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ABSTRACT We describe a 5- to 6-kilobase-pair repetitive
family in human DNA. One member of this family is linked to
the ,-globin gene cluster and is close to the 3' breakpoints of
three different naturally occurring deletions involving this
gene cluster. Sequence analysis indicates that this element in-
cludes terminal direct repeats of 415 base pairs that exhibit the
features of long terminal repeats (LTRs) of retroviruses. A po-
tential histidine tRNA primer binding site occurs just 3' to the
5' direct repeat. This retrovirus-like element interrupts a
member of the Kpn I family of repeated DNA and is bracketed
by a 5-base-pair directly repeated sequence. When attempts
are made to clone the element in bacteriophage, homologous
recombination between the LTR-like sequences is very fre-
quently observed. Copy number estimates by two methods in-
dicate that the element is repeated 800-1000 times in the hu-
man genome. We term this Homo sapiens family of retrovirus-
like elements having a histidine tRNA primer binding site the
hsRTVL-H family.

Endogenous retroviral sequences have been the subject of
considerable research over many years (1, 2), and their pos-
sible functions have been the cause of much speculation.
Retroviral proviruses have been found in the normal DNA of
a variety of species, but those found in chickens and mice
are by far the best characterized (1, 3). Some endogenous
proviruses can produce virus but others, such as the multi-
copy VL30 elements (4-6) and intracisternal A-type parti-
cles (IAPs) (7-11) in mice, have not been shown to produce
infectious virions and hence are usually called retrovirus-like
elements.
There have been many attempts to identify endogenous

proviruses in human DNA (12). The approach used most re-
cently to search for such sequences is that of DNA hybrid-
ization of known retroviral sequences to normal human
DNA. Using this method, several laboratories have detected
and cloned human retrovirus-like DNA (13-16). The best
characterized of these elements are homologous to Moloney
leukemia virus, contain long terminal repeats (LTRs), and
are present in multiple copies, some of which are transcribed
(17-19).
We report here the identification of a different human mul-

ticopy endogenous retrovirus-like element. Unlike the se-
quences previously described, this element was not detected
by nucleic acid hybridization to viral probes. Rather it was
discovered during attempts to clone and analyze a region of
DNA involved in three naturally occurring deletions in the
human &-globin gene cluster. These three deletions are those
that cause hereditary persistence of fetal hemoglobin
(HPFHI) type 1 and type 2 (20, 21), and a particular txpe of
thalassemia found in a Chinese individual, Ch-_y+(ly8O)
thalassemia (22). The 5' breakpoints of these three deletions
all lie between the fetal Ay gene and the adult 8 gene. Their 3'
breakpoints, although relatively close to each other, are lo-

cated at least 60 kilobase pairs (kbp) downstream of the adult
f3-globin gene (refs. 20 and 21; unpublished data). (The terms
5' and 3' are assigned with respect to globin transcription.) It
is in the region of the 3' breakpoints of these deletions that
we have found the retrovirus-like element.

MATERIALS AND METHODS

Sources. Human DNA was isolated from cultured normal
human embryonic fibroblasts (563 from Robert DeMars).
The Kpn I family probes, pCa4A-10 and pCa4A-12, repre-
sent two halves of a long Kpn I family member and were
kindly provided by Maxine Singer.
Phage Cloning. The Xba I library was constructed by iso-

lating the 9- to 18-kbp fragments of a complete Xba I digest
of human DNA by preparative agarose gel electrophoresis
and ligating these fragments into Xba I arms ofDNA from X
phage Charon 35 (23). The ligated DNA was then packaged
in vitro (24). The size-selected HindIII, EcoRI, and Sst I li-
braries mentioned in the text were constructed by digesting
human DNA to completion with the appropriate restriction
enzyme, isolating the 8- to 10-kbp HindIll fragments, the 4-
to 6-kbp EcoRI fragments, and the 5- to 7-kbp Sst I frag-
ments and ligating them into DNA of phages Charon 30 (25),
Charon 3AAlac (26), or Charon 35, respectively. In all cases
the phages packaged in vitro were screened without amplifi-
cation.

Hybridizations. All probes (1-8 in Fig. 1) were DNA frag-
ments isolated from plasmid subclones of the region. Unless
otherwise noted, all hybridizations were done as previously
described (21) under standard conditions: 680C and at salt
concentrations of 3x standard saline/citrate (1x is 0.15 M
NaCl/0.015 M sodium citrate) for genomic DNA and 6x
standard saline/citrate for cloned DNA. When probe 1 was
used, a final post-hybridization wash at 680C in 0.6x stan-
dard saline/citrate was done. For low-stringency hybridiza-
tions, the temperature was lowered to 450C and post-hybrid-
ization washes were at successively higher temperatures
with 60C increments up to 630C.
For the dot blotting experiments, human DNA fragments

and linearized plasmid DNA containing the probe sequence
were denatured for 10 min in 0.4 M NaOH. Serial dilutions of
these DNAs in 1 M ammonium acetate/0.2 M NaOH/0.1 mg
of tRNA per ml were then dotted onto nitrocellulose, using a
96-well microsample filtration manifold. Hybridizations
were done under standard conditions.
DNA Sequencing and Analysis. DNA sequencing was by

the Maxam-Gilbert method (27) with modifications (28).
Most of the region shown in Fig. 3 was sequenced on both
strands and the remainder (bases 10-55 and 370-415 of the 5'
sequence and bases 45-90 and 358-415 of the 3' sequence)
was sequenced three times on the same strand.

Abbreviations: bp, base pair(s); HPFH, hereditary persistence of
fetal hemoglobin; hs, Homo sapiens; RTVL-H, retrovirus-like ele-
ment with a histidine tRNA primer binding site; LTR, long terminal
repeat.

7510

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertisement"
in accordance with 18 U.S.C. §1734 solely to indicate this fact.



Proc. Natl. Acad. Sci. USA 81 (1984) 7511

RESULTS

A Repetitive Element Linked to the Human j3-Globin Gene
Cluster. We have been investigating a region ofDNA at least
60 kbp 3' to the adult human f-globin gene. This region has
been shown to contain the 3' breakpoints of two deletions of
unknown size that cause HPFH (20, 21). Genomic mapping
data have indicated that the 3' endpoint of a third deletion
causing ChGy+(AYI6,3) thalassemia (22) is close to the end-
points of the HPFH deletions (unpublished data). During at-
tempts to confirm this relationship by DNA cloning experi-
ments, we found that we could not obtain clones that com-
pletely spanned the region between the 3' endpoint of the
Chinese thalassemia deletion and the endpoints of the two
other deletions. A restriction enzyme map of the region of
interest, including the uncloned region, is shown in Fig. 1.
Bacteriophage clones isolated from the region are also
shown. During our cloning experiments and analysis of the
region, we isolated several DNA fragments, indicated in Fig.
1 as probes 1-8, to use as probes. With the exception of
probe 1, all fragments contained repetitive DNA that re-
duced their usefulness as unique probes for the region. How-
ever,. the characterization of these repetitive probes led to
the identification of the repetitive element, RTVL-H.
The initial indication of a repetitive sequence in the region

was seen when Southern transfers of genomic DNA were

hybridized to probe 3. Fig. 2 shows that prominent bands too
strong for single-copy DNA were observed. The most strik-
ing of these was an EcoRI band of 950 bp. Bands as large as
5.8 kbp (HindIII) and 5.9 kbp (Bgl II) were also seen. No
prominent bands greater than 6 kbp were evident. Hybrid-
ization ofprobe 4 to genomic DNA gave the same patterns as
when probe 3 was used (data not shown). Probe 5, isolated
from phage N32E14, unexpectedly hybridized to the phage
ChT-1 (see Fig. 1), as did probe 7 (weakly) (data not shown).
However, probes 3, 4, and 8 did not. Restriction enzyme
mapping localized the hybridizing region in ChT-1 to a 500-
bp Stu I/Mst II fragment (Fig. 1). DNA sequence analysis,
presented below, shows that the regions corresponding to
probe 5 and to the Stu I/Mst II fragment of ChT-1 form di-
rect repeats of 415 bp (indicated by the arrows in Fig. 1).
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FIG. 2. Autoradiograph of a
Southern transfer of normal human
DNA digested with various restric-
tion enzymes and hybridized to probe
3. The enzyme abbreviations above

4 each lane are the same as in Fig. 1.
After hybridization, the filters were
washed in 3x standard saline/citrate
for 3 hr at 680C and exposed to x-ray
film with an intensifying screen for
2.5 hr.

Mapping studies show that the direct repeats are 5.5 to 6.0
kbp apart. These results indicate that a repetitive element of
close to 6 kbp is located in the region and that this element
includes flanking direct repeats.
Other Copies of the Repetitive Element. To gain further evi-

dence that the DNA on both sides of the uncloned region
shown in Fig. 1 is part of the same repetitive unit, we
screened a human library containing 9- to 18-kbp Xba I in-
serts in Charon 35 with probes 2, 3, and 6. This phage library
was plated on a recA derivative of Escherichia coli strain
K802 and nitrocellulose replicas of each plate, containing a
total of 2.4 x 104 plaques, were hybridized to the three
probes. The results showed several interesting correlations.
First, we found that 137 phages hybridized to either probe 2
or 3, and 71 of these hybridized to both probes. This demon-
strates that DNA sequences homologous to these two probes
are part of a repetitive unit. Second, we found that all 137
phages hybridizing to probes 2 or 3 also hybridized to the
probe for the direct repeat (probe 6), indicating that se-
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FIG. 1. Restriciion enzyme map of a region of DNA -60 kbp 3' to the human ,-globin gene. The map was derived from genomic mapping
and maps of phage clones. The insert of phage ChT-1 was isolated from an individual with Ch-Gy+(AycI)O thalassemia and includes some DNA,

shown by the broken line, from the 5' side of the deletion junction in the Ay globin gene. The 11-kbp EcoRI insert of phage N32E14 was isolated
from a normal individual. Phage N3OHdel-1 is described later in the text. The large open box and the horizontal arrows within it show the
location of the repetitive element and its direct repeats described in the text. The small numbered boxes show the locations of sequences used to
make probe's 1-8. Fragments 1 and 2 were isolated from phage ChT-1 and fragments 3-8 were isolated from plhage N32E14. The vertical arrows
mark the locations of the 3' breakpoints of the deletions associated with ChGy+(Ay8,3)0 thalassemia, I-PFH-1, and HPFH-2 (refs. 20-22;
unpublished data). B, BamHI; Bg, BgI II; E, EcoRI; H, HindllI; M, AMst II; P, Pst I; S, Sst I; St, Stu 1; X, Xba IP Xh, Xho I. Only those Mst II,

Pst I, and Stu I Sites that are the ends of DNA fragments used as probes are shown.
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quences from between the direct repeats illustrated in Fig. 1
(probes 2 and 3) are always associated with a sequence ho-
mologous to the direct repeat. Third, we found that 46% of
the clones hybridizing to probe 6 (119/256) did not hybridize
to either probe 2 or 3. Whether any of these clones represent
solitary copies of the direct repeat present in genomic DNA
remains to be determined.

Instability of the Repetitive Element During Cloning. As
was mentioned above, we were unable to obtain individual
clones that completely span the region shown in Fig. 1. Nu-
merous cloning strategies included using probe 1 to screen
partial Sau3A and partial EcoRI phage libraries as well as
libraries enriched for particular sizes of completely digested
DNA fragments. These libraries were screened on E. coli
strains K802 (recA+), DH-1 (recA-), and JC9387 (recBC-,
sbcB-) (29) without success. Thus, the DNA in this region
may be susceptible to deletion or rearrangement during clon-
ing experiments even in bacterial strains with impaired re-
combinational systems.
We were able to show in the following way that deletion

between the direct repeats in this region is a major factor
contributing to this failure to obtain unaltered clones. Using
probe 1, we screened 1.2 x 106 phages from a Charon 30
library containing 8- to 10-kbp HindIII fragments of com-
pletely digested DNA for the 9.2-kbp HindIII fragment span-
ning the uncloned region (see Fig. 1). (This fragment had
been sized by genomic mapping with probe 1.) We obtained
three clones, typified by phage N3OHdel-1, that have insert
lengths of 3.4 kbp. This observation suggests that the cloned
9.2-kbp genomic fragment has suffered a deletion of 5.8 kbp
ofDNA between the direct repeats during growth in E. coli.
We have confirmed this interpretation by DNA sequence
analysis of N3OHdel-1 (unpublished data). Deletions ofDNA
between the direct repeats also occur in clones of other
copies of the repetitive element (unpublished observations).
Once the direct repeats had been identified as factors in
cloning the region we constructed libraries to screen for the
6-kbp Sst I and the 5-kbp EcoRI fragments from the region
(Fig. 1) on the assumption that they might be easier to clone
because they do not include both direct repeats. However,
we were unable to isolate either fragment.

Nucleotide Sequences of the Direct Repeats. The sequences
of the direct repeats shown in Fig. 1 are presented in Fig. 3a.
The 5' and 3' copies of the direct repeats are 95% identical
over 415 bp. (5' and 3' are assigned relative to the direction
of globin transcription.) These direct repeats contain several
features characteristic of LTRs of retroviruses (reviewed in
ref. 31) and we will subsequently refer to them as LTRs. The
putative regulatory sequences T-A-T-A-A-A and A-A-T-A-
A-A are found in the 3' half of most LTRs and are found in
our LTRs at positions 279 and 351 (underlined in Fig. 3a). In

mammalian LTRs, the poly(A) addition site (C-A) is typical-
ly located 15-21 bp 3' to the sequence A-A-T-A-A-A (31,
32). In our LTRs the dinucleotide C-A is found twice within
this distance at positions 372 and 374 (Fig. 3a). All integrated
LTRs of retroviruses known to be still infectious that have
been sequenced begin with T-G and end with C-A, with
these nucleotides being part of a short inverted repeat. Our
repeats begin with T-G but end with A-A. These dinucleo-
tides are part of a pair of 5-bp inverted repeats with one mis-
match. Deviation from the "T-G-C-A" rule applicable to in-
fectious retroviruses has also been seen in the LTRs of a
previously described class of human retrovirus-like se-
quences (19). Several murine retroviruses contain a duplicat-
ed sequence in the 5' half (within U3) of the LTR (32). Our
LTRs contain repeats of 31 bp (29/31 matches) in the 5' por-
tion (overlined in Fig. 3a). There are also two different 10-bp
sequences, present in two copies.

Several features of the sequences flanking the LTRs are
characteristic of integrated proviruses and these are shown in
Fig. 3b. When retroviruses integrate, a host cell sequence of4-
6 bp is duplicated and flanks the integrated provirus. We ob-
serve the sequence C-T-G-A-A just 5' to the 5' copy of the
LTR and just 3' to the 3' copy (Fig. 3b). An unintegrated LTR
begins with A-A and ends with T-T (31). During integration,
the A-A preceding the 5' LTR and the T-T following the 3'
LTR are lost. This leaves an unpaired A-A in front of the 3'
copy and an unpaired T-T following the 5' copy. These dinu-
cleotides are seen in the expected positions in our sequence
(Fig. 3b). For reasons that become apparent below, we feel
that the A-A preceding the 5' copy of the LTR is part of the
cellular direct repeat, C-T-G-A-A, and not part of the LTR.
One of the most distinctive features of retroviruses is the

occurrence just outside the 3' boundary of the 5' LTR (after
the T-T) of a sequence, usually 18 bp in length, that is com-
plementary to the 3' end of a tRNA. This sequence binds to
the 3' end of a specific tRNA which then serves as a primer
for the synthesis of the first (minus) strand of viral DNA. At
the expected position in our sequence we find an 18-bp se-
quence that is complementary (17/18 matches) to the 3' end
of a human histidine tRNA (Fib. 3b). Another feature of ret-
roviruses is a short (10-20 nucleotides) polypurine tract that
occurs just 5' to the 3' LTR and appears to serve as a primer
binding site for synthesis of plus-strand DNA. In our case,
we have a polypurine stretch of 13 nucleotides that is inter-
rupted by a single C (Fig. 3b).
These numerous sequence features strongly suggest that

the 5- to 6-kbp repetitive unit described here is an endoge-
nous Homo sapiens retrovirus-like (hsRTVL) element. In
view of its histidine tRNA binding site, we propose to desig-
nate it as hsRTVL-H or as RTVL-H when the human con-
text is self-evident.

TGTCA66CCTCT6A6CCCAA6CTAAGCCATCAT6TCCCCTGT6ACCT6CATATACACATACAGAT66CCA6TTTCT6CCTTAACT6AT6ACAT1
66 C

CAAAAr6AA66AAAAT66CCT6TTCCT6CCTTAACT6ATGACATT6TCTT6T6AAATTCCTTCTCCT66tTCATCCT66CTCAAAA6CTCCCC
6

CACCTTGTi*CCCCCACTCC-TCCTGCCi6A6***AACCCCC'TTT6ACT6TAATTTTCCTTTACCTACCCAAATC TiT7'AACGC CCCA
C C AAC A

CTCCCTTTGCT6ACTCTCTTTTT66ACTCAGCCT6CCTGCACCCA66T6tAAAIAACA6CCTT6TT6CTTACACAAA6CCTGTTT66TAGTCTI
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TCCACCi 100 FIG. 3. (a) Nucleotide sequence
of the direct repeats shown in Fig. 1.
The entire sequence of the 5' repeat

TACTGA6 200 is shown on the top line. Dots indi-
cate every 10th nucleotide. Positions
where the 3' repeat differs are shown

,CTCCTAT 3W
below each line. Gaps introduced for
alignment are indicated with aster-

CTTCAT; 400 isks. The solid, broken, and wavy
C overlines show the three short direct-

ly repeated sequences within the
LTR. Two possible control signals
are underlined. (b) Retrovirus-like
features associated with the direct re.
peats. The boxes represent the direct
repeats. The underlined 18-bp se-
quence is complementary to the 3'
end of a human histidine tRNA (30).
The one mismatch with the tRNA is
marked with an asterisk.
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The RTVL-H Element Interrupts a Kpn I Repeat. In the
course of analyzing the DNA around the deletion breakpoint
of HPFH-2 (Fig. 1), we observed that the DNA 3' to the
RTVL-H element shown in Fig. 1 is part of the Kpn I family
of repetitive DNA (unpublished data). Kpn I family members
are heterogeneous in length and occur on the order of104
times throughout the human genome (reviewed in ref. 33).
Full-length Kpn I repeats in humans contain a conserved
HindIII fragment of 1.9 kbp (34). When the sequence of one
of these repeated HindIII fragments (35) is compared to se-
quences around the RTVL-H element a striking result is
seen (Fig. 4). Although there is considerable sequence diver-
gence, homology between the Kpn I repeat sequence and
sequences on both sides of the RTVL-H element is evident
from the broken line extending diagonally through the plot.
This homology is abruptly interrupted by the retrovirus-like
element at position 988 of the 1.9-kbp HindIl repeat. The
pentanucleotide C-T-G-A-A that is repeated on either side of
the RTVL-H element is present as a single copy in the Kpn I
repeat sequence at the point of interruption. This observa-
tion is further evidence that the sequence C-T-G-A-A is the
genomic sequence that was duplicated upon integration of
the RTVL-H element.
The possible association of other RTVL-H elements with

Kpn I family members was checked by screening phages
from the Charon 35 Xba I library with both the RTVL-H
LTR probe (probe 6) and Kpn I family probes. Under our
hybridization conditions, 9% (18/196) of the LTR-containing
phages hybridized to Kpn I family probes, but approximately
15% of all phages hybridized to the same Kpn I family
probes. Thus, the 9% level is probably due to chance associ-
ations between the two repeat families. Because the Kpn I
family sequences adjacent to the RTVL-H element may be
somewhat divergent from the Kpn I family probes used, we
also hybridized probes 1 and 8 (the Kpn I family sequences
flanking the RTVL-H element) at low stringency to over 50
clones containing RTVL-H LTR sequences as judged by hy-
bridization to probe 6. No evidence was found that the
RTVL-H LTRs are generally linked to these particular Kpn I
family sequences.
Although a portion of fragment 1 is homologous to a Kpn I

family sequence, this homology does not prevent the use of
this fragment as a single-copy probe when a stringent post-
hybridization wash is employed (see Materials and Meth-
ods).
Number of RTVL-H Elements in the Human Genome. We

estimated the copy number of the RTVL-H element by two
methods. Dot blotting experiments compared the hybridiza-
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FIG. 4. Comparison of a Kpn I repeat sequence to the sequences

surrounding and including the LTRs. The sequences were compared
by a dot matrix program (36), and each dot represents 13 or more

identities per 20 nucleotides. The vertical axis corresponds to a por-

tion of the human 1.9-kbp HindIII repeat (a Kpn I family member)
(35) and the numbering is as in ref. 35. The horizontal axis corre-

sponds to the sequences of both LTRs, indicated by horizontal ar-

rows, and their flanking sequences. Approximately 5 kbp of DNA
sequence between the LTRs is not shown.

tion of probe 6 (LTR) or probe 3 (interior sequence) with
different amounts of total human DNA to their hybridization
with different amounts of the DNA sequences corresponding
to the probes. The copy numbers obtained from two separate
dot blotting experiments were 1050 and 1300 for interior se-
quences (probe 3) and 2600 and 3000 for the LTR sequence
(probe 6). We also estimated copy number by measuring the
fraction of phage plaques of the human Xba I library that
hybridized to the two probes and calculating from this the
number that would hybridize in 2 x 105 phages (the number
of phages with an average insert of 14 kbp needed to cover
the whole genome of 2.9 x 109 bp). Probe 3 hybridized to
0.43% of the phages and probe 6 hybridized to 1.06%. These
results indicate a copy number of 860 for interior sequences
and 2100 for LTR sequences. The plaque hybridization esti-
mate for RTVL-H LTR sequences could be low because all
positive phages were scored as containing one LTR even
though many might have contained two. The plaque hybrid-
ization estimate for interior sequences might also be low due
to the tendency of RTVL-H elements to delete between
LTRs in phage. However, because the plaque hybridization
estimate agrees reasonably well with the dot blotting esti-
mate we probably have not missed a large proportion of ele-
ments by using this unamplified phage library.

DISCUSSION
We have described a 5- to 6-kbp repetitive sequence in hu-
man DNA that has several properties of a retrovirus-like ele-
ment. This element has terminal LTR-like direct repeats and
contains a polypurine tract and a potential histidine tRNA
primer binding site in the expected positions. The possible
use of histidine tRNA as a primer has not been reported pre-
viously, as other retroviruses and retrovirus-like elements
have primer binding sites that are homologous to proline,
tryptophan, lysine, phenylalanine, glycine, or glutamic acid
tRNAs (8, 10, 11, 19, 32). For this reason we have designated
the element as RTVL-H, H representing histidine. This des-
ignation distinguishes the family from the human retrovirus-
like family described previously (19).
We have screened 25 unrelated humans (16 White, 6

Black, and 3 Oriental) by genomic mapping for the presence
of the element in the position shown in Fig. 1, and all 50 of
their chromosomes 11 contained the RTVL-H element in
that location. Thus, this copy appears to have integrated into
the genome in its present location prior to the divergence of
human races. This conclusion is consistent with the finding
of 4.5% differences (19/415) between the 5' and 3' LTR. If
the LTRs have diverged at a rate similar to that of noncoding
DNA [estimated at 1% differences per 2 million years (38)],
then this RTVL-H element may have integrated approxi-
mately 9 million years ago.
The retrovirus-like element described here is unstable in

phage when propagated in a variety of strains of E. coli. This
is perhaps not unexpected because difficulty in cloning some
other retroviral sequences in phage because of homologous
recombination between the LTRs has been reported (39-41).
Deletions due to recombination between LTRs have not
been reported when proviruses are grown in plasmid vectors
on recA- hosts (42). Preliminary efforts to use plasmid vec-
tors to obtain stable copies of the RTVL-H element have
thus far been unsuccessful (unpublished observations).
We performed computer searches for homology between

the RTVL-H LTR sequence and LTRs of known retrovirus-
es, but we found no strong homology. This search included
all the LTR sequences in the GenBank and European Molec-
ular Biology Laboratory sequence libraries as of April 1984
as well as others more recently published. Among those ex-
amined were the LTRs of human T-cell leukemia virus type I
(43) and type 11 (44) and the multicopy mouse intracisternal

Genetics: Mager and Henthom
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A-type particles (IAPs) (9-11) and VL30 elements (5, 6). We
also found no homology between the RTVL-H LTR and the
LTRs of the human multicopy retrovirus-like elements de-
scribed by Martin and co-workers (19) or the human low-
copy element described by Bonner et al. (14). The 31-bp re-
peat within the RTVL-H LTR (Fig. 3a) was also compared
specifically to the 60- to 100-bp repeats found in many mouse
LTRs (31, 45). The longest stretch of identity found was be-
tween the 31-bp repeat and the Moloney sarcoma virus 72-bp
repeat (45). They share the sequence G-T-T-C-C-T-G-C-C,
found in positions 71-79 and 122-130 in the RTVL-H LTR.
Although the significance of this small region of homology is
difficult to assess, it is interesting that this 9-bp sequence
occurs just 3' to the "core" enhancer sequence, T-G-G-T-A-
A-G, in the Moloney sarcoma virus 72-bp repeat (37).

Interestingly, both the RTVL-H element (Fig. 2) and the
human endogenous retrovirus described by Martin's group
(13, 17) contain an internal conserved EcoRI fragment of
about 1 kbp. This similarity, however, is probably coinciden-
tal, because hybridization analysis has indicated that the in-
ternal sequences of these two classes of elements are not
closely related (unpublished data; M. A. Martin, personal
communication).
The RTVL-H element near the 8-globin gene cluster that

we analyzed here is positioned within a Kpn I repeat. We
have also noticed that the 3' flanking DNA of one of the
human proviral elements described by Martin's group (clone
4-1) is part of a Kpn I repeat as judged by sequence data
presented by that group (19). Martin and co-workers have
shown that many of their retrovirus-like elements have
flanking DNAs that cross-hybridize with each other. These
three observations led us to analyze different clones contain-
ing RTVL-H sequences for a generalized association of the
RTVL-H elements with Kpn I repeats. No such association
was detectable by hybridization experiments.
The detection of different repetitive retrovirus-related se-

quences by hybridization analysis has led to the suggestion
that several classes of such sequences may exist in human
DNA (16, 19). The identification of the hsRTVL-H family
supports this suggestion and raises the distinct possibility
that other families of retrovirus-like elements, not necessari-
ly detectable by hybridization to available viral probes, may
exist in humans.
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