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ABSTRACT  We have isolated eight cDNA clones comple-
mentary to the human Kpn I repeat and determined the base se-
quence of three. We have also determined a portion of the base
sequences of three human Kpn I family members. The three cDNA
sequences are extensively homologous with the 3’ ends of the three
genomic Kpn I family members and with a simian Kpn I family
member recently described [Thayer, R. E. & Singer, M. F. (1983)
Mol. Cell. Biol. 6, 967-973]. The genomic repeats terminate in

regions of sequence rich in JAMP residues close to sequences at-

the 3’ ends of the cDNA clones; a precise 3’-terminal nucleotide.

cannot be distinguished. These structural features are consistent
with the dispersal of at least some Kpn I family members by entry
into genomic DNA of copies of Kpn I RNA transcripts. Each cDNA
contains a long poly(dAMP) homopolymer at its 3’ end and either
one or two A-A-T-A-A-A polyadenylylation signal sequences up-
stream from it, suggesting that Kpn I family members may be
transcribed by RNA polymerase II.

Eukaryotic DNAs contain sequence-related families of dis-
persed repeats, many of which have been suggested to be mo-
bile DNA elements. The Alu family is the most extensively
studied dispersed repeat sequence in mammalian DNA (1). Its
members comprise =5% of the mammalian genome. Current
evidence suggests that Alu family members disperse through-
out mammalian DNA by a transposition-like mechanism. How-
ever, this mechanism must differ in detail from that by which
most other known eukaryotic mobile DNA elements disperse.
Those elements—which include the copia and copia-like ele-
ments (2, 3), the fold-back elements (4), and the P elements (5),
all in Drosophila, the Tyl elements of yeast (6), and pro-retro-
viruses of birds and mammals (7)—have symmetrical ends that
are believed to be important for transposition. The ends of Alu
family members are not symmetrical. Instead, their 3’ ends have
regions of dAMP-rich sequence that are unrelated to the DNA
sequence of their 5’ ends (1, 8). In addition, whereas Alu family
members are flanked by sequences of target-site duplication of
between 7 and 20 base pairs (bp), most other known eukaryotic
mobile DNA elements are flanked by target-site duplication
sequences of 4 or 5 bp (8).

Other DNA elements have ends that resemble those of Alu
family members. It has recently been demonstrated that DNA
copies of intronless mRNAs that are present in some eukaryotic
DNAs (9-12) and the F element, a newly characterized mobile
DNA element of Drosophila, have ends that resemble those of
Alu family members (13, 14). Presumably these DNA elements
entered chromosomal DNA by a mechanism similar or identical
to that which dispersed the Alu sequence. Comparisons of the

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

6533

structure of Alu family members with RNAs transcribed from
them suggested that these RNAs might be intermediates in the
transposition mechanism (15, 16). Likewise, DNA sequence
analyses suggest that mRNAs serve as intermediates in the en-
try of intronless genes into chromosomal DNA (9-12). This
mechanism is thought to include the synthesis of a DNA copy
of the RNA.

Previously we reported the identification of RNAs comple-
mentary to a long-dispersed repetitious sequence family of hu-
man DNA that is not related by sequence to the Alu family (17)
and that has been termed the Kpn I family (18). Human (HeLa
cell) DNA contains approximately 3 X 10*-4.5 x 10* copies of
this repeated sequence, which shows extensive restriction en-
zyme fragment-length polymorphism. A line of cultured hu-
man leukemia cells (Jurkat cells) contains both discrete and het-
erogeneously sized high molecular weight RNAs complementary
to the Kpn I repeat sequence. Such RNA sequences comprise
~1% of heterogeneous nuclear RNA and =~0.04% of cytoplas-
mic RNA in these cells (17). Some of the discretely sized cy-
toplasmic RNAs are poly(A)-terminated, but little if any such
RNA could be demonstrated in polyribosomes.

We wished to determine whether Kpn I complementary RNAs
might be intermediates in the dispersal of Kpn I family mem-
bers to new chromosomal locations and, in particular, whether
the 3’ ends, as defined by the direction of transcription, of ge-
nomic Kpn I family members might be coterminal with their
complementary cellular RNAs. To examine this possibility cDNA
clones complementary to a genomic Kpn I family member were
isolated and the DNA sequences of three such clones were
compared with those at the 3’ end of three genomic Kpn I fam-
ily members. We report here that the three genomic clones share
extensive nucleotide sequence homology with one another and
with the cDNA clones at their respective 3’ ends. The shared
sequences extend into a dAMP-rich sequence present in the
genomic copies, at which point two of the cDNA clones end
within 50 bases of one another at different positions. The se-
quence homology among the three genomic clones degenerates
within the dJAMP-rich sequence, and little or no homology can
be found beyond it for the =200 bp of DNA sequence we have
determined. Recently Thayer and Singer (19) reported the base
sequence of a short (ca. 800 bp) simian Kpn I family member
enbedded in a-satellite sequence. It is flanked by a 14-bp tar-
get-site duplication that delimits its ends. The sequence of its
3’ end is extensively homologous to the sequences at the 3 ends
of the Kpn I cDNAs and to the three human genomic Kpn I
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family members we report here. It ends in a dAMP-rich se-
quence, at approximately the same position. where the se-
quence homology among the three human genomic Kpn I fam-
ily members degenerates.

MATERIALS AND METHODS

Materials. Recombinant A phages bearing human genomic
DNA inserts of ~10-15 kilobase pairs (kbp) were the gift of A.

Bank and colleagues (Columbia University). A cDNA library -

prepared from poly(A)-terminated cytoplasmic-RNA from pri-
mary human fibroblast cells was the gift of H. Okayama and P.
Berg (Stanford University). The cDNA clones discussed here
have been designated pcD-Kpnl-n, in which “pcD” refers to
the original name given to the vector by Okayama and Berg

(20), “Kpnl” indicates the cDNA insert complementary to the -

human Kpn I repeat sequence family, and “n” is our isolation
number. The genomic clones have been designated lg-KpnI-n,
in which “Ig” indicates genomic clones in a A phage DNA vec-
tor. Kpnl and n have the same meaning as for the cDNA clones.
One genomic clone, lg-Kpnl-7, was previously designated by
the name LC7 (17). The name has been changed here to more
accurately reflect its content of a Kpn I family member.

Methods. cDNA clones were screened for hybridization with
%2P_labeled DNA probe by the method of Hanahan and Me-
selson (21). Recombinant A phages containing human genomic
DNA inserts were screened by the method of Benton and Davis
(22). DNA fragments were separated and transferred to nitro-
cellulose sheets as described by Southern (23) and hybridized
with 32P-labeled RNA probes as described (17). DNA nucleo-
tide sequences were determined by the method of Maxam and
Gilbert (24).

RESULTS

cDNA Clones Complementary to the Human Kpn I Repeat.
Initially we identified a human genomic clone containing se-
quences complementary to the Kpn I family of dispersed re-
peats and demonstrated that cultured human cells contained
discretely sized and heterogeneous high molecular weight RNAs
complementary to it. The E4 fragment of that clone (see map
in Fig. 1) was used as a hybridization probe to screen a cDNA
library prepared from human primary fibroblast cells. Approx-
imately 2 X 10° clones were screened, resulting in the iden-
tification of 8 clones that hybridized. The DNA of each of the
plasmid clones was digested with restriction endonuclease Xho
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Fi6. 1. Map of EcoRI-generated DNA fragments from clone lg-Kpnl-
7 indicating the position of determined DNA base sequences. The down-
ward arrows indicate positions of EcoRI cleavage sites. The EcoRI-gen-
erated DNA fragments are labeled E1-E5. Their order was determined
previously (17). The horizontal arrows indicate the positions of DNA
sequences determined and compared in Fig. 4. The arrows above the
map indicate the positions, with respect to the DNA sequences deter-
mined from clone lg-Kpnl-7, of the DNA sequences determined from
cDNA clones peD-Kpni-3 and pcD-Kpnl-4. The arrows below the map
indicate the positions of corresponding DNA sequences determined from
genomic clones 1g-KpnI-83 and 1g-Kpnl-84. The direction of the arrows
indicates the direction of transcription as determined from the base se-
quence of the cDNA clones. KB, kilobases.
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I, which released the cloned insert DNA from the vector. The
inserts range in size from approximately 0.85 to 2.5 kbp and can
be grouped into four size classes as seen in Fig. 2. Although the
cDNA library from which these eight clones were isolated was
constructed to contain full-length cDNA copies of mRNAs, we
currently have no way of knowing whether any of the eight clones
is full length. We also do not yet know whether individual
members of the same size class of inserts are different or merely
multiple isolates of the same clone. In one size group that con-
tains four members—pcD-KpnlI-4, pcD-Kpnl-5, pcD-Kpnl-6,
and pcD-KpnI-7—two of the members, pcD-KpnI-6 and pcD-
Kpnl-7, have inserts that are indistinguishable in size, whereas
peD-KpnlI-4 and peD-Kpnl-5 have inserts that differ slightly in
size from each other and from the other two. We assume, but
have not yet proven, there are at least three different inserts
in these four clones.

The cDNA Clones Are Derived Completely from Kpn I Se-
quences. Some mRNA molecules contain short repetitious se-
quences, although the coding regions of these mRNAs are non-
repetitious (25, 26). To determine whether the cDNA clones we
isolated are completely derived from the repetitious Kpn I fam-
ily sequence, the DNA inserts from the longest and one mem-
ber of the next longest group of clones, pcD-KpnI-8 and peD-
Kpnl-4, were cleaved with restriction enzymes, separated on
an agarose gel, blotted to nitrocellulose, and hybridized with
a combination of **P-labeled E2, E4, and E5 (see Fig. 1) DNA
fragments from clone lg-Kpnl-7, all of which contain Kpn I DNA
sequences. All fragments from the two ¢cDNA clones hybrid-
ized with the probe DNA (Fig. 3). Most importantly, the 700-
bp fragment from the 5’ end of pcD-KpnlI-8, the longest cDNA
clone, hybridized, indicating it contains sequences comple-
mentary to the Kpn I repeat. The smallest fragment from peD-
Kpnl-8, which contains the 3’ end of the clone, hybridized
weakly. Base sequence analysis (see below and Fig. 4) dem-
onstrated that the majority of this fragment extends =300 bp
beyond the 3' end of the Kpn I family member of genomic clone
lg-KpnlI-7 and thus is expected to hybridize only weakly with
sequences from lg-KpnI-7. We conclude that the entire cDNA
insert in each of these two clones is derived from sequences of
the Kpn I repeat. These results strengthen our previous sug-
gestion (17) that except for the 3'-terminal poly(A), some high
molecular weight, poly(A)-terminated, cytoplasmic RNAs from
cultured human cells are derived exclusively from the Kpn I
dispersed-repeat family sequence. Therefore, at least some
members of this family must serve as RNA transcription units.
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F16. 2. Size comparison of cDNA inserts in eight clones containing
Kpn 1 sequences. The inserts from eight Kpn I-complementary recom-
binant plasmids were released by digestion with Xko I and were sep-
arated in an agarose gel. The vector fragment released by the digestion
is =~2.8 kilobases (kb) long. Each insert has 168 bp of simian virus 40
sequence at its 5’ end and 38 bp at its 3’ end. The sizes of three of the
inserts whose base sequence have been determined are indicated.
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Fic. 3. Hybridization analysis of regions of the two longest cDNA
clones to sequences in genomic clone 1g-Kpnl-7. (Upper) Map of the re-
striction endonucleases used to cleave the cDNA inserts released from
clones pcD-Kpnl-4 (indicated as 4) and pcD-KpnI-8 (indicated as 8) by
Xho L. Each insert was cleaved into three fragments that were sepa-
rated by electrophoresis in an agarose gel. (Lower Right) Ethidium bro-
mide fluorescence pattern of the fragments from each of the cleaved
insert DNAs. The sizes of some of the fragments are given to an ac-
curacy of 1 bp. (Lower Left) Radioautogram of the agarose gel after blot-
ting to nitrocellulose and hybridization with a combination of nick-
translated DNA fragments E2, E4, and E5 from genomic clone 1g-KpnlI-
7. Asterisks indicate bands that are not visible in the fluorescence pho-
tograph but are visible in the radicautogram and resulted from incom-
plete restriction enzyme digestion.

Identification of the 3’ Ends of Genomic Kpn I Family
Members. To determine which DNA strand of the Kpn I repeat
is transcribed and to map the 3' ends of RNA molecules onto
Kpn 1 genomic sequences we first determined the nucleotide
sequence of three of the cDNA clones, pcD-Kpnl-3, pcD-Kpnl-
4, and pcD-KpnI-8. We also reasoned that the 3’ ends of ge-
nomic Kpn I family members might be near, although not nec-
essarily coincident with, the 3’ ends of Kpn I homologous RNAs.
Therefore, we used the cDNA insert in clone pcD-KpnI-3 as
a hybridization probe to identify homologous sequences in DNA
fragments from genomic clones containing Kpn I family mem-
bers. The base sequences of three such genomic clones were
then determined and compared with each other and with the
simian genomic Kpn I family member described by Thayer and
Singer (19). Fig. 4 shows the sequence comparison, and Fig.
1 indicates the positions of the sequences we determined rel-
ative to their homologous sequences in our original genomic
clone, lg-Kpnl-7, that contains a member of the Kpn I family.

A number of observations' deserve comment. Each of the
cDNA clones contains at one end a dAMP homopolymer on the
DNA strand displayed, presumably resulting from the 3’-ter-
minal pely(A) of the original cellular RNA molecule from which
it was cloned. pcD-KpnI-3 has a stretch of 56 dAMP residues,
pcD-Kpnl-4 has 44, and pcD-Kpnl-8 has 71. Preceding the
dAMP homopolymer are two A-A-T-A-A-A polyadenylylation
signal sequences in pcD-KpnI-4 and one each in pcD-KpnI-3
and pcD-KpnlI-8 (underlined in Fig. 4). The three cDNAs are
extensively homologous in sequence but demonstrate 12% mis-
match in their homologous regions. Therefore, at least three,
but probably more, members of the Kpn I family are tran-
scribed in growing cells. The presence of poly(A) and the se-
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quence A-A-T-A-A-A close to it in these cDNA clones suggests
but does not prove that transcription is accomplished by RNA
polymerase II. The cDNA sequences do not have long open
reading frames, indicating that they probably do not encode
protein, a finding consistent with our previous observation that
little or no cytoplasmic Kpn I complementary RNA could be
demonstrated in polyribosomes (17). However, this does not
preclude the possibility that some members of the Kpn I family
do transcribe RNAs capable of being translated.

Fig. 4 also shows the sequences determined from three hu-
man genomic clones aligned with one another and with the nu-
cleotide sequences of the three cDNA clones as well as the se-
quence of the simian Kpn I family member Kpn I-RET, described
by Thayer and Singer (19). Blot hybridization data (not shown)
indicate that the repeat sequences in the three human genomic
clones extend further than we have shown in the 5’ direction,
but our sequence data do not yet extend into these regions. The
three genomic sequences agree well with one another, with the
sequences of the three cDNA clones, and with the sequence
of Kpn I-RET 3’ of the upward arrowhead in Fig. 4, at which
position Kpn I-RET has a deletion with respect to some other
simian Kpn I family members. The sequence homology extends

. into a region of high dAMP content, within which the homol-

ogy among the human genomic clones degenerates and two of
the cDNAs and Kpn I-RET end. One of the cDNAs, pcD-Kpnl-
3, terminates at the beginning of the dAMP-rich sequences
present in the genomie clones and a second, pcD-KpnlI-4, ends
=50 residues beyond. We have determined =200 bp of se-
quence from each of the three genomic clones beyond the dAMP-
rich region (shown in Fig. 4) and can find no long regions of
sequence homology among them. Furthermore, Southern blot
hybridizations (data not shown) indicate that in genomic clone
lg-KpnI-7 the Kpn I repeat sequence does not extend further
in the 3’ direction more than 60 bp beyond the 3'-most se-
quence shown in Fig. 4. These data indicate that the 3’ end of
the Kpn I repeat is within the dAMP-rich region.

All three human genomic clones contain multiple copies of
the A-A-T-A-A-A polyadenylylation signal sequence within the
dAMP-rich sequence (underlined in Fig. 4). Likewise, so does

the simian Kpn I-RET sequence. Two of the cDNA clones, pcD-

KpnI-3 and pcD-Kpnl-4, have A-A-T-A-A-A sequences within
50 bases of those in the genomic clones (underlined in Fig. 4).
These features of sequence homology among the 3’ ends of the
cDNA clones and the region where the sequence homology
among the genomic clones degenerates suggest that the 3’ ends
of these genomic Kpn I family members were defined at the
time of their entry into genomic DNA by the 3’ ends of Kpn
I RNA transcripts. pcD-KpnlI-8 extends for =300 bases beyond
the positions where the two other cDNA clones end, probably
because its AAMP-rich region does not contain an A-A-T-A-A-
A sequence. However, pcD-KpnI-8 does have an A-A-T-A-A-
A sequence 30 bases preceding the (A); at its 3’ end (under-
lined in Fig. 4).

One final issue raised by these sequence comparisons con-
cerns the regions of nonhomologous sequence in pcD-KpnI-4

and pcD-KpnI-8. The downward arrowhead in Fig. 4 marks the

position 5’ of which the sequence homology between these two
c¢DNA clones ends. The cause of this break is not yet clear. As
demonstrated in Fig. 3 the sequences 5’ to this position in both
peD-KpnlI-4 and peD-Kpnl-8 are represented in the genomic
Kpn I family member within clone Ig-KpnI-7. It was previously
demonstrated that genomic copies of Kpn I family members are
polymorphic with respect to one another (17). Apparently this
is not uncommon because a similarly sharp break in sequence
homology is observed between the simian Kpn I-RET sequence
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pcD-KpnI-8 (G)l‘CATCCATCTTGAATTAATCTTTGTATAAGGTGTAAGGAAGGGATCCAGTTTTGGCTTTCTACATATGGCTAGCCAGCTTTCCACCACCATTTATT
PCD-KpnI-8 AAATAGGGAATCCTTTCCCCATTGCTTGTTTTTGTCAGGTTTGTCAAAGATCAGATAGTTGTAGATATGTGGCATTATTTCTGAGGGCTCTGTTCTGTTCCATTGATCTATATCTCTGTT
PcD-KpnI-8 TTGGTACCAGTACCATGATGTTTTGGTTACTGTAGCCTTGTAGTATAGTTTGAAGTCAGG TAGCGTGATGCCTCCAGTTTTGTTCTTTTGGC TTAGGGATGACTTGGCAATGAGGGCTCT
PcD-Kpn1-8 CTTTTGGTTCCATATGAACTTTAAAGTAGTTTTTTCCAATTCTGTGAAGAAAGTCATTGG TAGCTTGATGGGGATGGCATTGAATCTGTAAATTACCTTGGGCAGTATGGCCATTTTCAC
PCcD-KpnI-8 GAGATTGATTCTTCCTCCTACCCATGAGCATGGAATGTTCTTCCATTTCTTTGTATCCTC TTTTATTTCGTTGAGCAGTGGTTTGTAATTCTCCTTGAAGAGGTCCTTCACATCCCTTGT

PcD-KpnI-8 AAGTTGGATTCCTAGGTATTTTATTCTCTTTGAAGCAATTGTGAATGGGAGTTCACTCAT GATTTGGCTCTCTGTTTGTCTGTTATTAGTGTATAAGAATGCTTGTGATTTTTGCACATT
pcD-KpnI-4 (G)!3TATTTAATAAATGGTGCTGGGAAAACTCGCTAGCCAAATGTAGAAAGCTGAAACTGGATCCCTTCCTTACACCTTATACAAAAATTAATTCAAGATCGATTAAAGACTTAAATGT

PcD-KpnI-8 GATTTTGTATCCTGAGACTCTGCTGAAGTTGCTTATCAGGTTAAGGAGATTTTGGGCTAGACGATGGGGTTTTCTAGATATACAATCATGTCATCTGCAAACAGGGACAATTTGACTTCC
PcD-KpnI-4 TAGACCTAAAACCATAAACACCCTAGAAGAAAACCTAGGCAATACCATTCAGGACATAGG CATGGGCAAGGACTTCATGGCTGAAACACCAAAGGCAATGGGAACAAAAGTCAAAATTGA

PcD-KpnI-8 TCTTTTCCTAATTGAATACCCTTTATTTCCTTCTCCTGCTTGATTGCCTTGGCCAGAACT TCCAACACTATGTTGAATAGGAGTGGTGATTTTTGCAATCTACTCATCTGACAAAGGGCT
PcD-KpnI-4 CAGATGGGATCTAATTAAACTAAAGAGCTTCTGCACAGCAAAAGAAACTACCATCAGAGT GAACAGGCAGCCTACAAAATGGGAGAAAATTTTTGCAATCTACTTATCTAACAAAGGGCT

PCD-KPNI-8 AATATCCAGAATCTACAATGAACTCAAACAAATTTACAAGAAAAAAACAACCCAATCAAC GGGCTAAGGATATGAAAAGACCCTTCTCAAAAGAAGACATTGATGCAGCCAACAAACACA
PcD-KpnI-4 AATACCCAGAATCTACAATGAACTCAAACAGATTTACAAGAAAAAACCCCATCAACAAGT GGGTGAAGGATATGAACAGACACTTCTCAAAAGAAGACATTTGTGCAGCCAACAGACACA

PcD-KpnI-8 TGAAAAAATGCTCATCATCACTGGCCATCAGAGAAATGCAAATCAAAACCACAATGAGAT ACCATTTCACACCAGTTAGAATGGCGATCATTAAAAAGTCAGGGAACAACAGGTGCTGGA
PcD-KpnI-4 TGAAAAAATGCTCATCATCACTGGCCATCAGAGAAATGCAAATCAAAACCACAATGAGATACCATCTCACACCAGTTAGAATGGCGATCATTAAAAAGTCAGGAAACAACAGGTGCTGGA
PcD-KPnI-3 (G) ,, AAATCAAAACTACAGTGAGAT ACCATGTCACACCAATTAGAATGGTGATCATTAAAAAGACAGGAAACAACAGATGCTGGA
KpnlI-RET 14 base pair direct repeat-TTTTTATGG%RTTAGGTCTAACATTTAAGTCTCTACTTATGGCTAGCCAATTGTCCCAGCACCATTTATTAAATAGGGAATCCTTTCCCCAT

PcD-KpnI-8 GAGGATGTGGAGAAATAGGAACACTTTTACACTGTTGGTGGGACTGTAAACTCATTCAAC CATTGTGGAAGTCAATGTGGCGATTCCTCAAGGATCT-AGAACTAGAAATACCATTTGAC
PcD-KpnI-4 GAGAATGTGGAGAAATAGGAATACTTTTACACTGTTGGTGGGACTGTAAACTAGTTCAAC CATTGTGGAAGTCAGTGTGGCGATTCCTTAGGGATCT-AGAACTAGAAATACCATTTGAC
PcD-KpnI-3 GAGGATGTGGAGAAATAGGA-TGCTTTTACACTGTTGGTGGGAGTGTAAATTAGTTCAAC CACTGCGGAAGACAGTGTGGCGATTCCTCAAGGATCT-AGAACCAGAAATACCATTTGAC
1g-KpnI-7 GGTG-TTCCTCAAGCA-CTCTGAATT-GAAATAACATTTGAG
KpnI-RET TTCTTGTTTCTCTCAGGTTTGTCAAAGATCAGATGGCTGTAGATGTGTGGTATTATTTCT GAGGACTCTGTTCTGTTCCATTGGTCTATATCTCTGTTTTGGTACCAGTACCATGCTGTT

pcD-KpnI-8 CCAGCCATCCCATTACTGGGTATATACCCAAAGGATTATAAATCATGCTGCTATAAAGAC ACATGCACACATATGTTTATTGCAGCAC-TATT-CAC--AATAGCAAAG-ACTTGGAACC
pcD-KpnI-4 CCAGCCATCCCATTACTGGGTATATACCGAAAGGATTATAAATCATGCTGCTATAAAGAC ACATGCACACGTATGTTTATTGCGGCAC~TATT-CAC--AGTAGCAAAG-ACTTAGAACC
pPcD-KpnI-3 CCAGCAATCCCATTACTGGGTATATACCCAAAGGACTATAAATCATGCTGCTATAGAGAC ACATGCACACTTATATTTATTGTGGCAC-TATT-CAC~-AATAGCAAAG-ACTTGGAGCC
1g-KpnI-7 CCAGCCATCCCATTATTGGGTATATACTCAAAGGATTATAAATCATGCAGCTATAAAAAC ACACGCACACTTGTGTTTATTGTGTCAC-TATT-CAC--AATAGCAAAG-ACTTGGAAAC
1g-KpnI-84 ACAAAAAATATG~A~CTTTA-AGAC ACATGCACATGTATGTTTATTGC--CACAT-TTATTCGTAATAGCAAAGTAATAGCAAAC
KpnI-RET TTGGTTACTGTAGCCCTTGTAGTATAGTTTGAAGTCAGGTAGCGTGATGCCTCCAGCTTT GTTCTTTTGACTTAGGATTGTCTTGGAGATGCGGGCTCTTTTTTGGTTCCATATGAACTT

PcD-KpnI-8 AACCCAAATGTCCAACAATGATAGACTGGATTAAGAAAAT-GTGGCACATAT--ACACCA TGGAATACTATGG-AGCCATAAAAA-G-GATGAGTTCATGTCCTTTGTAGGAACA TGGG
pcD-KpnI-4 "AACCCAAATGTCC? ACAATGATAGACTGGATTAAGAAAAT-GTGGCACATAT--ACCCCG TGCAATACTATGCAAGCCATAAAAAAATGATGAGTTTATGTCCTCTGTCGGGACG-TGGA
pcD-KpnI-3 AACCCAAATGCCCATCAATGATAGACTTGAATAAAGAAAATGTGGCACATAC--ACCATG G--AATACTATGCA-GCCATAAAAAAG-GATGAGTTCATGTCCTTTGCAGGGACAATGGA
1g-Kpn1-7 GGCCCAAACGTCCATCAATGATAGACTGGATT-AAGAAAATGTGGCACATATACACCATG G-~AATACTATGCA-GCCATAAAAAA--GATGAATTCATGTCCTTTGTAGGGACA-TGGA
1g-XKpnI-84 AACCTAAATGCCCATCGATGGTAGACT-GAATAAAGAAAATGTGGCACATATACACCTTG G-~AATACGATGCA-GCCAATTAAAAAAAATGAGATTATGTCTTTTGCAGATACA-TGGA
KpnI-RET TAAAGCAGTTTTTTCCAATTCTGTGAAGAAGCTCATTGGTAGCTTGATGGGGATGGCATT G-~AATACTATGCA-GCCATAAAAAAG-GATGAGTTTGTGTCCTTTGTAGGGACA-TGGA

PcD-KpnI-8 TGAAGCTGGAAACCATCATTCTCAGCAAACTATCGCAAGGA -CAAAAA-CCAAACACCACATGTTCTCACTCATAGGTGGGAAATGAACAATGAGAACACATGGACAAAGGAAGGGGAAC
pcD-KpnI-4 TGAAGCTGGAAACCATCATTCTCAGCAAACTATCGCAAGGA-CAAAAAACCAAACAGTGCATGTTCTCACTCATAGGTGGGAATTGAACAATGAGAACACATGGACACAGGAAGGGGAAT
pcD-KpnI-3 TGAAGCTGGAAACCATCATTCTCAGCAAACTAACACAAGAA-CAGAAAACCAAACACCGCATGTTCTCACTCATAAGTGGGAGTTGAACAATGAGAATACATGGATACAGGGCAGGGAAC
1g-KpnI-7 TGAAGCTGGAAACCATCTTTCTTAGAAAACTATCGCAAGGA -CAAAAAAACAAACACCACATGTTCTCACTCATAGGTGGGAATTGAACAATGAGAATACATGGTCACATAAAGGGGAAC
1g-KpnI-84 TGGATTTGGTGGCCATTATCCTCAG---~CTAACACA~-GGAACAGAAAACCAAATACTGCATGTTCT-ACAAATGGGAGATAAATGA -TGATGAGAACACATGGACACATACAGGGGAAC
1lg-KpnI-83 CGC--GGA-CGAAGAACCAAACACCG-ATATTCTCACTCGTAGGTGGGAATTGAACAATGAGATCACGTGGACACAGGAAGGGG--T
KpnI-RET TGCAGCTGGAAACCATCATTCTTAGCAAACTATCACAAGAA-CAGAAAACCAAACACCGCATGTTC TCACTCATGGGTGGGAAGTGAACAATGAGATCACTTGGACTCGGGAAGGGGAAC

PCD-KpnI-8 ATCACCCACCAGGGCCTGTTGTGGGGTGCGGGGAGAGGGG ~AGGGATAGCATT--AGGAGATATACCTAATGT -AAATGATGAGTTAATGGGTGCAGCACACCAACATGGCACATGTATA
pcD-KpnI-4 GTCACACACCAGGGCCTGTTGTGGGGTGGAGGGAGGCGGGGAGGGATAGCATT--AGGAGAGATACCTAATATTAAATGATGAGTTCATGGGTGTAGCACACCAGCATGGCACATGTATA
pcD-KpnI-3 ATCACACACCAAGGCCTGTCAGGGCGTGG-GGGGCTAGGGGAGGGATAACATT--AG-A~A-ATTCCTAAT-TTAGATGACGGGTTGATGAGTGCAGCAAACCACCATGGCACGTGTATA
1g-KpnI-7 ATCACACACCAGGGCCTGTCGTGGGGTGGGGGAGGGAGG - ~AAGGATAGCATT--GGAAGATATACCTAATGT-AAATGATGAGTTAATGGGTGCAGCACACCAACATGGCACATGTATA
1g-Kpn1-84 AACACG-ACTGGGACCTATCAGAGGGTAGAAGGTGAGAG--AAGGG-AGAAAATCGGAAAAAATTACTAA-GTTAAATGA-GAGTT-ATGGGTACAGCACACCAGCATGGTACATGTAAA
1g-KpnI-83 ATCACACTCTGGGGACTATGGTGGGGTGGGGGGTGG-GGGGAGGGATAGCATT--GGGAGATATACCTAATGC TAGATGACGAGTCAGTGG-TGCAGCGCACCAGCATGTCACATGTATA
KpnI-RET ATCACACACCGGGGCCTATCATGGGGAGGGGGGAGG-GGGG GGATTGCATT--GGGAG TTATGCCTTATG-TAAATGACGGGTTGATGGGTGCAGCACACCAACATGGCACAAGTATA

PCD-KpnI-8 CATACGTAACAAACCTGCACATTGTGCACATGTACCCTAAAACTTAAATTAAAAAAAAAAAGTTCAAAAAAAAACAAACAAACTCCTGAGTACAGTTTTTGTGCTGAGCTCTCAAAGAGA
PCD-KpnI-4 ' CATATGTAACAAACCTGCACGTTGTGCACATGTACCCTAAAACTTAAAAGTATAATATAAAAAATAAATTCTTACTTGAATTGTGCAATTTGTAGAACTTTAATAAARAAATGATACATC
pcD-KpnI-3 CCTATGTAACCAACCTGTACGTTCTGTACATGTATCCCAGAACTTAAA-GTATAATAAAAATT (A)

1g-KpnI-7  CATATGTAACAAACCTGCACGTTGTGC-CATGTACCCTAGAACTTGTATA-ATAAAAAGA AAAAATASTTATTATTT- TAAAAAGAAAAGTATA-ATAAAAAAA-GAAAAAAA
1g-KpnI-84 CATATGCAACAAACCTGTACGTT-TGCACATGCACCCTAAGACTTAAA-GTAGAATAAAAAAAAAA-~TACTT-----, %: AAG--AAGTA--=-- AAAAAAAACAAA-TAA
1g-Kpn1-83 CATATGTAACTAACCTGCACAATGTGCACATGTACCCTAAAACTTAAA-GTATAATAAAA AAA-= = =BATA AGAAA--TTTGGAAAATTT--GGAAAATGT
KPNI-RET  CATATGTAGCAAACCTGCACATTGTGCACATGTACCCTACAACTTGAA-GTTTAATAATAATABATAAATTAAAARAA AAAA-14 base pair direct repeat

pcD-KpnI-8 TTACAGAATGAACAAATCAAGATTCTTCCATAAGACTGAAGTGCTGGTTACCAACTTTCC TGGTTAACATTCAGCAAAAGCATTTTCTCTCTAAGTCTGGAACTAGGATCAGGATATTTT
pcD-KpnI-4 TT(A)

lg-KpnI-7 AAGTA*‘TGCTTACAGCAGTCCTTCCCATTATTTTC-CTAAA-ATATGACAGGATTATTC-ATCTTCATTATTTAGTCACAGTGTAGGGAGTTTCTTTTAAAGTTACAAC--AT-AACTT
1g-KpnI-84 CTAAGGAAATCCAAATAAAGTATGGACTTCAGTTAATTAGGAAAAAGTAAAAGAAGCTAC AAGACCTAAAAAAAGGGC TGACTACAAATGTGTGCCAAAATACATGGTCTGTGAAAGTCT
1g-KpnI-83 ACGTATAAAAAATTGAGAAAAGACATTTAATCAAATTCTATATATAT-TCATGATAAAAA CATTTTGTCTATT-AGAAT---TGAAGGGAAGTTCTTGACCTCATAAAGGAAATCTACTT

pcD-Kpn1-8 CTTTTGTAAAATTCACTTGTTACTTTCAGACCAAAGTTGTGTTTTACACAAATCATGCGA TCTTGGCACTCCTGATTGCTTGGTTGAAAAAATATTTCTGAATAAAAAATATTTTAAATT
lg-KpnI-7 GAAGTGGACAAATCCTAAGTGTACACAAATTTTAAGTCATTTTTTAAAAAATATATATGC
1g-KpnI-84 TGAAGAACCTCCAACCTCCCATGTAAACATCTCTAAAATCAAAATTTGTGCTATCTGGCT
1g-KpnI-83 GAAGA-GAA-CATAA-TGAAATACCTAATGGTGAAATTAAATATTGCCTGCGTATCCAGG

pcD-KpnI-8 TCCCATT‘I'TT(A)7l

F16. 4. Base sequence comparison of three Kpn I cDNA clones with the 3' ends of three human Kpn I genomic clones and a simian Kpn I family
member. The arrows in Fig. 1 indicate the regions of base sequence determined and compared here. The complete sequences of cDNA clones pcD-
Kpnl-3, pcD-Kpnl-4, and pcD-KpnlI-8 were determined. Their 5’ ends are oligo(dG) sequences attached to the vector at the time the clones were
constructed and their 3’ ends are poly(dA) sequences resulting from reverse transcription of the poly(A) on the RNAs at the time the clones were
constructed. The A-A-T-A-A-A polyadenylylation signal sequences near the 3’ ends of the cDNA clones are underlined as are A-A-T-A-A-A se-
quences in the genomic clones. The 3’ ends of three genomic Kpn I clones, 1g-Kpnl-7, lg-Kpn1-83, and lg-Kpni-84, were located as described in the
text and their base sequences were determined. The lengths of sequence determined in the 5’ direction vary for the three different clones. The Kpn
I-RET sequence is from Thayer and Singer (19). The downward arrowhead indicates the position of sequence divergence in the 5’ direction between
pcD-Kpnl-4 and peD-Kpnl-8. The upward arrowhead indicates the position of divergence in the 5’ direction between Kpn I-RET and the human
Kpn 1 sequences. The positions of the 14-bp direct repeat that surrounds Kpn I-RET are indicated.

and the human Kpn I sequences given in Fig. 4 (upward ar- DISCUSSION
rowhead). As demonstrated by the sequence comparisons, at
least some of this polymorphism is also represented in Kpn I The base sequence homology between the three human ge-

RNAs. nomic clones containing Kpn I family members described here
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ends in a dAMP-rich region. Furthermore, the base sequence
homology between these three human Kpn I family members
and the simian Kpn I-RET sequence described by Thayer and
Singer (19) also ends in this JAMP-rich region. Immediately 3’
of this dAMP-rich sequence the Kpn I-RET sequence has one
member of a 14-bp target-site duplication that presumably re-
sulted when Kpn I-RET entered the simian chromosome at this
position, most likely by a transposition-like mechanism. Be-
cause Kpn I-RET is located within an a-satellite sequence, both
of its ends can easily be recognized by inspection of the base
sequence surrounding it. Apparently the dJAMP-rich sequence
marks one end of Kpn I-RET, and by comparison it also must
mark one of the ends of each of the three human Kpn I family
members reported here. We have not yet determined the po-
sitions of the other ends of these three human Kpn I family
members, but from previously reported observations on clone
lg-KpnlI-7 (17) we conclude its other end must lie at least 5 or
6 kbp 5' to the JAMP-rich sequence. The poly(A) sequence in
each of the three cDNA clones described here is on the same
DNA strand that contains the JAMP-rich sequence in the ge-
nomic clones. Therefore, a polarity, based on the direction of
transcription, can be assigned to Kpn I family members in which
the dAMP-rich sequence is on the strand complementary to
that which serves as the template for transcription.

Currently known eukaryotic mobile DNA elements can be
classified into two broad structural categories: those with sym-
metrical ends, either direct or inverted repeats, and those with-
out symmetrical ends but with regions of dAMP-rich sequence
at one end. The data presented here suggest that human Kpn
I family members belong to the latter; Thayer and Singer (19)
have reached the same conclusion for Kpn I-RET. A 3'-terminal
dAMP-rich sequence is also characteristic of Alu family mem-
bers (1, 8), intronless or processed genes (9-12), some Ul RNA
pseudogenes (15), and a recently described mobile sequence of
Drosophila, the F element (13, 14). Intronless genes provide
the most convincing structural evidence for insertion of DNA
copies of RNA molecules into an organism’s genome. Such a
mechanism was originally proposed for the dispersal of Alu family
members throughout mammalian DNAs (15, 16), and recent
evidence favors it as the mechanism for F-element dispersal
(14) in Drosophila DNA and U3 RNA pseudogene dispersal in
mammalian DNA (27). The structural comparisons described
above (Fig. 4) between Kpn I cDNA clones and genomic Kpn
I family members suggest that entry of Kpn I repeat sequences
into human and simian DNA may also have occurred via DNA
copies of RNA transcription products. Long, discretely sized
Kpn I RNAs are synthesized in at least two types of cultured
human cells—the Jurkat cell line, from which we originally iso-
lated them (17), and primary human fibroblasts, from which the
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cDNA clones described here were derived. These RNA species
might provide the templates for a RNA-to-DNA copying en-
zyme. DNA sequence homology among the three human ge-
nomic Kpn I family members and with the Kpn I-RET sequence
ends at or near the position of the 3’ ends of two of the Kpn
I cDNA clones described here, an expectation if entry into ge-
nomic DNA occurred via DNA copies of Kpn I RNA molecules.
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