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A highly repeated sequence on the murine Y chromosome was cloned and characterized. The DNA sequence

of the viral long terminal repeats (LTRs) showed that the 5' and 3' LTRs were -90% homologous. The LTRs
are generally unrelated to any previously reported viral LTR but are somewhat similar to the viruslike 30S
sequences.

Mice carry in their genomes large complements of retro-
viral and retrovirus-related sequences that are inherited in a
Mendelian fashion. These include but are not limited to the
intracisternal A particles (1,000 to 2,000 copies per genome)
(12), the mouse mammary tumor viruses (-20 copies per
genome) (1, 3, 13), the murine leukemia viruses (MuLV; 30
to 50 copies per genome) (6, 20), and the viruslike 30S
(VL30S) sequences (100 to 200 copies per genome) (11).
New families of retrovirus-related sequences are continually
being discovered (10, 18).
We previously identified in inbred strains of laboratory

mice a retrovirus-related sequence (16) that is part of a large
repeat unit present on the Y chromosome in approximately
500 copies (la). Hybridization data from different species of
Mlis suggest that integration of the retrovirus into the Y
chromosome occurred prior to the divergence of a closely
related group in the subgenus Miis, including Miis spretus,
M. abbotti, M. Io)rtlulanhls, M. itnhSCuluS, and M. dofnesti(ls
(la). Subsequent amplification of the virus and its flanking
cellular sequences occurred in the Y chromosome of the
male progenitor to M. mnscllithis and M. domesticus (la, 16).

This paper reports the further analysis of this highly
repeated retrovirus-related sequence, designated MuRVY
(murine repeated virus on the Y chromosome). We use the
term MuRVY to refer specifically to those highly repeated
proviral sequences on the Y chromosome resulting from a
single integration event. Although autosomal sequences can
be detected by hybridization of MuRVY probes to the DNA
of female mice (la), we do not know the structure of these
autosomal sequences, and they are referred to as MuRVY-
related sequences.

For this study, MuRVY sequences were subcloned from
two genomic clones, XY6 and XY45. The two genomic clones
were identified by probing a C57BL/10 genomic library with
the MuLV M720. Their isolation and the characterization of
the genomic clones are described elsewhere (la). Clone XY6
contained a complete copy of a MuRVY sequence, whereas
clone XY45 contained only the 3' end of the provirus. A
restriction enzyme map constructed for the XY6 copy of
MuRVY is shown in Fig. 1. The total length of the provirus
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was 8.8 kilobases, with the 5'-to-3' orientation based on the
analysis of DNA sequence data.
The 5' and 3' long terminal repeats (LTRs) of XY6 were

subcloned into M13 and sequenced by dideoxy chain termi-
nation as previously described (7). For portions of the LTR,
the sequence was obtained from a nested series of BAL 31
deletions under conditions described by the supplier (IBI).
The 5' and 3' LTRs were 627 and 628 base pairs (bp) long,
respectively (Fig. 2). There were 49 base changes between
the two LTRs, with 11 bases either inserted or deleted. Most
of these changes occurred in the regions of the LTR that
would approximate the R and U5 regions (Fig. 2). Overall,
the LTRs were approximately 90% homologous. Potential
TATA and CCAAT boxes were identified at positions 418
and 372, respectively (Fig. 2). A potential poly(A) addition
signal with the sequence ATTAAAG was identified at posi-
tion 537. The MuRVY LTRs ended with a 4-bp inverted
repeat, TGAA----TTCA (Fig. 3A). The inverted repeats,
primer-binding sites, and polypurine tract of the MuRVY
LTRs were similar to those of other murine LTRs, particu-
larly those of the VL30S sequences (Fig. 3B). The primer-
binding sequence of MuRVY resembled the tRNA GlY prim-
er-binding sites of VL30S sequences (Fig. 3B) (2, 14). There
were three positions at which the MuRVY tRNA binding-
site sequence differed from those of the VL30S sequences
(Fig. 3B). We do not know whether this difference repre-
sents evolutionary changes in MuRVY or an uncharacter-
ized tRNA species. Finally, there was a 4-bp direct repeat of
cellular DNA (GTAG) immediately flanking the MuRVY
LTRs (Fig. 2).
Because MuRVY is present in at least 500 copies on the Y

chromosome of laboratory mice (la), we questioned whether
the DNA sequences from XY6 were representative of the
total population of MuRVY. This question was addressed in
two ways. First, a partial sequence was obtained for the 3'
LTR of clone XY45 (Fig. 2). The two 3' LTRs differed from
each other in 7 of 331 bp. This is about one-fifth the degree
of dissimilarity found between the 5' and 3' LTRs of clone
XY6. Because there are differences between the 3' LTRs of
clones XY6 and XY45, we conclude that the two clones
represent different copies of MuRVY. However, the overall
homology (98%) of the two 3' LTRs supports the interpre-
tation that the differences between the 5' and 3' LTRs of
clone XY6 are representative of most of the MuRVY popu-
lation.
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FIG. 1. Restriction enzyme map of the AY6 copy of MuRVY.
MuRVY is drawn 5' to 3' with respect to the potential coding
direction of the viral genome. Restriction enzyme site abbreviations:
Bm, BamHI; Bg, BglII; Hn, Hindlll; Kp, KpnI; Ps, PstI; Pv, PvuII;
R, EcoRI; Ss, SstI; Xh, XhoI. There were no sites for the enzymes

XbaI, SalI, and SmaI.

Second, the 5' LTR of XY6 contains a HindIII site which
was not present in the 3' LTR of either XY6 or XY45 (Fig.
4B). To determine whether the divergence between the 5'
and 3' LTR sequences was present in additional copies of
MuRVY, we hybridized an LTR probe to genomic blots of
BglII-digested and BglII-HindIII double-digested DNA from
C57BL/6J male mice (Fig. 4). As shown in Fig. 4A, the major
proportion of hybridization was to the fragments predicted
from the results shown in Fig. 4B. A few additional bands

were seen in the BglII and BglII-HindIII double digest,
suggesting that some variation does occur in the MuRVY
population. Nevertheless, these data generally suggest that
most of the copies of MuRVY have the HindlIl site in the 5'
LTR but not in the 3' LTR. This further supports the
position that the sequence data for the 5' and 3' LTRs ofXY6
are representative of the predominant fraction of copies of
MuRVY.
A global search of the GenBank DNA Sequence Database

(Release 55.0) to identify sequences related to the MuRVY
LTRs was made by using the Lipman-Pearson DNA Search
and Alignment facility of the IBI/Pustell DNA Sequence
Analysis programs. The degree of similarity of the MuRVY
LTR sequence to other sequences was low. The greatest
similarity detected was to the sequences for the VL30S
LTRs and to an endogenous retrovirus associated with the
mouse major histocompatibility complex TL locus (15). The
alignment of the MuRVY 5' LTR to the VL30S LTRs was

strongest in the regions flanking the putative TATA box (Fig.
2). For clarity, only a portion of the VL30S sequence is
shown. Other regions showed little relationship between the
MuRVY LTR sequence and the VL30S LTR sequence,
although a two-dimensional matrix comparison at low strin-
gencies showed some similarity in the 3' ends of the LTRs
(K. W. Hutchison, unpublished data). Similar results were

obtained when the MuRVY LTR sequence was compared
with other published VL30S sequences (6, 8, 9, 14, 17). The
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FIG. 2. Alignment of MuRVY 5' (clone XY6) and 3' (clones XY6 and XY45) LTRs. The 5' LTR sequence is given in the upper line. Only
the differences in the 3' LTR sequences are shown. MuRVY 3' LTR*, Sequence for the XY45 clone; VL30 LTR, a portion of the sequence
for a VL30S LTR (9). Base-pair position is given below the VL30S sequence. Sequences are hyphenated to maintain maximal alignment.
Position numbers are given for the 5' LTR. GTAG at the beginning of the 5' LTR and at the end of the 3' LTR represents direct repeats of
the cellular DNA. Potential TATA and CCAAT boxes are underlined.
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FIG. 3. Comparison of the MuRVY LTR with other retroviral
LTRs. (A) Alignment of the terminal inverted repeat of the MuRVY
LTR with a VL30S sequence LTR (5) and an ecotropic MuLV LTR
(4). Underlined bases show the actual inverted repeat. Vertical bars
indicate identical bases in the MuRVY LTR and either the VL30S
LTR or the ecotropic MuLV LTR. (B) Alignment of the primer-
binding site and polypurine tract of MuRVY with the corresponding
sequence from a VL30S sequence (9). Ends of the MuRVY proviral
LTR are indicated by the solid box.

MuRVY LTRs were not significantly related to ecotropic or
xenotropic MuLV LTRs, solo LTRs (22), Etn elements (18),
or Gln elements (10). Neither was there any signficant
homology to a recently reported retroviral provirus whose
presence confers androgen-sensitive regulation to the mouse
sex-limited protein gene (19).
The MuRVY family of proviruses was originally identified

by their homology to the type C retrovirus M720 (16). They

A

are highly repeated sequences representing a significant
portion of the murine Y chromosome (la, 16). We have used
DNA sequencing of the putative LTRs to further support the
supposition that MuRVY is a retrovirus or of retroviral
origin. The MuRVY LTRs have the structural characteris-
tics of other retroviral LTRs in that they terminate in an
inverted repeat, they have a putative tRNA primer-binding
site at the internal junction of the 5' LTR, and they have a
polypurine tract at the internal junction of the 3' LTR (Fig.
3). The MuRVY provirus is also flanked by a 4-bp direct
repeat of cellular DNA (Fig. 2), suggesting that MuRVY
integrated into the Y chromosome by a normal retroviral
mechanism, generating a short duplication of the cellular
DNA. Although a potential promoter sequence has been
assigned within the MuRVY LTR (Fig. 2), we do not know
whether it is functional. A search of the GenBank database
showed that there is little similarity between the MuRVY
LTR and other mammalian retroviral LTRs. The LTRs
showing the greatest similarity to the MuRVY LTR are those
of the VL30S sequences. This similarity is not restricted to
the LTRs but is also seen in the use of tRNAG'Y as the primer
for minus-strand DNA synthesis (Fig. 3B).
An approximate measure of when MuRVY integration and

amplification occurred can be made from the differences in
DNA sequences between the 5' and 3' LTRs of XY6 and
between the 3' LTRs of XY6 and XY45. After integration, the
3' and 5' LTRs become isolated genetic units, free to evolve
independently. After amplification, individual copies of the
proviral sequences are similarly free to evolve. Thus, differ-
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FIG. 4. Probing of DNA from a C57BL/1OJ male mouse with a MuRVY LTR probe to show that the copy of MuRVY contained in clone
XY6 is representative of most copies of MuRVY. (A) DNA from a C57BL/1OJ male mouse (10 ,ug) was digested with BglII or BglII and
Hindlll, electrophoresed, blotted, and hybridized with a MuRVY LTR probe. DNA from a female C57BL/1OJ mouse was also digested with
BglII and HindlIl. The sizes of the major fragments are given in kilobases, as is the location of the potential band at 900 bp. (B) Schematic
representation of the restriction enzyme sites and location of the probe for the panel A experiment. Predicted fragments are indicated. kb,
Kilobases; Hn, Hindlll; Bg, BglII.
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ences between the LTR sequences are a measure of the
evolutionary time involved. The sequence divergence be-
tween the 5' and 3' LTRs and between the two 3' LTRs
suggests that the virus integrated into the murine Y chromo-
some 5 to 10 million years ago, with a subsequent amplifi-
cation event 1 to 2 million years ago (based on the data of
Takahata and Kimura [21]). Although these values are

clearly approximations and do not take into consideration
such factors as corrections for dissimilarity due to gene

conversion or unequal rates of evolution, the sequence
analysis suggests that the integration and subsequent ampli-
fication of the provirus occurred at significantly different
times and, therefore, that the two events were independent.
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