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Abstract. Mys is a retrovirus-like transposable ele-
ment found throughout the genus Peromyscus. Several
mys subfamilies identified on the basis of restriction site
variation occur in more than one species. The distribu-
tion of these subfamilies is consistent with the accepted
species phylogeny, suggesting that mys was present in
the ancestor of Peromyscus and has been active through
much of the evolution of this genus. Quantitative South-
ern blot analysis was used to examine the variability of
subfamilies in P. leucopus and maniculatus. We found
that subfamilies with phylogenetically narrow distribu-
tions were more variable in copy number both within and
between species than subfamilies with a broader distri-
bution. Taken together, our data suggest that mys has
undergone multiple rounds of transposition since the per-
omyscine radiation, and that five subfamilies have been
amplified during the evolution of the leucopus-
maniculatus species complex.
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Introduction

Genomes of all mammals are peppered with reverse-
transcribed DNA sequences. In fact, Temin (1985) esti-
mated that the mouse and human genomes contain over
500,000 reverse transcripts. Many of these reverse-
transcribed sequences fall into one of several classes of
transposable elements common to all mammalian ge-
nomes studied to date. These include the SINEs (short
interspersed elements) that are generally present in hun-
dreds of thousands of copies per haploid genome (Dein-
inger 1989), the LINEs (long interspersed elements) that
are present in tens of thousands of copies (Hutchison et
al. 1989), and one or more classes of RLEs (retrovirus-
like elements) that may be present in hundreds to thou-
sands of copies. RLEs are sometimes included among the
LINEs, but are distinguished from L1 by their strong
structural similarity to the retroviruses. However, RLEs
vary in their degree of similarity to known retroviruses.
Retroviral characteristics found in some or all such ele-
ments include LTRs (long terminal repeats), a tRNA
binding site inside the upstream LTR, a polypurine
stretch inside the downstream LTR, open reading frames
with similarity to one or more retroviral genes, and the
production of target site duplications upon insertion into
the genome. Some RLEs, such as the IAP elements (In-
tracisternal A-Particle) of Mus, exhibit all of these sim-
ilarities to retroviruses (Kuff and Lueders 1988), and are
likely to be recently evolved from defective retroviruses.
At the other extreme are the MaLRs (mammalian appar-
ent LTR-retrotransposons) that have LTRs, a polypurine
stretch, and produce 5-bp target site duplications but do



not encode retrovirus-like genes and do not have a tRNA
binding site. Furthermore, the transcriptional start sites
do not appear to be conserved, although the polyadenyl-
ation signal is present in the consensus sequence for all
families described. MaLLRs are present in both primates
and rodents, and it has been hypothesized that they are
ancient components of the mammalian genome (Smit
1993).

Mys is a family of RLEs identified by virtue of its
high copy number in the white-footed mouse, Peromy-
scus leucopus, and its absence in the genome of the
house mouse, Mus domesticus (Wichman et al. 1985).
Mpys elements are intermediate between [APs and Mal.Rs
in their similarity to retroviruses. The LTRs of mys have
a putative transcriptional start site and polyadenylation
signal. There is a lysine tRNA binding site inside the
upstream LTR and a polypurine stretch inside the down-
stream LTR, and mys produces 6-bp target site duplica-
tions upon insertion into the genome. Although mys has
two putative open reading frames, they are on the non-
transcribed strand. A relationship of ORF1 to reverse
transcriptase has been proposed (Wichman et al. 1985),
but the sequence similarity is limited, and the identity of
ORF2 remains unclear. Furthermore, mys is only 2.8 kb
in contrast to an expected 5 kb or greater for a retrovirus.
There are additional cross-hybridizing sequences in the
Peromyscus genome, and in the genomes of closely re-
lated cricetid rodents, but the 2.8-kb family appears to be
the major one in the species of Peromyscus that have
been examined in detail. Interestingly, mys elements are
preferentially accumulated on the sex chromosomes
(Baker and Wichman 1990).

Peromyscus is an ideal genus in which to study the
evolution of a mammalian RLE. This genus of New
World rodents has long been a model system for evolu-
tionary and population studies (King 1968; Kirkland and
Layne 1989). There are about 57 currently recognized
species, ranging from those with geographically re-
stricted distributions to species such as P. maniculatus
and leucopus that have extensive geographic ranges. De-
spite the fact that they have been extensively studied
from an evolutionary perspective, phylogeny for the ge-
nus is still controversial. Nevertheless, several species
groups have been recognized and are generally accepted,
although the relationship of these groups to each other
remains unclear (Carleton 1989). Of significance to this
study are two species groups: (1) P. leucopus and gos-
sypinus are generally considered to be sister taxa, and (2)
P. maniculatus is part of a species complex that also
includes P. melanotis, polionotus, oreas, sitkensis, seju-
gis, and perhaps slevini (Carleton 1989).

Although numerous studies have elucidated some as-
pects of the evolutionary and population biology of
SINEs and LINEs, similar studies of mammalian RLEs
are lacking. For example, it has been suggested for both
SINEs and LINEs that one or a few elements (‘‘mas-
ters’’) act as the templates to produce most additional

45

elements (Deininger et al. 1992). It is not known whether
there are also masters for RLEs, or whether all or many
RLEs have an equal probability of producing new copies.
It has been proposed that LINEs have been components
of the mammalian genome since the mammalian radia-
tion (Hutchison et al. 1989), and that they have remained
active to the present (Dombroski et al. 1991). Addition-
ally, the tempo of transposition is thought to be uneven
for SINEs and LINEs (Hutchison et al. 1989), but is
unknown for RLEs.

In this paper we begin to examine some of these ques-
tions for the retrovirus-like element, mys. Specifically,
we will ask whether there is evidence that mys has re-
mained active during speciation of Peromyscus. We will
address this question by examining the distribution of
restriction-site-defined mys subfamilies based on the
phylogeny of Peromyscus. Examining transposable ele-
ments in a phylogenetic context may allow us to estab-
lish the origin of new subfamilies in evolutionary time.
Additionally, we will examine several of these subfam-
ilies in more detail in two wide-ranging species, P. leu-
copus and maniculatus, and we will also look for evi-
dence of recent activity of specific subfamilies in these
two species.

Materials and Methods

Frozen tissues or DNA for this study were donated from the frozen
tissue collection at The Museum, Texas Tech University, and by Kim-
berlyn Nelson, Pennsylvania State University. P. oreas was donated by
Ira Greenbaum, Texas A&M. Tk, Gk, and H prefixes on specimen
numbers cross-reference laboratory records and tissues to voucher
specimens deposited in The Museum, Texas Tech University, Texas
A&M, and the Museum of Comparative Zoology, Harvard University,
respectively. DNA was prepared from tissue by the standard phenol
extraction or by the method of Longmire et al. (1988). Concentrations
of genomic DNA stocks were determined using the Hoechst dye
method (Labarca and Paigen 1980) on an LS30 luminescence spec-
trometer (Perkin Elmer, Norwalk, CT).

Specimens examined: P. alstoni: Tk13194, Tlaxcala, Mexico. P.
attwateri: Tk27738, Tk29509. P. banderanus: Tk19658. P. bovlii:
Tk32541. P. crinitus: Tk26308. P. gossypinus: Tk24227. P. leucopus:
Tk11712, Ontario, Canada; Tk20975, Tk27680. Tk28977. Tk20973,
Maine; H139, New Hampshire; Tk33791, New York; H185, H256,
H359, H369, H395, H397, H401, H408, Massachusetts; Tk33886,
West Virginia; Tk24940, Georgia; Tk31881, North Dakota; Tk33807,
Kansas; Tk30070, Tk33834. Oklahoma; Tk33761, Tk33765, Tk33757,
Tk33739, 20-314-323, Texas; Tk19777, Tk29581, Tk33878, New
Mexico; Tk27653, Tk27150, Tk27148, Tk27127. Tk26335. Mexico. P.
maniculatus: Tk24386, Texas; Tk22437, Tk24156, ldaho; Tk13649,
North Carolina; Tk25739, Tk25740, Tk29798, Maine; Tk25398, lowa;
Tk27135, Tk27532, Tk27553, Colorado; Tk25401, Tk25403, Nevada;
Tk13748, Tk13751, Distrito Federal, Mexico. Tk28643. Zacatecas,
Mexico. Tk13404, Tk25418, Tk26231, California. P. melanophrys:
Tk26237. P. melanotis: Tk13756, Tk13757, Tk19828. P. mexicanus:
Tk34520, Tk22523. P. oreas: Gk1938. P. pectoralis: Tk30615. P.
perfulvus: Tk19583. P. pirrensis: Tk26910. P. polionotus: Tk24230,
Tk24231. P. sitkensis: Tk21897, P. thomasi: Tk20608. P. truei,
Tk21858.

For Southern hybridization analysis. a l-ug sample of genomic
DNA was digested with the appropriate restriction enzyme according to
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manufacturer’s instruction (USB, Cleveland, OH) and electrophoresed
on a 22-cm-long 0.8% or 1% Synergel-agarose gel (Diversified Bio-
tech, Newton Centre, MA), transferred to Magnagraph nylon transfer
membrane (MSI, Westboro, MA), and immobilized by UV cross-
linking. In the quantification study, an EcoR]1 digest of each genomic
DNA was done in triplicate, and one digest for each genomic DNA was
electrophoresed on three separate gels. All digests were performed
using the same stock of DNA, and in each replicate all digests were
electrophoresed, Southern blotted, and hybridized at the same time.

Hybridizations were performed at 58°C with 5 x 107 cpm *?P-
labeled probe. For the phylogenetic study the prehybridization and
hybridization buffers were 4 x SSCP and 1 x Denhardt’s solution; for
the quantification study the buffers were 5 x SSCP and 1.25 x Den-
hardt’s solution. (I x SSCP is 120 mM sodium chloride, 15 mM sodium
citrate, 20 mm sodium phosphate, pH 7.0.) Initial studies were carried
out using mys-internal as a hybridization probe (Wichman et al. 1990).
ORF2, a subfragment of mys-internal consisting of a 450-bp Mbol-
HindIll fragment of mys-1 (Wichman et al. 1985), was used for all
quantification studies. For subfamilies in which the structural relation-
ship to mys is known, ORF2 is completely included in each analyzed
fragment. This allows a more accurate estimate of copy number and
yields results that are comparable between subfamilies. The probes
were prepared by random prime labeling (USB, Cleveland, OH) with
[**P1-dCTP (DuPont, Boston, MA).

To estimate the number of copies of mys represented by a fragment
on a Southern blot, a standard was loaded on each gel subjected to
radioanalytic imaging. The standard used in all experiments was the
Pst1 fragment of mys-1 (Fig. 1) representing 1,000 copies per haploid
genome. To calculate the concentration of the mys-Pstl standard, the
haploid genome size of Peromyscus was estimated at 3 x 10° bp and
mys-Pstl at 2,500 bp. In these experiments, the radioactive membrane
was scanned on a radioanalytic imaging detector (Ambis 100, San
Diego, CA) for 2 h (phylogenetic study) or 6 h (quantification study).
The AMBIS 100 detects B-emissions directly from the membrane,
translating counts into a composite computer image. Each band on the
computer image was analyzed as a rectangular object drawn to approx-
imately the size of the fragment, and the resulting net counts for each
band were used to calculate copy number of elements in that fragment
using the standard as a reference. Average copy number for each frag-
ment and corresponding standard error were determined from the rep-
licates. In determining standard error n = 3, except calculations of P.
leucopus (OK) and maniculatus (1A) copy number, for which n = 2.

Results

Restriction enzymes for these studies were chosen based
on the known maps of mys elements from P. leucopus
(Fig. 1). When Southern blot analysis is carried out on
total genomic DNA using mys-internal (Wichman et al.
1990) or mys ORF2 (Wichman et al. 1985) as a probe,
discrete fragments are detectable. The presence of such
fragments indicates that a subset of mys-hybridizing se-
quences in the genome have a common restriction pat-
tern. Under conditions used in this study, such subsets
are only seen as discrete fragments when they contain at
least a few hundred copies of mys-hybridizing sequences.
A subset of elements yielding a discrete fragment in
genomic Southern blot analysis is referred to here as a
restriction-site-defined subfamily of mys. The size of
most such fragments can be predicted from the compos-
ite restriction map (Figs. 1 and 2), although some frag-
ments are novel.

In a pilot study, genomic Southern blot analysis was

637 64 16 1 0 7 7 636
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Fig. 1. Composite restriction-site map of seven cloned mys elements.

Restriction sites are: 7= Pstl, R = EcoR1, V= EcoRV, P = Pvull, H =
Hindlll, X = Xhol. Numbers above restriction sites indicate the fre-
quency of that site in seven elements (Wichman et al. 1985). The open
bar on the map represents the 1.2-kb mys-internal probe. The black
arrows represent the LTRs. The EcoRlI site in the middle of the map
(frequency = 0) is suggested by the Southern blot analysis.

carried out on nineteen species of Peromyscus (alstoni,
attwateri, boylii, crinitus, gossypinus, leucopus, manic-
ulatus, melanophrys, melanotis, mexicanus, oreas, pec-
toralis, perfulvus, polionotus, sitkensis, truei, pirrensis,
thomasi, banderanus). Although there was strong hy-
bridization to the mys probe in all species, in five species
(boylii, crinitus, pirrensis, thomasi, banderanus) we
were unable to resolve the subfamilies of interest as dis-
tinct fragments with most enzymes selected based on the
known mys restriction maps from P. leucopus. Because
these species could not be reliably scored, they were
excluded from further analysis. In addition, insufficient
DNA was available for P. perfulvus to include it in sub-
sequent analyses, but in all preliminary studies it exhib-
ited results indistinguishable from those for P. melano-
phrys.

Four sets of genomic Southern blots were carried out
on the remaining 13 species of Peromyscus for the phy-
logenetic analysis. The nine distinct fragments scored in
Southern blot analysis are shown in Fig. 2. Ps:1 yielded
the predicted 2.5-kb fragment (referred to as T2.5) and a
novel 0.7-kb fragment (T0.7). EcoRV yielded the pre-
dicted 2.5-kb fragment (V2.5). EcoRl yielded five frag-
ments of 2.5, 2.0, 1.8, 1.5, and 1.3 kb (E2.5 to EL.3), of
which 2.5, 2.0, and 1.8 kb are predicted from the com-
posite map. Pvull plus HindIll yielded the predicted
1.56-kb fragment (PH1.56). Species were scored as pos-
itive for a fragment when it was detectable above the
background smear by radioanalytic imaging. The distri-
bution of restriction-site-defined subfamilies is superim-
posed on a phylogenetic tree of these species in Fig. 3.
This phylogenetic tree is based on the karyotypic evolu-
tion of the genus (Stangl and Baker 1984), except that
members of the leucopus-maniculatus species complex
are shown as a monophyletic group. Two mys subfami-
lies, E2.5 and E1.3, were detected in all 13 species ex-
amined, and a third mys subfamily, V2.5, was detected in
all species except P. pectoralis, mexicanus, and attwa-
teri. Five mys subfamilies, T2.5, T0.7, E1.8, E2.0, and
PH1.56, were identified only in species within the leu-
copus-maniculatus species complex (P. leucopus, gos-
sypinus, maniculatus, melanotis, polionotus, oreas, sit-
kensis).

To examine the variation in restriction-site-defined
subfamilies of mys within species, we examined individ-
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uals from across the range of the two most widely dis-
tributed species of Peromyscus. P. maniculatus is dis-
tributed across most of North America, and P. leucopus
occurs from central Maine and Canada to Cozumel,
Mexico, and from the east coast to the Central Plains
(Hall 1981). Examples are shown in Fig. 4. Although this
technique cannot detect low levels of mys transposition,
it could potentially uncover major transpositional bursts
in these species that might be evident as new subfamilies
of mys-related elements. With exception of the two cases
discussed below, we detected only subtle quantitative
differences in the hybridization patterns between indi-
viduals from across the species range. In some cases, this
variation reflected minor, but reproducible, copy number
differences in some restriction-site-defined subfamilies,
and in some cases reflected variation in DNA loadings.

One difference was observed when genomic DNA
from a mouse from Distrito Federal, Mexico, identified
in the field as P. maniculatus (Tk19828), was digested
with EcoRI and probed with mys-internal. In addition to
the four fragments that are observed in all members of
the P. leucopus and maniculatus species groups, the E1.5
fragment was observed in this mouse. Upon examination
of the voucher specimen, this mouse was found to be P.
melanotis. Thus these fragments may prove to be useful
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Fig. 2. Restriction-site-defined subfamilies of
mys. Southern blot analysis of total genomic DNA
digested with restriction endonucleases as
indicated and probed with ORF?2 reveals the nine
subfamilies that were the subject of analysis. Each
fragment scored is identified with a letter(s)
referring to the restriction enzyme(s) used and a
number referring to the size of the fragment. The
restriction maps indicate the restriction sites within
mys giving rise to each subfamily where this is
known. The arrows in each map indicate the
LTRs flanking the element.

“‘ E15

Fig. 3. Distribution of restriction-site-defined subfamilies of mys
among 13 species of Peromyscus. The topology of the phylogenetic
tree is based on karyotypic evolution in the genus. The emergence of
each subfamily is deduced from species in which it could be detected
by radioanalytic image analysis under standardized conditions.
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Southern blot analysis of restriction-site-defined subfamily of mys in two wide-ranging species. This figure shows representative portions

of autoradiograms resulting from Southern blot analysis of total genomic DNA from P. leucopus and maniculatus from across their species ranges.

The probe is as indicated in Fig. 1.

diagnostic markers for species identification at the mo-
lecular level. A second difference was observed when P.
leucopus genomic DNA digested with HindIll + Pvull
was probed with mys-internal. The predicted 1.56-kb
fragment, present in all other samples of P. leucopus and
P. maniculatus, was absent in the Maine representative.
We examined three additional specimens from the same
locality and detected variation among these individuals
for the presence of this fragment. Two individuals ap-
peared to be either missing this fragment or showing it at
greatly reduced intensity while the other two appeared to
have this fragment in similar copy number to all other
populations examined. Based on Southern blot analysis,
we determined that it is the HindlIlIl site, and not the
Pvull site, that appeared to be absent in these P. leucopus
from Maine. These mice were originally trapped in Pe-
nobscott County, Maine, in 1986. Examination of 98
additional P. leucopus taken from the same location in
1993 failed to yield any mice with the HindIll-minus
genotype (unpublished data). This finding remains enig-
matic, and we lack material to carry out a more detailed
analysis.

Data from the previous experiment suggest that some
restriction-site-defined subfamilies varied in copy num-
ber both within and between species. To explore this
variation in more detail, the EcoRI1-defined mys subfam-
ilies of P. leucopus and manicularus from different geo-
graphic locations were analyzed by quantitative Southern
blot analysis using an Ambis radioanalytic imaging sys-
tem. The total number of mys copies accounted for by the
EcoRI-defined subfamilies was approximately 3,600 in
P. leucopus and 1,900 in maniculatus. We found that

E2.5 and E1.3 were less variable in copy number both
within and between species than E1.8 and E2.0 (Fig. 5).

Discussion

Retrotransposons move by reverse transcription of an
RNA intermediate and insertion of this DNA copy into
the genome at a new site. This mechanism of movement
results in an increase in copy number, so that such ele-
ments may be present in hundreds to hundreds-of-
thousands of copies per haploid genome. The relation-
ship of these copies to each other will depend largely on
the nature of the template for transposition. On one hand,
if every copy has an equal probability of serving as a
template for retrotransposition, it has been reasoned that
elements will quickly diverge (Deininger and Batzer
1993). This divergence will be more rapid than for stable
sequences in the genome because the high error rate of
reverse transcriptase will be elaborated with each round
of retrotransposition. Given this scenario, randomly se-
lected elements from one species may be as distant from
each other as they are from randomly selected elements
from a distinct but related species. At the other extreme,
if a single template serves as the master element that
gives rise to all new copies, elements from within a spe-
cies may be more closely related to each other than they
are to elements from a distinct but related species. Such
a relationship between sequences has been termed *‘con-
certed evolution,”” a concept that refers to a pattern of
greater similarity of sequences within than between spe-
cies rather than to the mechanisms by which such simi-
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larity arises (Dover 1986). Intermediate scenarios, with
several active templates or a series of active templates,
may give other patterns of similarity between elements in
the genome. For some elements such as LINEs and
SINEg, it is generally accepted that there are few active
templates for retrotransposition at any given period of
evolutionary history (Hardies et al. 1986; Willard et al.
1987; Britten et al. 1988; Shen et al. 1991; Deininger et
al. 1992). Although the details are still the subject of
debate, both types of elements are clearly evolving in
concert in the mammalian genomes examined to date.
Similar questions have not been widely addressed for
RLEs, and few cross-species comparisons have been
made. Our data do not resolve this issue, but the punc-
tuated appearance of restriction-site-defined mys sub-
families during peromyscine evolution suggests that only
a subset of mys elements may be transpositionally active
during some periods of evolution. Further investigation
at the DNA sequence level is needed to determine how
many mys elements are active at any time and whether
elements of one subfamily form a more homogeneous
group in terms of sequence similarity and age than mem-
bers of difterent subfamilies.

Before going on to specific aspects of our data, sev-
eral points need to be clarified. First, not all restriction-
site-defined subfamilies examined in this study are inde-
pendent of each other. For enzymes yielding multiple
restriction-site-defined mys subfamilies, each subfamily
is independent because any given element will only be
present in one fragment in the Southern blot. For exam-
ple, an element that belongs to the E1.8 subfamily cannot
at the same time belong to the E2.5 subfamily. However,
subfamilies defined by different restriction enzymes are
not independent; i.e., the T2.5 subfamily may contain
members of the E2.5, E2.0, E1.8, E1.5, and E1.3 sub-
families, as well as members that belong to none of
these. In some cases multiple subfamilies may actually
reflect a single class of elements. Second, the distribution
of subtamilies on the phylogenetic tree (Fig. 3) suggests
that the number of subfamilies is considerably greater in
the P. leucopus and maniculatus species complex than in
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E1.3

Estimated copy number of EcoRl-defined

Fig. 5.

mys subfamilies in Peromyscus leucopus and

maniculatus. Bars indicate the standard error of

the mean. P. leucopus used in this analysis were

Tk11712 (Ontario), Tk24904 (Georgia), Tk33834
z % (Oklahoma), and Tk33886 (West Virginia); P.
maniculatus used were Tk13649 (North Carolina).
Tk25398 (lowa). Tk25740 (Maine), and Tk29798
(Maine).

other species surveyed. It is somewhat premature to draw
such a conclusion because the large number of subfam-
ilies observed in this species complex may be subject to
ascertainment bias based upon the choice of enzymes
from P. leucopus restriction maps. Third, in the analysis
of variation within P. leucopus and maniculatus, mice
from each species were selected from different locations
to increase the probability of finding within-species dif-
ferences if such differences exist. Although several geo-
graphic locations were sampled, it is premature to inter-
pret differences between mice as geographic variation
because we do not yet know the amount of variation
within populations. Finally, estimation ot copy numbers
of repeated elements is always problematic because error
can come from several sources (e.g., DNA loading, hy-
bridization stringency, efficiency of DNA transfer in
Southern blotting, etc.). Every effort was made to care-
fully control these variables, and consistency within the
experiments reported here is good. However, we find
that our estimates of total copy number and copy num-
bers for restriction-site-defined subfamilies may vary
more than twofold when determined by different meth-
ods (Wichman et al. 1985; Janecek et al. 1993) and all
these numbers should thus be considered very rough es-
timates of copy number.

SINEs and LINEs have proven to be good markers for
evolution at various taxonomic levels (Perna et al. 1992;
Kass et al. 1992; Murata et al. 1993). Our data suggest
that RLEs may also be useful evolutionary markers. The
phylogenetic distribution of restriction-site-defined mys
subfamilies appears to be compatible with the accepted
phylogenetic relationships among species of Peromy-
scus. Eight of the nine subfamilies examined in this study
are distributed in a manner that is not inconsistent with
the accepted relationships among species. E1.3 and E2.5
occur in all 13 species, whereas V2.5 occurs in ten spe-
cies. There is strong support for a clade including both
the P. leucopus and maniculatus species groups. Five of
the nine mys subfamilies, T2.5, T0.7, E1.8, E2.0, and
PH1.56, were seen only in species of this complex (P.
leucopus, gossypinus, maniculatus, melanotis, poliono-
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tus, oreas, sitkensis). The close relationship between
members of the leucopus and maniculatus groups is also
supported by biochemical data (Avise et al. 1974, 1979).
The ninth subfamily, E1.5, appears to have arisen or been
amplified twice within the species examined: once in P.
melanotis and independently in P. melanophrys. We
have also observed this subfamily in P. crinitus and P.
perfulvus. P. perfulvus is closely related to P. melano-
phyrs; however, P. crinitus is quite distantly related to
these species. It is possible that this is an ancient sub-
family that was amplified independently in these species.
Alternatively, these apparently similar fragments may
represent distinct mys amplifications. It will be interest-
ing to determine how closely related these E1.5 subfam-
ilies may be at the sequence level.

Our original phylogenetic analysis of mys included
five more distantly related species. Although there was
strong hybridization to the mys probe in all species, we
were unable to resolve distinct fragments with most en-
zymes selected based on the known mys restriction maps
from P. leucopus. Detailed analysis of mys elements
from one of these more distantly related species may
allow us to select enzymes that will define subfamilies
that span the genus. However, the phylogenetically dis-
tinct distribution of most subfamilies suggests that mys
has undergone multiple rounds of transposition during
the peromyscine radiation. Furthermore, it appears that
different subsets of the elements in the genome contrib-
ute to these bouts of transposition. Five subfamilies
(T2.5, TO.7, E1.8, E2.0, and PH1.56) have been ampli-
fied during the evolution of the leucopus-maniculatus
species complex. The most convincing evidence of re-
cent mys activity comes from the difference in copy
numbers of EcoRI-defined subfamilies. E2.5 and E1.3
have a wide phylogenetic distribution (Fig. 3). These
subfamilies show little variation in copy numbers in mice
from different geographic locations in both P. leucopus
and maniculatus, and copy numbers for these subfamilies
do not differ dramatically between these species (Fig. 5).
On the other hand, E2.0 and E1.8 are more restricted in
their phylogenetic distribution, being found in detectable
levels only in the leucopus-maniculatus complex (Fig.
3). These subfamilies differ significantly in copy number
between mice of the same species and even more dra-
matically between species (Fig. 5). Furthermore, these
two subfamilies appear to have been active in the com-
mon ancestor of P. leucopus and maniculatus, with
higher transpositional levels persisting in P. leucopus.

A similar study of restriction-site-defined LINE sub-
families was carried out in Peromyscus by Kass et al.
(1992). Their study included some species used in our
analysis, P. leucopus, gossypinus, maniculatus, poliono-
tus, and truei, as well as two species not included in our
analysis, P. difficilis, a close relative of P. truei, and P.
californicus, their outgroup. They found subfamilies that
united each of the three species groups in their analysis,
as well as subfamilies that united all species examined.

Direct comparison of these studies is not possible be-
cause of differences in species examined, hybridization
stringency, and methods by which enzymes were chosen,
but these data suggest that both mys and LINE have been
active during the evolution of this genus.

Mechanisms for generating new genetic variability
are critical to evolutionary success. One such potential
mechanism is the transposition of mobile elements
(Furano et al. 1994). RLEs in particular have been pro-
posed to provide raw material for the evolution of regu-
latory novelty (McDonald 1990). On the other hand, high
levels of transposition might lead to extinctions of local
populations or even species. It remains to be determined
what roles transposable elements have played in the evo-
lution of peromyscine rodents.
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