for 30–35 cycles. mura’s (1980) method. Branch length estimation of a



550 OHTSUKA ET AL.

FIG. 2. Schematic illustration of the p53 pseudogene and the functional gene. The p53 pseudogene does not contain introns. Exons and
introns of the functional gene are shown by E’s and I’s, respectively. Arrows indicate the positions of the forward and reverse primers used. F1
and R1 primers are located on exons 7 and 9, respectively,whereas both F2 and R2primers arecomposed of sequences oftwo exons as illustrated.

neighbor-joining tree was obtained by using the pseudogene from the F1 and R1 probe failed to give
the pseudogene fragment of 418 bp.method described in Ishida et al. (1995).

Seven individuals of M. musculus domesticus con-
tained a whole or part of the pseudogene sequence in

RESULTS the genomes, suggesting that the mice belonging to this
subspecies carry the p53 pseudogene. Among Asian

p53 Pseudogene Presence/Absence Polymorphism subspecies, however, there was variation: 6 castaneus,
2 bactrianus, 1 musculus, and 1 molossinus carried theThirty-seven wild mice caught at different localities
pseudogene, whereas the other 13 individuals of casta-were used to examine whether or not they carry the p53
neus, bactrianus, musculus, and molossinus did notpseudogene in the genomes. PCR was carried out using
(Table 1). Interestingly, individuals of M. spicilegus, M.a primer pair complementary to both of the gene and
spretoides, and M. leggada belonging to other Mus spe-pseudogene sequences (Zakut-Houri et al., 1983; Bienz
cies had the pseudogene, but M. spretus, M. caroli, andet al., 1984). The primers F1 and R1 were located on
M. platythrix did not. These results clearly show theexons 7 and 9, respectively (Fig. 2). The electrophoresis
presence/absence polymorphism of the p53 pseudogeneof PCR products gave one or two DNA fragments (Fig.
within species of the genus Mus.3A). A larger 660-bp fragment was present in all the

mice except for Mus caroli, which had a fragment of
Phylogenetic Analysislonger size. This large fragment was derived from the

p53 functional gene because it contained introns 7 and To know if the pseudogenes have the same evolution-
ary origin, we determined the sequence spanning the8 (data not shown). The smaller 260-bp fragment was

derived from the processed pseudogene that lacked the exons 5 to 7 of five subspecies and three different spe-
cies of mice. Figure 4 shows the multiple alignment ofintron sequences. This difference between these two

sizes of fragments was determined by sequence analy- the 10 sequences thus determined as well as 3 p53
cDNA sequences retrieved from the DDBJ/EMBL/Gen-sis (data not shown).

Some of the wild mice failed to give the 260-bp frag- Bank international nucleotide sequence database. Ta-
ble 2 shows the evolutionary distances among those se-ment, suggesting that these animals do not contain the

pseudogene. Table 1 summarizes the results for the 37 quences. Two individuals were examined for the case
of M. musculus bactrianus pseudogene, but those werewild mice and their localities. All seven individuals of

M. musculus domesticus carried the pseudogene, but identical. The two M. musculus bactrianus pseudogene
sequences turned out to be identical with that of M.mice belonging to the other subspecies showed varia-

tion. To confirm this, PCR amplification using another musculus castaneus. M. musculus brevirostris pseu-
dogene and M. musculus domestics pseudogene wereprimer set, F2 and R2, was done. The primers span two

exons (Fig. 2). The 5′ half of the forward primer (F2) is identical with each other, so was Mus spicilegus and
Mus spretoides pseudogenes (see also Fig. 5). Thoseon the 3′ part of exon 4 and the 3′ half is on the 5′ part

of exon 5; and the 5′ half of the reverse (R2) is on the identical sequences were represented by one of those in
the phylogenetic analysis. All the gaps in Fig. 4 were3′ part of exon 7 and the 3′ half is on the 5′ part of exon

8. Since these primer sequences were not able to form not used in the phylogenetic analysis, and a total of 323
nucleotide sites were compared.stable duplexes with the p53 functional gene sequence,

they gave only a 418-bp fragment that was derived Figure 5 is a neighbor-joining tree for all 14 se-
quences based on the evolutionary distances of Tablefrom the pseudogene sequence. As shown in Fig. 3B,

the obtained result was consistent with that using the 2. All the pseudogene sequences (designated by ψ) con-
stitute a clear monophyletic cluster at branch C (theF1 and R1 primers; all wild mice thought to lack the
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FIG. 3. Detection of the p53 pseudogene in mouse DNAs. (A) PCR was carried out using the F1 and R1 primers for 18 wild mice. The
products were electrophoresed in 4% NuSieve agarose gel and stained with ethidium bromide. Wild mice used are listed in Table 1. Numbers
indicate different individuals belonging to the same subspecies. Details of these wild mice are described in Bonhomme and Guenet (1989).
(B) PCR analysis was carried out as described in A except for using the F2 and R2 primers.

bootstrap probability was 97%), while the phylogenetic cDNA must also cluster. However, none of the eight
maximum parsimonious trees showed this topologyrelationship among the functional genes is not clear be-

cause of low bootstrap probabilities at branches F, G, (Table 3). Therefore, we examined topologies under
these constraints, and found the three submaximumand H. In any case, it is apparent that the p53 pseu-

dogene has been evolving with a much higher rate than parsimonious trees in which 113 nucleotide substitu-
tions were required (Fig. 6).the functional gene. It should also be noted that the

phylogenetic pattern in the pseudogene cluster is com- We also used the maximum likelihood method. User
tree option of DNAML was applied to examine the eightpatible with that of Fig. 1.

We found eight equally maximum parsimonious maximum parsimonious trees and the three submaxi-
mum parsimonious trees. The result is presented in Ta-trees, and all the trees required 112 nucleotide substi-

tutions (see Table 3). Tree 6 has the identical topology ble 3. Tree 4 showed the highest log-likelihood value
among the 11 topologies examined. The three submaxi-with that of the neighbor-joining tree (Fig. 5). We also

examined nine sequences by excluding Homo sapiens mum parsimonious trees of Fig. 6 showed somewhat
lower log-likelihood values, though none of the 10 sub-cDNA, but obtained the same eight trees. Table 4 shows

the result of bootstrapping. Partitions A–D and F–H best trees were significantly worse than the best tree
with the highest likelihood. Branch lengths of the treescorrespond to interior branches of the neighbor-joining

tree in Fig. 5. As in the case of Fig. 5, partitions A–D in Fig. 6 are based on the maximum likelihood esti-
mates.showed high bootstrap probabilities, while partitions

E–H showed low probabilities. Partitions A–G are mu- All three trees of Fig. 6 suggest that the M. platythrix
lineage diverged first followed by the M. leggada lin-tually compatible with each other, while partition H is

incompatible with partition E. eage. This branching pattern was also obtained in the
neighbor-joining tree (see Fig. 5), though the bootstrapAfter the p53 processed pseudogene was created,

both the pseudogene and the functional gene lineages probabilities were not high. If we accept this divergence
pattern, there are two possibilities for the emergencemust have diverged following the speciation events.

Thus M. leggada and M. musculus functional genes of the p53 pseudogene. If the pseudogene was created
before the divergence of the platythrix lineage, thenshould be monophyletic, for their pseudogene counter-

parts were clearly monophyletic. It should be noted tree 11 of Fig. 6 is compatible with this hypothesis. If
the pseudogene was created after the divergence of thethat Mus musculus domesticus functional gene and its
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FIG. 4. Alignments of nucleotide sequences of three functional genes and seven pseudogenes from five rodent species as well as three
cDNA sequences retrieved from the DDBJ/EMBL/GenBank database. Gaps are denoted by dashes. The nucleotide position 1 corresponds
to the 390th from the initiation codon site (Bienz et al., 1984). Full species names of abbreviated forms are as follows: M.m.do., Mus musculus
domesticus; M.m.br., Mus musculus brevirostris; M.m.ca., Mus musculus castaneus; M.m.ba, Mus musculus bactrianus; M.spi., Mus spici-
legus; M.spr., Mus spretoides; M.leg., Mus leggada; M.pla., Mus platythrix; M.-cDNA, Mus musculus cDNA (accession number K01700),
R.-cDNA, Rattus norvegicus cDNA (accession number 5 X13058); and H.-cDNA, Homo sapiens cDNA (accession number K03199). Designa-
tions ‘‘f ’’ and ‘‘p’’ after a dash mean functional genes and pseudogenes, respectively.

M. platythrix lineage, tree 10 of Fig. 6 is compatible. In gene, and that of node Q, the divergence time of the M.
platythrix lineage from the remaining Mus lineages, inthis case, the emergence of the pseudogene must oc-

curred before the divergence of the M. leggada lineage. trees 10 and 11 of Fig. 6. The estimation method of
Ishida et al. (1995) was used in the following analysis.In either case, tree 9 of Fig. 6 is incompatible with any

hypothesis. We will therefore consider only trees 10 If we consider only the functional gene lineages, the
average number of nucleotide substitutions betweenand 11 in the following.

Because a rough constancy of evolutionary rate node Q and the present time becomes 5.5 and 6.1 for
trees 10 and 11, respectively. The corresponding num-seems to hold within the pseudogenes and within the

functional genes, we estimated the time of node P, the bers for the divergence point of Mus and Rattus lin-
eages are 16.3 and 16.6 for trees 10 and 11, respec-divergence time of the pseudogene and the functional
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TABLE 2

Estimated Number of Nucleotide Substitutions per Site between Every Pair of 14 Sequences (see Fig. 4); Gaps
Were Eliminated from the Comparison, and a Total of 323 Nucleotide Sites Were Compared (Kimura’s (1980)
Two-Parameter Method Was Used)

1 2 3 4 5 6 7 8 9 10 11 12 13

2 0.052
3 0.052 0.0
4 0.055 0.003 0.003
5 0.055 0.003 0.003 0.0
6 0.055 0.003 0.003 0.0 0.0
7 0.048 0.022 0.022 0.025 0.025 0.025
8 0.048 0.022 0.022 0.025 0.025 0.025 0.0
9 0.058 0.065 0.065 0.069 0.069 0.069 0.055 0.055

10 0.192 0.218 0.218 0.223 0.223 0.223 0.205 0.205 0.231
11 0.009 0.042 0.042 0.045 0.045 0.045 0.038 0.038 0.055 0.180
12 0.093 0.122 0.122 0.126 0.126 0.126 0.119 0.119 0.137 0.186 0.082
13 0.013 0.058 0.058 0.062 0.062 0.062 0.055 0.055 0.065 0.180 0.016 0.079
14 0.028 0.069 0.069 0.072 0.072 0.072 0.065 0.065 0.075 0.183 0.032 0.093 0.029

Note. Sequence IDs are; 1, M. m. domesticus functional gene; 2, M. m. domesticus pseudogene; 3, M. m. brevirostris pseudogene; 4, M. m.
castaneus pseudogene; 5, M. m. bactrianus pseudogene A; 6, M. m. bactrianus pseudogene B; 7, M. spicilegus pseudogene; 8, M. spretoides
pseudogene; 9, M. leggada pseudogene; 10, Homo sapiens cDNA; 11, M. m. cDNA; 12, Rattus norvegicus cDNA; 13, M. leggada functional
gene; 14, M. platythrix functional gene.

tively. Thus, the relative divergence time for node Q is Because 323 nucleotides were compared in the phylo-
genetic analysis, 16.3/323 and 16.6/323 correspond to0.34 (55.5/16.3) and 0.37 (56.1/16.6) for trees 10 and

11, respectively, when that for Mus and Rattus is 1.0. d/2 in the equation d 5 2λt, where d is the pairwise
evolutionary distance, λ is the evolutionary rate, and tSince the divergence time of Mus and Rattus was esti-

mated to be about 1.5 3 107 years (Li and Tanimura, is the divergence time. The rate (λ ; d/2t) of nucleotide
substitution for the p53 functional gene is thus esti-1987), the divergence times for node Q become 5.1 3

106 and 5.6 3 106 years for trees 10 and 11, respectively. mated to be 3.3 3 1029 per nucleotide site per year, us-

FIG. 5. A neighbor-joining tree of the p53 functional genes, pseudogenes, and cDNA. Numbers on interior branches are bootstrap probabil-
ities (%) based on 1000 bootstrap resampling. The tree was rooted by assuming that Homo sapiens cDNA sequence was the outgroup. The
bottom scale is the number of nucleotide substitutions that occurred in the region of 323 compared nucleotides.



554 OHTSUKA ET AL.

TABLE 3

Results of the Maximum Parsimony and Maximum
Likelihood Analyses

Tree IDa Tree topology b RNMc Diff. Ln Ld

1 (((((((2,3),4),5),9),6),1),8,(7,10)) 112 24.07
2 ((((8,9),1),6),(((2,3),4),5),(7,10)) 112 20.29
3 (1,6,(((((2,3),4),5),9),((7,10),8))) 112 24.09
4 (((((((2,3),4),5),6),1),9),8,(7,10)) 112 Best
5 ((((((2,3),4),5),(6,1)),9),8,(7,10)) 112 25.39
6 (((((((2,3),4),5),6),1),8),9,(7,10)) 112 22.55
7 (((((2,3),4),5),(6,(1,8))),9,(7,10)) 112 24.31
8 (((((2,3),4),5),6),((1,8),9),(7,10)) 112 26.10
9 (((1,6),8),((((2,3),4),5),9),(7,10)) 113 29.02

10 ((((1,6),8),(((2,3),4),5)),9,(7,10)) 113 28.80
11 ((((1,6),8),9),(((2,3),4),5),(7,10)) 113 28.99

a Trees 9–11 are submaximum parsimonious trees 9–11 of Fig. 6,
respectively.

b Sequence IDs are as follows: 1, M. m. domesticus functional gene;
2, M. m. domesticus pseudogene; 3, M. m. castaneus pseudogene; 4,
M. spicilegus pseudogene; 5, M. leggada pseudogene; 6, M. m. cDNA;
7, Rattus norvegicus cDNA; 8, M. leggada functional gene; 9, M.
platythrix functional gene; and 10, Homo sapiens cDNA.

c Required number of mutations when the maximum parsimony
method was applied.

d Differences of log-likelihood values from that of the best tree (tree
4; its log-likelihood was 21016.75).

ing the average distance value (0.10 5 [16.3 1 16.6]/
323) of trees 10 and 11 and 1.5 3 107 years as t between
Mus and Rattus. If we use this rate, the divergence
times for node P of trees 10 and 11 become 2.8 3 106

and 6.7 3 106 years, respectively.
When the pseudogene lineages are considered, the FIG. 6. Three submaximum parsimonious trees found by using

the ‘‘constraint’’ option of PAUP 3.1.1. The constraint used was:average number of nucleotide substitutions between
((M.m.d. pseudogene, M.m.c. pseudogene, M. spicilegus pseudogene,the node P and the present time becomes 15.9 and 15.6
M. leggada pseudogene), ((M.m. cDNA, M.m.d. functional gene), M.for node P of trees 10 and 11, respectively. We applied
leggada functional gene), M. platythrix functional gene, Rattusthese d values and the divergence times for P estimated cDNA, Homo cDNA). All three trees required 113 nucleotide substitu-
tions. Homo sapiens p53 cDNA was assumed to be the outgroup.
Numbers on branches are branch length estimates (number of nucle-
otide substitutions). Those estimates were obtained by rounding theTABLE 4
maximum likelihood estimates (per nucleotide site) multiplied by the
number of compared nucleotides (323). Node P of trees 10 and 11Bootstrap Probabilities for Eight Partitions When
denotes the divergence point of the pseudogene and functional gene,the Maximum Parsimony Method Was Used
while node Q denotes the divergence point of the Mus platythrix lin-
eage from the remaining Mus lineages.Sequence IDa Probability

Partitiona 1 2 3 4 5 6 7 8 9 10 (%)

A # @ @ # # # # # # # 98.9
above by using the evolutionary rate for functionalB # # # # # # @ # # @ 96.8

C # @ @ @ @ # # # # # 94.8 genes, and the rate of nucleotide substitution of p53
D # @ @ @ # # # # # # 92.1 pseudogenes is estimated to be 17.6 3 1029 and 7.2 3
E # # # # # # @ @ # @ 41.7 1029 for the case of trees 10 and 11, respectively. The
F # # # # # # @ @ @ @ 32.6

rate of synonymous substitution for rodent genes (com-G # @ @ @ @ @ # # # # 27.0
parison between mice and rats) was estimated to be 7.9H # # # # # # @ # @ @ 21.5
3 1029 per nucleotide site per year (Li and Tanimura,

This result is based on the 1000 bootstrap resampling using PAUP 1987). The estimated rate (7.2 3 1029) of pseudogene
3.1.1. nucleotide substitution for tree 11 is closer to this valuea These partitions correspond to interior branches A–H of Fig. 5,

than that for tree 10. Therefore, tree 11 seems to beexcept for partition E.
b Sequence IDs are the same as those of Table 3. more plausible than tree 10, and the p53 pseudogene
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is estimated to have emerged about 7 million years ago from one species to another. This phenomenon, the so-
called trans-species polymorphism, has been reported(node P of tree 11). If we compare the relative evolution-

ary rate of the p53 functional gene to that of the p53 for the major histocompatibility complex (MHC) genes
in mice (McConnell et al., 1988; Sagai et al., 1989).pseudogene after node P of tree 11, it becomes 0.39

(56.1/15.6). This is not much different from the ratio However, the evolutionary mechanism responsible for
the p53 trans-species polymorphism is probably differ-(0.46 5 3.3/7.2) between the two estimates of absolute

evolutionary rates. ent from that for the MHC genes. Pseudogenes are con-
sidered to undergo neutral evolution (Kimura, 1983),
while MHC genes are known to be under some kind ofDISCUSSION
natural selection such as overdominant selection
(Hughes and Nei, 1987).We analyzed the sequences and the distribution of a

p53 pseudogene in various species of the genus Mus. It If there is no selective force, why could the p53 pseu-
dogene persist for a long time? We suggested that treeis demonstrated that the pseudogene is present in some

individuals of mouse species and subspecies and absent 11 of Fig. 6 is the most likely phylogenetic tree for the
Mus p53 functional genes and pseudogenes, and thein others, indicating variation within populations of the

house mouse species. The findings, together with se- p53 pseudogene probably emerged about 7 million
years ago. On the other hand, the coalescence time forquence analysis, suggest the following phylogenetic in-

terpretation of the presence/absence polymorphism of a pair of neutrally evolving genes is 2N generations for
diploid genes, where N is the long-term effective popu-the p53 pseudogene. A reverse transcription of the p53

gene took place only once and the complementary DNA lation size (Nei, 1987). Effective population size of doz-
ens of rodent species was estimated to be in the rangewas integrated into a site on chromosome 17 in an an-

cestral mouse, probably slightly before the speciation of 0 to 7 3 105 (Nei and Graur, 1984). If we assume N
of an ancestral Mus species to be about 5 3 105 individ-of the M. platythrix from the remaining Mus lineages

(see tree 11 of Fig. 6). uals and the generation time to be about 1 year, the
expected coalescence time for a pair of gene copies inThe allele having the pseudogene subsequently

spread and probably was fixed in the ancestral mouse that species group becomes 1 million years. Therefore,
if a timespan of two successive speciation events withinpopulation. If this is the case, the pseudogene some-

times disappeared during speciation and this disap- the genus Mus was less than 1 million years, it is possi-
ble that a polymorphism on any neutrally evolving genepearance must have occurred several times, since there

are many mice that do not carry the pseudogene in is shared in different Mus species. The p53 pseudogene
may be an example of this.their genomes.

If we could compare sequences flanking to the pseu-
dogene and sequences of corresponding regions in the ACKNOWLEDGMENTS
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