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Novel endogenous human retroviral sequences were cloned by low-stringency hybridization, using the pol
gene of endogenous human retrovirus 51-1. One clone, ANP-2, contained gag, pol, env, and long terminal
repeat sequences related to the corresponding portions of clone 51-1 and the closely related full-length
endogenous human retrovirus 4-1. The sequence of the env gene of NP-2 was 73% homologous to that of 4-1.
Genomic Southern blots of male and female DNAs showed that NP-2 is located on the Y chromosome and that
the Y chromosome also contains one other sequence closely related to the env and 3' flanking regions of NP-2.
Conservation of flanking DNA suggests that the second Y chromosome copy of the NP-2 env sequence arose by
gene duplication rather than provirus insertion.

Several different endogenous retroviral sequences have
been identified in the human genome (1, 3, 4, 11-14, 18, 19,
25). To look for new classes of endogenous human retrovi-
ruses, we screened a recombinant bacteriophage human
DNA library (9) with apol probe from the well-characterized
human endogenous retroviral sequence 51-1 (18, 19). A pol
probe was used because this retroviral gene is highly con-
served among different retroviral families (18, 19). Recom-
binant bacteriophage clones were selected which hybridized
at low stringency (membranes washed at 550C in 6x SSC
[lx SSC is 150 mM NaCl plus 15 mM sodium citrate]) but
not at high stringency (membranes washed at 68°C in 0.1 x
SSC). At least 5 of 12 clones so selected appeared to have
the structure of partial or complete retroviruses, since they
also hybridized at low stringency to gag, env, or long
terminal repeat (LTR) probes from human retroviral clones
51-1 and 4-1 (18, 25), and the relative positions of restriction
fragments hybridizing to these probes were consistent, ex-
cept for a few instances of apparent deletions, with the gene
order LTR-gag-pol-env-LTR. One of these retroviral clones,
ANP-2, was analyzed further because preliminary experi-
ments indicated that the human population was highly
polymorphic for NP-2-related sequences.
A restriction map of the insert in clone XNP-2 is shown in

Fig. 1. The position and approximate extent of gag, pol, env,
and LTR sequences were determined by low-stringency
hybridization with subregion probes from retroviral clones
51-1 and 4-1 (18, 25). To confirm that these cross-
hybridization reactions were indicative of extensive se-
quence homology, a 1.1-kilobase (kb) HindIII fragment from
the env region of NP-2 (fragment a, Fig. 1) was sequenced.
Overall, the sequence of this fragment was 73% homologous
to that of the corresponding portion of 4-1 (Fig. 2). A small
region of marked divergence (only 45% homology) was
noted about one-third of the way into the env coding
sequence of 4-1 (coordinates 6930 to 7050, Fig. 2). This
region corresponds roughly to regions of hypervariability
determining host range in replication-competent murine and
avian retroviruses (6, 7, 15, 16). The fact that 4-1 and NP-2
differ more in this region than in other regions of the env
gene suggests that 4-1 and NP-2 are derived from what were,
at some time in the past, functional retroviruses.

* Corresponding author.

When the 1.1-kb HindIII env fragment was used in blot
hybridization analysis of human DNA under high-stringency
conditions (washing at 65°C in 0.1 x SSC), two sequences
were detected in DNA from males, whereas DNA from
females gave no, or much weaker, reactivity (Fig. 3). For
example, the env probe detected BamHI fragments of 4.9
and 0.9 kb, corresponding to the expected fragments from
NP-2 (Fig. 1), and an additional BamHI fragment of 9.6 kb,
presumably arising from a second sequence closely related
to the NP-2 env gene (Fig. 3, lane 6). Digestion with HindIlI
gave the expected 1.1-kb fragment from NP-2, and two other
env-reactive fragments presumably because the additional
NP-2 env-related sequence had a HindIII site within it (Fig.
3, lane 9). Digestion with EcoRI gave three env-reactive
fragments of 5.8, 8.2, and 9.6 kb (Fig. 3, lanes 1 and 2). Since
the DNA library from which NP-2 was cloned was con-
structed by partial digestion of human male DNA with AluI
and HaeIII and insertion ofEcoRI linkers (9), the EcoRI site
forming the boundary of the NP-2 insert is an artifact of
cloning. Therefore, the genomic EcoRI fragment containing
NP-2 env must be larger than 7.2 kb, the size of the cloned
NP-2 EcoRI env fragment (Fig. 1). Either the 8.2- or 9.6-kb
env-reactive EcoRI fragment could correspond to the
genomic NP-2, whereas the other fragment of this pair and
the 5.8-kb fragment presumably arose from an EcoRI site
within the NP-2 env homolog.
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FIG. 1. Restriction map of the insert in ANP-2. The approximate
extent of the gag, pol, env, and LTR genes was determined by
low-stringency hybridization (membranes washed at 55'C in 6x
SSC) of restricted DNA to retroviral probes from clones 4-1 and 51-1
(18, 25). R, EcoRI; B, BamHI; H, HindIII.
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start of env codlng sequeace is close 4-1

6236 6760 *6780 .6800 *6820
4-1 ATGCAGA//... 5IObp ... //GGCCATCTQTTATmTGGCCTATTGCCAAAAAGAACAAAAAGGACCC0TTTATCTTCAGAAGCCCCAACCCAACCCCT
NP2eav CTCATTTTCGCTACCTCGAAAAATAATGAAAAATATCCATTTAT !CAGAACCAAAGTCATTCCT
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6840 6860 * 6680 . 6900 6920

4-1 CCTGTGACTGCATGTCACTGTAACCCACAGAACTATAATTACCCAATCCCACTAGATCC;CC-TCTGGAAAAANTATAACGTCTAACCCTTCT TCCCCC

NP2nv sACTTCACACCA;CCCACACTACACACCTTA;;;AACCAATAATCACCACACTCCCCTACTCCCCATTGOAACCCCATAAACTCTAATCTTTTATATCATCTA
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4-1 GGACAGGGTTAAACCCCCAAGTTGCCATTTTAATTAGAGGiGAGGTCCACAAGTGCTCTCCCAAACCAGTATTTCAAACCITTTATAAG'GACCTGAATCT
NP2env TAGCTGGACAGGATCCTTGAGTAAATATTTCAGTC AGACAAGAGGTCAAAATGTGTGTTTACAAACCCAGTGT TCAAGACTGA-AATA
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4- 1 jCTCATAGCCAATTTCCAACTAATAA TGACAAAATTTGTTTCTCAATACAG-AAGAATGTAGCTCTATCTCCCTTATGT;ACTTCTTGTTATGTATGCGGGA
NP2env AATTTGTGCCCACACAGAGTTCCAGGGAGACAAGAATTNCTGCATGCTTAGCAGGAvAACTGATCCATCTCCCTCATGATTTCTTCCTTTTATATTGTGAG
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4-1 ~GAACCACTATACGAGTACACAvGATGCAkCTTGA GCCGAGAGTGCTGCCTCACTGATCA^GCTCCTATmAGTAATCAGTTCAGA^TAAACCAACTAGCAT

NP2env GGAACCACTATGGGAGAGCAATGGCCTTAAGAAACCTGAGAATTAGTGCCTACTGATCCAATTCCTGATATGATTACAATCCAGAAGACCAACACTGGNA
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4- 1 GCTTGTCCTCAAAAATCTCTCAGATTGATTGGACATACCTGGACATAGCTAGAGAAGGGAAAACTT TATCATCCTGTGGAAAGCTTAATTGTATAGGCAGCA

NP2env ACTTCTGTGTCCTAAGAACNTCAATTGTTGGGCANTATTGCATAGCTATAGAAGGAANNAACTTCATCVTCCCTGTGGGAAGGTTCACCTGCCTTGGGNA
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4-1 aAAGTTGTATAACAGTACAACAAAGACAATTACTTGGTGGGGCATAAACCACACTGAAAAGAATCCATTTAGTAAATTG TCAAAATTAAAAACTGCTTGG

NP2env AAAC-TGTATAACAGCACAGTAAAAACAGCCATATGGTGGGGTTCAAACCACACTGAGAAAAATCTGTTAGTAAATTCCAAAGTTGCAAACCATGTGG
580 . 600 . 620 6640 . 660
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4-1 6CCATCAGATATCATAGGA ACTGGAsAAATGGCTGCCCGCTGGACTATACTGGATATAGTTGGGCACAGACCTACATTCGCTACCAGACTAAATAGGCGGCTA
NP2env ACCA^CTACAGAGTCCAATGGGACAATTGGACGCCTGCTGACTATGC^TGATATCAT-GCATACAGCCTACCACGATGNTCACCTGAAAACATGGGNGGTAC
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NP2env- NTTTG T CCCA TTAACCATCC TACNGCCCATCAAAACACTC
780 Bo80o 820 *840 *860

7640 7660 7680 7700 7720

880 900 *920 .940 .960

end of envcodian sequence ia clone 4-1
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IP2euv TGAACCCCCAGTTACATGCTCAACCAAATCATACAQTTACAAACTGTCTTAGAAATAATC
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FIG. 2. Sequence comparison of a portion of the env genes from clones 4-1 and NP-2. The NP-2 sequence was determined b h iex
technique (20). Bases 1 to 370 and 652 to 1020 were sequenced in one strand only. The 4-1 sequence is from a previous study (19). Sequence
alignment was performned by using NUCALN (28). The overall homology is 744 of 1,023 base pairs.

Both the NP-2 env gene and its homolog were detected in of NP-2 and the NP-2 env homolog to the Y chromosome, we
DNA from 25 of 26 males tested but not in DNA from any of tested DNA from a human-Chinese hamster somatic cell
the 20 females tested. This indicates that NP-2 and its hybrid in which the only human chromosome cytologically
homolog are almost certainly on the Y chromosome. The detectable is the Y chromosome (2, 21). Both sequences
one aberrant male DNA which did not contain env-reactive were detected in DNA from this hybrid (Fig. 3, lane 8) but
fragments came from a cell line from a 63-year-old patient were absent in hamster DNA (Fig. 3, lane 7). It should be
with Friedreich's ataxia. It is not known whether this cell noted that this somatic cell hybrid expresses a few human
line has lost the Y chromosome. To confirm the assignment isozymes, indicating that it must retain a small amount of
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DNA from human chromosome 14 and possibly chromo-
somes 4 and 12 (2, 21). However, in view of the independent
strong correlation of NP-2 sequences with sex, we conclude
with near certainty that both NP-2 and the NP-2 env
homolog are on the Y chromosome.
To learn more about NP-2 and its homolog, we used

hybridization probes derived from the region to the right of
the NP-2 env gene. The 2.3-kb EcoRI fragment located just
3' to NP-2 env gave a smear when hybridized to genomic
DNA and was found to contain Alu sequences. The next
EcoRI fragment (labeled b and flank in Fig. 1) was free of
highly repetitive sequences. In Southern blots of BamHI-
digested DNA, this fragment reacted with prominent 4.9-
and 9.6-kb fragments present in DNA from males but not
females (Fig. 4, lanes 1 and 2). A 4.9-kb env- and flank-
reactive fragment was expected from the NP-2 clone (Fig. 1).
The 9.6-kb fragment presumably represented a second Y
chromosome copy of the flank sequence. The NP-2 env
homolog also was contained in a 9.6-kb BamHI fragment
(Fig. 4, lanes 3 and 4). If this was the same 9.6-kb fragment,
then the sequence flanking the second Y chromosome copy
of the NP-2 env sequence is closely related to the sequence
flanking the cloned NP-2 provirus. Similar results were
obtained with HindIll, i.e., the NP-2 env and flanking probes
both hybridized to a 7.8-kb fragment believed to be derived
from the second NP-2 sequence on the Y chromosome (Fig.
4, lanes 5 through 8). Digestion with EcoRI, EcoRV, and
HpaI also resulted in fragments, believed to be derived from
the second NP-2 sequence on the Y chromosome, which
hybridized to both the NP-2 env and flanking probes (data
not shown). We conclude that the sequence flanking the
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FIG. 4. Southern blot hybridization of genomic DNA with NP-2
flank and env probes (fragments b and a, respectively, in Fig. 1).
Blot hybridizations were done as described in the legend to Fig. 3
except transfers were done bidirectionally and the membrane for
lanes 5 and 6 was washed at 57°C, whereas the other membranes
were washed at 65°C. Lanes 1, 2, 5, and 6, DNA from different
individuals, hybridized to the flank probe; lanes 3, 4, 7, and 8, sister
membranes hybridized to the env probe. The larger number of
fragments detected by the flank probe in lanes 5 and 6 than in lanes
1 and 2 may have been the result of washing at lower stringency. *,
Comigrating fragments detected with the flank and env probes,
believed to be derived from the NP-2 env homolog (see the text).
Fragment sizes in kilobases are indicated in the margins.
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FIG. 3. Blot hybridization of genomic DNA with the NP-2 env

probe (fragment a, Fig. 1). DNA (10 ,ug) was cut with the indicated
restriction enzyme, electrophoresed in 0.6% agarose, transferred to
nitrocellulose, hybridized to 32P-labeled probe in the presence of
dextran sulfate, and washed in 0.1x SSC-0.1% sodium dodecyl
sulfate at 65°C (8, 23, 26). Lanes 1 through 6, 9, and 10, DNA from
different individuals; lane 7, DNA from Chinese hamster; lane 8,
DNA from the Y chromosome-containing somatic cell hybrid 7631
(see the text). Fragment sizes in kilobases are indicated in the
margins.

NP-2 provirus is very closely related to the sequence
flanking the NP-2 env homolog.
The NP-2 flanking probe reacted with several male-

specific restriction fragments in addition to the fragment
containing the NP-2 env homolog (Fig. 4, lanes 1, 2, 5, and
6). This suggests that the Y chromosome contains more than
two copies of the flank sequence. In addition, the NP-2
flanking probe reacted with several restriction fragments
present in females as well as males (Fig. 4, lanes 1, 2, 5, and
6), indicating that homologous sequences are located on
chromosomes other than the Y chromosome.
We were interested in knowing whether the NP-2 provirus

was transcribed or whether it affected transcription of adja-
cent sequences. We did not detect mRNA homologous to the
NP-2 env or flanking probes in Northern blots of poly(A)+
RNA from a normal human testis (removed for therapy of
prostate carcinoma) or from lung, colon, or pancreatic
carcinomas from human males. The mRNA samples from
the last three sources contained sequences which reacted
with a clone 4-1 env probe (data not shown).
The NP-2 "family" of endogenous human retroviral se-

quences is unusual in that it contains only two members,
both located on the Y chromosome. To our knowledge, no
other human retroviral sequences have been mapped to the
Y chromosome (3, 4, 11, 13, 14, 24). In mice some retroviral
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sequences are known to be on the Y chromosome, but these
sequences are members of retroviral families which have
many copies scattered over the genome (17). The presence
of two copies of NP-2 sequences on the Y chromosome and
no copies elsewhere raised the question of whether these
sequences were in some functional way associated with
maleness. In mice there is a high level of expression of
retroviral sequences in the male germ tract (5, 10); however,
we did not detect expression of the NP-2 env gene in human
testicular mRNA. Although we cannot rule out expression of
NP-2 sequences in other male-specific tissues, we tend to
favor the view that the presence of two copies of NP-2 env
on the Y chromosome is a consequence of random integra-
tion of one provirus in the Y chromosome at some time in the
evolutionary past and subsequent duplication of these se-
quences on the same chromosome. The apparent conserva-
tion of DNA 3' to the NP-2 provirus and the NP-2 env
homolog suggests that the second Y chromosome copy of
this sequence arose by duplication of a segment of DNA
larger than the NP-2 provirus rather than by proviral rein-
sertion. A similar result has been found for DNA flanking
other endogenous retroviruses (22, 24), suggesting that am-
plification of retroviral sequences by gene duplication rather
than proviral reinsertion is not uncommon. Evolutionary
duplication or amplification of portions of the Y chromo-
some has been suggested by the finding that several Y
chromosome-specific sequences occur in two or more copies
in different regions on the Y chromosome (27). Comparative
study of NP-2-related sequences and flanking DNA in pri-
mates may provide insights into the evolutionary history of
the Y chromosome.
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DNAs, K. Smith for a gift of DNA from the somatic cell hybrid
7631, M. Cohen for a gift of human testicular mRNA, C. Buckler for
help with the sequence analysis, R. Rutledge and J. Chandler for
technical assistance, and S. Rosenfeld for editorial assistance.
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