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ABSTRACT The mouse pink-eyed unstable (p"a) mutation,
affecting coat color, exhibits one of the highest reported rever-
sion frequencies of any mammalian mutation and is associated
with a duplication ofgenomic DNA at thep locus. In this study,
genomic clones containing the boundaries of thep" dupliation
were isolated and characterized. The stru of these se-
quences and their wild-type and revertant counterparts were
analyzed by restriction mapping, PCR product analysis, DNA
sequence analysis, and pulsed-field gel electrophoresis. DNA
from p"" was distnguhed from wild-type and revertant DNA
by a head-to-tail tandem duplication of w7O kilobases. No
differences were detected between revertant and wild-type
DNAs. Thus, the reversion in phenotype of pr" mice is coupled
with the loss ofone copy ofan -70-kilobase duplicated segment.
Testable models are presented to account for pa" reversion.

The pink-eyed unstable mutation, pun (1), arose spontane-
ously in the inbred strain C57BL/6J and is one of at least 13
mutant (recessive) alleles of the pink-eyed dilution locus, p,
on mouse chromosome 7. The phenotypes of homozygous
mutants ofp range from a minor reduction in coat color to a
dramatic reduction of both coat and eye color. The gene
responsible for the pigmentation phenotype has been identi-
fied and cloned (2). However, in addition to pigmentation,
several mutant p alleles are associated with other pheno-
types, including neurological disorders (p6H, p25H, pbs, pep),
cleft palate (pcP), male sterility (p6H, p2SH, pbs), prenatal
lethality (p81H, p82H, p87H), and genetic instability (pun) (3-6).
The genetic instability of the pun mutation is manifest as one
ofthe highest spontaneous reversion frequencies reported for
a mammalian mutation. At least 1.8% of the offspring of
pun/pun mice are mosaic revertants-i.e., light colored with
black streaks or patches (7). Reversion in pun/pun mice is
primarily detected as a somatic event but can occur in germ
cells or their precursors and be transmitted through the germ
line. Revertant lines are indistinguishable from C57BL/6J
wild-type mice and the revertant phenotype is stable over
many generations (8).

In a previous study, we used the genome scanning method
to identify a duplication in pun DNA (8). When used as a
hybridization probe, a clone from inside the duplication,
28RN, revealed a pun-specific 15-kilobase (kb) Sst I fragment
(a putative boundary of the pun duplication). In the present
study, data are presented demonstrating that the pun duplica-
tion is a tandem head-to-tail duplication of ""70 kb and testable
models are presented to account for genetic reversion.§

MATERIALS AND METHODS
Mice, Genomic DNA Isolation. All mice used in this study

were obtained from or produced at The Jackson Laboratory

or The Institute for Cancer Research, Fox Chase Cancer
Center (Philadelphia). Revertant alleles pUfn+ J, pun+2J,
pun+3J, pun+5J, and pun+6J were derived from independent
revertant mice as described (8). All p alleles used in this
study, except for the p6H allele, are coisogenic on the inbred
strain C57BL6/JEi. Thep6Hallele was originally generated in
the course of x-ray mutagenesis experiments at the MRC
Radiobiology Unit, Harwell (9). Genomic DNAs for standard
Southern analysis were isolated as reported (8).
A Library Construction, Restriction Mapping, Subcloning.

The clone AU500 was isolated from a size-selected genomic
library generated by ligating =15-kb Sst I-digested genomic
pun/pun fragments (purified on a sucrose gradient) into Sst
I-digested Lambda DASH (Stratagene). The hybridization
probe used to select AU500 was the 28RN fragment (8).
An 850-base-pair (bp) HindIII/Sst I fragment (HS frag-

ment) was isolated from the AU500 clone and subcloned into
a pUC9 plasmid vector, pHS. The HS fragment was used as
a hybridization probe to select three other A clones (each
representing different genomic regions in pun DNA)- AU300,
AU510, and AU700. These phage were isolated from a second
library generated by ligating Sau3A partially digested ge-
nomic DNA from a pun/pun mouse into BamHI-digested
Lambda DASH (Stratagene). Other phage were selected
from this same library by chromosomal walking, including
AU480, containing sequences entirely within the pun dupli-
cation. Plaque lifts were as published (10).
A 1.4-kb EcoRI fragment, 700R, was isolated from a region

of AU700 that was outside the pun DNA duplication and was
subcloned into a pUC13 plasmid vector, p700R. A 1.7-kb
EcoRI/HindIII fragment, 300L, was isolated from a region of
AU300 that was outside the pun DNA duplication (purified
from subclone p21Eb, a pUC13-based plasmid containing a
4.8-kb EcoRI fragment). A 1.8-kb BamHI/Xba I fragment,
BX1.8, originating from AU480 was used as a hybridization
probe in some experiments. Under the hybridization and
washing conditions used, fragments HS, BX1.8, 700R, and
300L behaved as unique sequence DNA.
Gel Electrophoresis, Probe Preparation, Southern Hybrid-

ization. Standard agarose gel electrophoresis, Southern blot-
ting to GeneScreenPlus membranes (DuPont/NEN) or to
Hybond-N+ (Amersham), and hybridization were as de-
scribed (8). Probes were generated by using the Multiprime
kit (Amersham) or the Prime-It kit (Stratagene) to a specific
activity of 1-3 x 109 cpm/,ug.

Pulsed-Field Gel Electrophoresis (PFGE). DNA from mouse
spleen cells was prepared and digested in agarose plugs (11).

Abbreviation: PFGE, pulsed-field gel electrophoresis.
*Present address: Department ofDNA Biology, School of Medicine,
Tokai University, Bohseidai, Isehara, Kanagawa 259-11, Japan.

tPresent address: The Jackson Laboratory, Bar Harbor, ME 04609.
*To whom reprint requests should be addressed.
§The sequences reported in this paper have been deposited in the
GenBank data base (accession nos. L07479, L07480, and L07481).
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Table 1. Oligonucleotide primers used

Primer Sequence Origin* Location/orientationt
MHB7 5'-CTTATGAAGCAAGAATCAAC-3' AU300, AU510 +188 - +169, Opp.
MHB8 5'-TTTTGATAGTCTGAAAGAGC-3' AU700, AU500, AU510 -215 -1%, Same
MHB9 5'-AGGATTCTGCTATCAGCCTT-3' AU300 -256 -237, Same
MHB10 5'-AAGTCCAATTAGGACAGATT-3' AU700 +373 +354, Opp.
MHB13f 5'-CACTATGCCTGCTTGGATGCTGC-3' AU300 -203 - -179, Same
MHB19- 5'-CCAGCCAAACTGCCATTC-3' AU700 +148 +131, Opp.
*Determined from partial sequence of the indicated A clones or their derivatives.
tNumbering relative to the boundary TGG trinucleotide, where T is +1. Same, same strand; Opp., opposite strand.
WUsed as sequencing primer only.

Electrophoresis was performed with a model 2604 Waltzer II
rotating stage apparatus (Tribotics, Oxford, U.K.) in 1%
agarose gels [1:1 composites of GTG and Fast Lane agarose
(FMC)] in 20 mM Tris acetate/1 mM EDTA at 16°C, using a
45-sec switch time. Molecular weight estimations were based
on a A phage DNA oligomer ladder and Saccharomyces
cerevisiae chromosomal DNA (Bio-Rad).
PCR, Oligonucleotide Primers, Cloning of PCR Products,

and Sequence Determination. DNA from wild-type, pul/pul,
and revertants pUll+ IJ/pun+ IJ, pun+2J/pun+2J, and pull+3J/ pun1+3J
was amplified from genomic DNA using a programmable
thermal controller (MJ Research, Watertown, MA): 94°C for
2 min; 94°C for 1 min; 52°C for 30 sec; 72°C for 1 min 30 sec;
repeat steps 2-4 39 times; 72"C for 5 min; hold at 15°C (end).
The following primer pairs (obtained from TheDNA Synthesis
Facility, Fox Chase Cancer Center) were used: MHB9 and
MHB7, MHB8 and MHB7, and MHB8 and MHB10. Table 1
summarizes the primer sequences, origin, location, and ori-
entation relative to the pun duplication junction.
The PCRs were carried out in 50 ,ul, under conditions

recommended by the supplier (Perkin-Elmer/Cetus kit),
with the following modifications: 30 ul (500 ng) of genomic
DNA, 2.5 Al of each primer pair (at 20 pM, except MHB9 ,t
5 ,M), 0.5 ,l of Perfect Match (Stratagene), 0.5 ,ul of 100 mM
MgCl2. Aliquots of the PCRs were resolved in an agarose gel
composed of 1% agarose (BRL)/1% NuSieve agarose (FMC)
and blotted for Southern analysis (8). Other aliquots were
used to obtain gel-purified (12)- PCR products using DE81
paper (Whatman) for subcloning into plasmids via the TA
Cloning kit (Invitrogen). The sequence of the cloned PCR
product DNA was determined for two or three independent
clones each from wild-type, pun/pull, and revertants pun+IJ/
pun+ IJ, put+2J/pun+2J, and pun+3J/pun+3J. The sequencing
primers used were MHB8, MHB7, MHB13, and MHB19
(Table 1), and 17-mer pUC/M13 primers (Promega). Se-
quencing was performed by the dideoxynucleotide chain-
termination method (13), as modified by the Sequenase kit
(United States Biochemical).

RESULTS
Cloning the pun Duplication Boundaries. To examine the

molecular structure of the pun duplication, we isolated a 15-kb
pun-specific Sst I fragment in A phage (AU500) previously
shown to contain a boundary of the pull duplication (8). In the
previous study, the 15-kb pu-specific Sst I fragment was
shown to contain sequences in common with a 25-kb Sst I
fragment found in wild-type, pUll, and revertant mice. Com-
parative restriction analysis of these two fragments narrowed
the putative boundary of the pUn duplication to within an
850-bp HindIII/Sst I (HS) fragment of AU500. A restriction
map ofthe 15-kb AU500 clone (showing the positions of28RN,
the original probe sequence, and the HS fragment) and its
relationship to the 25-kb Sst I fragment is presented in Fig. 1.
The HS and 28RN fragments were used in parallel as

hybridization probes to Sst I-digested genomic DNAs from
wild-type, pun, and revertant mice (Fig. 1). Predictably, the
HS probe hybridized to its 15-kb Sst I fragment of origin in

pun DNA. The HS probe also hybridized to the same 25-kb
Sst I fragment originally recognized by the 28RN probe in
wild-type, p"ul, and revertant DNA, indicating that the HS
fragment still contains a significant portion of sequences
common to both the 15- and 25-kb Sst I fragments. In
addition, the HS fragment hybridized to a 1.8-kb Sst I
fragment in all three genotypes.
Because the 15-kb Sst I fragment (containing the HS

fragment) shares sequences with both the 25- and 1.8-kb Sst
I fragments, it defines a uniquejunction of the p"ul duplication
(an apparent internal boundary of the dplication). The
nonunique (apparent external) boundaries o the duplication
are thus defined by the 25- and 1.8-kb Sst I fragments that are
invariant in all three genotypes. To determine exactly how
these fragments relate to the structure of the pun duplication,
we set out to clone and characterize sequences relwated to
each of them.

Structure of the pun Duplication Boundaries. We screened a
total genomic library (prepared from Sau3A partially digested
pull DNA; see Materials and Methods) with the HS probe and
isolated three classes ofA phage, representing the boundaries
of the pUl duplication. Among the clones studied in detail
were AU300 (containing the 1.8-kb Sst I fragment), AU510
(containing sequences from the 15-kb Sst I fragment), and
AU700 (containing sequences from the 25-kb Sst I fragment).
Because all of these fragments were originally derived from
pUll DNA, their characterization alone could not tell us about
the genomic structure and sequence ofhomologous regions in
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FIG, 1. (Upper) Restriction map of mutant-specific 15-kb Sst I
insert of AU500 and its relationship to the common 25-kb Sst I
genomic fragment. Common Sst I (S), Hindlil (H), and BamHI (B)
sites are indicated between the sequences. (There are other Hindill
and BamHI sites in the nonidentical part of the 25-kb Sst I fragment;
data not shown.) Only the Rsa I (R) and Nde 1(N) sites defining the
28RN fragment are shown. The duplication boundary (wavy line)
where the 15kb Sst I fragment diverges from the 25-kb Sst I fragment
is within the 850-bp HS fragment. Locations offragments (28RN and
HS) used as probes in Southern analysis are indicated below the
restriction map. (Lower) Southern blot of wild-type (+), pun, and
revertant DNAs (p11n+ij, +1; pun+2J, +2; pun+3J, +3) cut with Sst I
and hybridized with the 28RN probe (Left) or HS probe (Right).
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wild-type and revertant DNAs. However, the partial se-
quence analysis ofthese phage and their derivative subclones
enabled us to synthesize oligonucleotide primers to analyze
corresponding sequences in pun, wild-type, and revertant
DNAs using the PCR. The results ofPCR analysis are shown
in Fig. 2 and confirm that pun DNA contains a junction of
sequences not found in wild-type or revertant DNA (Fig. 2 B
and C, lanes 1 and 2). The orientation of the PCR primers
(MHB8 and MHB7) that exclusively amplify pun DNA indi-
cates a head-to-tail orientation of the pun duplication. To
confirm this arrangement at the nucleotide level, we se-
quenced two or three independent cloned PCR products from
wild-type, pull/pull, and revertants pun+lJ/puiz+ J, pun+2J/
pu"+2J, and pul+3J/p"+3J. No sequence differences were
found among any of the three independent revertant strains
and wild type. The nucleotide sequences at the duplication
junctions demonstrate that a head-to-tail tandem duplication
has occurred in pull DNA (Fig. 3). The boundaries of the
duplication reside within a 3-nucleotide sequence, TGG,
common to all boundary regions. We also noted a similarity
of the sequences at the pun duplication junction with the
simian virus 40 and polyoma enhancer core sequences (14)
and the more general consensus sequences of known sites of
illegitimate recombination and DNA gyrase sites (15).

Size of ten Duplication. To determine the size of the pun
duplication, genomic DNAs from pull, wild-type, and rever-
tant mice were digested with Ksp I and separated by PFGE.
Southern blots of these DNAs were hybridized with probes
300L and 700R, unique sequence fragments from AU300 and
AU700, respectively. Both probe sequences are outside the
region duplicated in pull DNA and neither probe hybridized to
the genomic DNA of the radiation-induced p6H mutation. A
610-kb Ksp I fragment was detected in wild-type and rever-

tantDNA with either probe, whereas a 680-kb Ksp I fragment
was detected in pun DNA using either probe (Fig. 4A). The
same size difference between wild-type and pun fragments
was observed in Nae I digests (Fig. 4B). We derive four
conclusions from these results: (i) there are no Ksp I or Nae
I sites within the segment ofDNA duplicated in pull DNA; (ii)
the unit length ofthe segment ofDNA duplicated in pull DNA
is -70 kb, a result also confirmed by the analysis of contig-
uous A phage and cosmid clones (data not shown); (iii) one
copy of the segment of DNA duplicated in pUln DNA disap-
pears upon reversion; and (iv) phenotypic mosaicism is the
result of genotypic mosaicism.

DISCUSSION
Structure and Orientation of the p"u Duplication. We have

found that the basis for the spontaneous mutation p"11 is a
head-to-tail duplication of -70 kb. A comparison of the
sequences at the junctions of the segment ofDNA duplicated
in punl with corresponding sequences in wild-type mice indi-
cated that the duplication was apparently exact; there were
no sequence anomalies at the duplication boundaries in pa""
DNA. PFGE demonstrates that the reversion of pull is ac-
companied by the loss of one of theduplicated -70-kb units.
From sequence analysis of the junctions and PFGE data, we
have deduced the structure of the duplication in relationship
to the cloned sequences used in this study (Fig. 5A).
The sequences at the pull duplication junctions (Fig. 3) may

have served to promote the formation of the pUll duplication.
These junction sequences resemble viral enhancers (14)- and
match 8 of 9 nucleotides of the consensus sequence ofDNA
gyrase sites and sites of illegitimate recombination (15).
Although random sequence matches ofthis type are expected
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FIG. 2. PCR analysis of genomid DNA. (A)
Location of PCR primers. Primers, deduced
from the partial sequence of the HS fragment,
AU300, AU500, AU510, and AU700, were used to
synthesize corresponding genomic DNA frag-
ments from pun, wild-type, and revertant mice
using PCR as described..(B) Ethidium bromide
stain of PCR products. Top row, primer pairs
MHB9 and MHB7 corresponding to sequences
from AU300; middle row, MHB8 and MHB7
corresponding to sequences from AU500 and
AU510; bottom row, MHB8 and MHB10 corre-
sponding to sequences from AU700. Genomic
DNAs from an individual male mouse (odd-
numbered lanes) or female mouse (even-
numbered lanes) homozygous for the indicated
alleles were used in the PCRs. Lanes: 1 and 2,
pun; 3 and 4, wild type; 5 and 6, p"Mn+1 ; 7 and 8,
pun+2J; 9 and 10, pmn+3J; il, p61. Lane Ml,
4X174 replicative form DNA/Hae Ill markers;
lane M2, pBR322 DNA/Msp I markers. (C)
Southern blot analysis of same agarose gel
shown in B hybridized to the HSA probe (see Fig.
1), indicating the specific PCR products of B.
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-85 -75 -65 -55 -45 -35
25 Kb TATTTTAAAT AACATGAAAG GTCA.AAAAGG TTATATCTAT ATTATTTTTA TTTATATAAA
15 Kb TATTTTAAAT AACATGAAAG GTCAAAAAGG TTATATCTAT ATTATTTTTA TTTATATAAA

1.8 Kb ATCAGTTCAC AGCAGCAAAA CCCTAACTAA GACAACAGGT AAAGCCTTCT TACCCTCCTT

-25 -15 -5 l 5 15 25 35
25 Kb TGTTCCCAGG TGTTATTTAT TCATgWT GGAGTATCTT TCCAAAATGG TTTTCAGTTA
15 Kb TGTTCCCAGG TGTTATTTAT TCA192Q"&.CCATGTGT GCTAGTCTCT ACCAAGGAGT

1.8 Kb CCACAATGTG ACACAAAGCC CTTCA-&" AGCCATGTGT GCTAGTCTCT ACCAAGGAGT
SV40 G Lr
Polyoma GZ.1lg3 T
Gyrase Y N NY

45
25 Kb AGACTCAAGG
15 Kb CTACAGCCTA

1.8 Kb CTACAGCCTA

55 65 75 85 95
GCTTCTATTA GTATACCTTA GATTAAAGGT AGTCATGTCT TTTCCTGTTT
TCTTGCCCAA TTGCCCATGA TTTTTTCACA ACACAGATGA CAAGGAGCTC
TCTTGCCCAA TTGCCCATGA TTTTTTCACA ACACAGATGA CAAGGAGCTC

FIG. 3. Sequence overlap of the 15-kb Sst I (pJ"n-specific) fragment with the 25- and 1.8-kb Sst I fragments. A portion of the sequences
determined from cloned PCR products is shown. DNA sequence derived from wild-type mice was identical to that from independent revertants
pun+lJ/pun+ IJ, pun+2J/pun+2J, and pun+3J/pun+3J. PCR primer sequences (not shown) were specific for sequences within (orjust outside of) the
Sst I fragments, indicated on the left of each sequence (see Fig. 2 and Materials and Methods). Sequence identity between strands is indicated
by normal type; sequence divergence between strands is indicated by italics. All sequences contain a common TGG (boldface type; nucleotides
1-3), 1 nucleotide of which is the point of divergence. The Sst I site common to both the 15- and 1.8-kb Sst I fragments lies at nucleotides 90-95.
Nucleotide identity with the simian virus 40 enhancer (GTGTGGAAAG) is indicated by solid underline; nucleotide identity with the polyoma
enhancer (GTGTGGTTT) is indicated by dotted underline (14). Sequences conforming to consensus gyrase sites and sites of illegitimate
recombination (YRTGNYNNY; where Y is pyrimidine, R is purine, and N is any nucleotide) are double underlined (15).

on the order of every 104-105 nucleotides, it is also possible
that the sequences at these sites may have played a role in
generation of the p.ll duplication.

Reversion of the pun Mutation. Because mosaic revertant
mice are also mosaic in DNA sequence, reversion must be a
somatic (mitotic) event. We have found that reversion of the
pU1f phenotype is coupled with disappearance of the pun
duplication. No differences have been detected so far be-
tween the DNA of revertant mice and wild-type mice (al-
though we have not exhaustively characterized the entire
:70-kb region in revertant mice). In particular, PFGE dem-

onstrated the loss ofDNA duplication (Fig. 4) and the DNA
sequence at the duplication junctions of three independent
revertants was found to be identical with that of wild-type
DNA (Fig. 3). Moreover, we (2) have recently found that the
p locus cDNA (with exons inside and outside of both ends of
the pUll duplication unit) reveals the exact same Southern blot
pattern in wild-type and revertant mice demonstrating that
the colinearity and overall structure of this region is main-
tained-i.e., there are no gross sequence differences between
wild-type and revertant DNA throughout the entire p locus.
This apparent exact loss of the duplication unit in revertant
mice strongly suggests an involvement of homologous re-
combination in the reversion process.
There are molecular processes that can result in the loss of

sequences repeated in tandem. Two of the simplest of these
processes (both involving homologous recombination), for
which precedence exists, are (i) homologous, but unequal,
crossing-over between the duplicated copies (interstrand
recombination between sister chromatids or between chro-
mosomal homologues), and (ii) looping-out of one of the
duplicated copies within a single DNA strand (intrastrand
recombination). In either case, recombination could occur
anywhere within the -70-kb unit to restore the wild-type
sequence arrangement, consistent with our finding of se-
quence identity between DNA from wild-type mice and DNA
from several independent revertants. A diagram of the pun
duplication showing these two potential mechanisms of re-
version is shown in Fig. 5.
Homologous, but unequal, crossing-over between strands

may underlie the cause of pUll reversion. This process is
thought to mediate changes in the copy number of certain
DNA sequences repeated in tandem at frequencies on the
order of the p"u, reversion frequency (16). These changes have
been observed for both meiotic (18) and mitotic (17) recom-
bination and include reversion of the Drosophila Bar muta-
tion (19). A predicted product of homologous, but unequal,

crossing-over is a triplication of the unit (Fig. 5), as repre-
sented by the double Bar mutant allele of the Drosophila Bar
locus (16, 19). In theory, this triplication should exist in
equivalent amounts with the revertant (single unit) in mosaic
mice. However, we did not detect a triplication-sized band in
the single mosaic mouse analyzed (Fig. 4A). The predicted
triplication may be inherently more unstable or confer a
growth disadvantage. Consistent with the last hypothesis is
our finding that pun/pul melanocytes grow significantly
slower in vitro than melanocytes homozygous for the wild-
type allele or melanocytes homozygous for other mutant
alleles (data not shown). A second mechanism of reversion is
looping-out. Looping-out produces a circular DNA product
and is thought to occur somatically in immunoglobulin class
switching (20) and may also occur somatically in the brain
(21).
Melvold (22) has reported that reversion of pull is impaired

when recombination around the p locus is inhibited by a
translocation, although these data may not be statistically
significant. If true, this finding suggests that neither looping-
out nor crossing-over between sister chromatids is the major
mechanism underlying pull reversion and implies that p"l,
reversion is most likely mediated by recombination between

A 1 2 3 4 5 6 B Z 3

680 kb-- m VW
610 kb-- .4 6453*_635kb

565 kb--
490 kb--4

FiG. 4. Analysis of pink-eyed dilution locus using PFGE. DNA
from mice homozygous for the indictedalleles was digested with
Ksp I (A) or Nae I (B) and separat by PFGE. (A) Hybridization to
700R, a sequence just outside the segment ofDNA duplicated in pun
DNA. Wild-type (lane 1); p"T (lane 2); mosaic revetant mouse (lane
3); and revertants p,,n+lJ (lane-4), ptn+SJ (lane 5), and pun+6J (lane 6).
A duplicate blot hybridized to 300R, a sequence just outside the
segment of DNA duplicated in p"" DNA., but on the other side of
700R, gave identical results (not shown). (B) Hybization to BX1.8,
a fragment entirely within the segment of DNA duplicated in pun
DNA. Lanes: 1, wild-type; 2 and 3, two punl/p mice. Estimated
sizes of hybridizing fragments (based on migration of A concatemers
and yeast chromosomal markers) are indicated on the left.
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FIG. 5. Tandem head-to-tail duplication ofpun mutation and two
models of its reversion. The unit of DNA that is duplicated inpun
DNA is shown as an open box. (A) Schematic representation of p
allele genotypes with positions of Sst I fragments revealed by the HS
probe. Individual Sst I sites of each fragment are lettered; homolo-
gous Sst I sites share the same letter. Relative positions of key A
phage clones are indicated. Other clones (not shown) establish a 70-
to 75-kb contiguous sequence through the boxed region. Note that
AU480 is represented twice, as it contains sequences entirely within
the pun duplication. (B) Homologous, but unequal, crossing-over can

occur between the duplicated units as has been observed in other
systems (16, 17). Note that the order of linear information in the
wild-type DNA sequence (represented by the sequence of numbers
above or below the DNA lines) is disrupted by the pun duplication.
Products of homologous but unequal crossing-over are also shown:
pun revertant, with only one copy of the unit (identical in sequence

order to wild type), and a predicted triplication of the unit. (C)
Looping-out (intrastrand recombination), an alternative mechanism
that can also result in loss of duplication. Products of looping-out are

also shown: pun revertant, with only one copy of the unit (identical
in sequence order to wild type), and a predicted circle of the unit.

chromosomal homologues. However, more data are required
to fully understand the reversion mechanism. Experiments to
sort out these two models utilizing PFGE to find the products
of homologous, but unequal, crossing-over (triplication) or

looping-out (circular DNA) (Fig. 5) and to examine whether

markers flanking the p locus recombine during the reversion
process remain to be done, as does an analysis of the
reversion frequency and DNA structure of genetic com-
pounds of various mutant p alleles with pun, especially
pun/p6H (duplication/deletion).
Human Homologue ofthep Locus. Recently, we have shown

that the human homologue of the mouse p locus is DJSS12,
located on chromosome 15 at qll-q13, a region associated
with Prader-Willi syndrome and Angelman syndrome and
characterized by profound imprinting effects, genetic instabil-
ity, and high recombination frequency (2, 5, 23). Although
there are imprinting effects localized to mouse chromosome 7
(24-26), no dramatic imprinting effects are reported for the p
locus (6). However, these two syntenic regions may share
sequences favoring recombination or genetic instability. In-
terestingly, duplications involving DJSS12 may have occurred
in as many as 6% of Prader-Wilhi patients (27).
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