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ABSTRACT

A human Hind III I.9 kb repeated DNA fragment was isolated and cloned in
pBR322. A cloned member that hybridized predominantly to the 1.9 kb Hind III
band in a digest of whole human DNA was chosen for sequencing. It is an
1894 bp fragment that shows no significant internal repeats. Few pCG resi-
dues are observed in the sequence and there are numerous stop codons. De-
tailed sequence comparisons confirm this is a novel class of repeats that is
not related to previously characterized human satellite DNAs or Alu se-
quences. At least a portion of the sequence described is conserved in
evolution.

INTRODUCTION

A 1.9 kb band is visible in Hind III digests of human male and female

DNA and by densitometry, accounts for > 0.25% of the genome; by hybrid-

ization experiments its sequence has been shown to be distinct from previ-

ously identified human repeated DNAs including the simple DNA satellites,

the Eco RI 340 bp dimer repeats and the Alu sequence family (1). The com-

plete sequence of a cloned member of this 1.9 kb family is here reported. An

accompanying paper describes minor sequence variations in the whole genomic

array that are detectable in hybridization studies using this cloned DNA as

a probe (2). Such studies clearly link the sequence described here to sev-

eral primate Kpn I bands observed by other investigators (3, 4). The 1.9 kb

sequence also is likely to be related to repeated sequences found in cloning

studies of the 3' side of the $ globin gene (5) and to those identif ied in X

chromosome cell hybrid experiments (6).
The 1.9 kb sequence shows no internal repeats of statistical signifi-

cance, and in accord with previous hybridization studies, it is not homolo-

gous to any of the previously described human repeated DNA f amilies. Re-

lated Kpn I repeats have not yet been sequenced and thus cannot be compared
directly for homologies. At least part of the 1.9 kb sequence is conserved
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in evolution (1, 2, 3). The "function" of this sequence is unknown.

MATERIALS AND METHODS

The Hind III band visualized in a digest of whole human DNA was excised

and eluted from a preparative 0.8% agarose gel, cloned in X Charon 27 and

subcloned in pBR322 (2). One recombinant clone that in Southern blot exper-

iments hybridized predominantly to the 1.9 kb Hind III band in digests of

human nuclear DNA (1) was chosen for further sequence studies. Plasmid DNA

isolated from E. coli as described (7) was purified by equilibrium CsCl-

ethidium bromide centrifugation. The DNA insert was mapped using restric-

tion enzymes and standard agarose gel electrophoresis (8, 9). Appropriate

restriction fragments were 5' or 3' end labelled as described in detail (9,

10, 11) using a series of 20%, 8% and 4% gels. Most of the sequence was

analyzed at least twice (Fig. 1) and complementary strand analysis or

sequence analysis in a second experiment showed unambiguous confirming data.

Restriction enzyme map sites consistent with fragments obtained prior to

sequencing were confirmed in the sequence.

The sequence was analyzed extensively using the sequence analysis

system of the NIH MOLGEN SUMEX-AIM computer facility at Stanford University.

The homology, symmetry and dyad-symmetry searches in this system are based

on an updated version of the Korn-Queen algorithm; details of the parameters

used and their statistical significance were generously provided and can be

obtained from the MOLGEN group at Stanford (J. Clayton, P. Friedland, L.

Kedes, and D. Brutlag). The system has numerous sequence files available

for comparative searches.

RESULTS AND DISCUSSION

Mapping and Sequencing Strategy for the Hind III 1.9 kb Insert

The enzymes used for sequencing of end labelled insert fragments are

depicted in Fig. 1. Bgl II/Hind III digests were used to sequence positions

1-700 since fragments of 400 bp and 1500 bp were well resolved from 4362 bp

plasmid DNA. Similarly, Xba I/Hind III digests yielded the sequence from

positions 1200-1900. Rsa I/Eco RII digests were found most useful for

sequencing central fragments of the insert. Complementary strand analyses

were also done using Rsa I/Bgl II digests or Rsa I/Sau IIIA (positions 1424-

1667) digests. Hinf I, Hinc II, Kpn I and Taq I cleavage studies on whole

plasmid or end labelled fragments were also used to determine the orienta-

tion of the insert in pBR322 and to confirm restriction sites obtained in
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Figure 1. Diagrammatic summary of restriction gel fragments analyzed with
major enzymes of use in DNA sequencing. 3' represents 3' end labelled
fragments used for sequencing, all other fragments were 5' labelled. Arrows
show direction of sequencing from each labelled end. Double line represents
identically labelled fragments sequenced twice. Most of the sequence analy-
sis contains complementary strand conf irmation. Ep represents the end of
the vector arm to position 29 (the Hind III insert site) and p represents
plasmid from position 29 onwards; insert scale is 1900 bp.

the sequence.

Restriction Sites of the Hind III 1.9 kb Insert

A complete restriction map is shown with the obtained DNA sequence of the

1.9kb insert (Fig. 2). The sequence determinations confirmed our initial

restriction site studies indicating no Pst I, Ava I, Bgl I, Bam HI, Xho I,

Ava II, Bst E II or Eco RI sites in the cloned insert. The Rsa I, Eco RII,

Bgl II and Xba I sites were confirmed by sequencing. Restriction studies

using Hinf I and Hinc II digestion on the cloned plasmid DNA, and Alu I, Hae

III and Taq I on end labelled fragments, were compatible with the sequence

obtained. Studies with whole genomic DNA have also confirmed the absence of

Pst I, Bam HI, and Bst EII sites within the majority of uncloned members of

this family. Hind III, Xba I, Hae III, Rsa I, Eco RII and Hinc II sites

were observed at the same positions in the genomic family with minor

variations; a single base change in one of the Eco R1* sites (at position

1642 or 1652) is likely to be represented as Eco RI sites in a fair propor-

tion of uncloned members of this family (2).

Nucleotide Composition
There were 42.6% Adenine (A), 21.9% Cytosine (C), 16.5% Guanine (G),

and 19.1% Thymine (T) residues (reading 5' to 3'). Taken together this

yielded a base composition of 38.4% GC and 61.7% AT for the double stranded

molecule. Whole human DNA bands at a density of 1.697 in neutral CsCl (un-
published data) which is equivalent to average GC content of 39-40%. Thus

this DNA is somewhat AT rich. We have never been able to purify or signifi-

cantly resolve fragments containing the Hind III 1.9 kb band in high mole-
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cular weight human DNA using CsCl-Hoechst or Ag-CsS04 gradients (12) pos-

sibly because the repeat is integrated with other sequences in the genome.

Analysis of the dinucleotide sequence distribution was generally in

keeping with the percent expected in a random sequence, with one striking

exception. The pCG ratio (which is the same in both strands) was quite low

and showed only 9 pCG pairs or 0.5%, as compared to an expected percent of

3.6% in total DNA. One of these pCG sites is at the Msp I (Hpa II) site

(position 127). In preliminary studies using the restriction enzymes Msp I

and Hpa II to differentiate methylated from non-methylated cytosines, there

appears to be a small degree of methylation at this site in whole human DNA

(data not shown). Only one other pCG site of the 9 in the total sequence

has a methyl C residue that potentially can be studied with a restriction

enzyme; at position 134 a simple inversion of CG could yield a Hha I site.

Generally, the degree of potential methylation sites in the 1.9 insert is

considerably lower than that seen in mouse satellite DNA (11, 13). Although

pCG methylation has been considered an important feature in repeated DNAs

and the inactivation of coding sequences (14, 15, 16), the low percent of

pCG residues here suggest C methylation may not be an important modifying

feature in the 1.9 kb sequence. The low representation of pCG sites also

could coincide with special protein binding affinities of this sequence,

especially if it is adjacent to active gene coding regions.

Lack of Internal Repeats

Since the 1.9 kb Hind III sequence is repeated, one might suspect that

the sequence is built upon a simpler sequence, as for example that seen in

the 340 bp Eco RI human dimer, or the 232 bp mouse satellite sequences (9,

11, 13). We therefore searched the sequence for internal homologies that

were statistically significant (see Methods). The best homology was the

match between 175-212 and 1545-1580 in the 1.9 kb insert (30 of 40 bases

matched). The expected value (E) for this match as compared to a random DNA

is 0.118, and showed a one base loop out (insertion-deletion) at 6 posi-

tions. A statistically significant homology would have zero base loop outs,

and an expected value E of 0.05 or less. We further reviewed all the

matches of 75% homology and found no repeated sequence that was obvious in

these matches; there was also no consistent spacing pattern discernable in

the homologies obtained. As a control of the computer program we compared

its expected value for the two repeats of the human Eco RI 340 bp dimer,

which using a different analysis were considered to be highly significant

statistically (9). The computer also read this as a highly significant
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repeat with an expect value E = 0.000.

Regions of Symmetry and Dyad Symmetry in the 1.9 kb Fragment

Several symmetries were noted in the sequence, for example at position

430. However, computer analysis of all symmetries showed there were none of

statistical significance. Furthermore, there were no dyad symmetries where

the total free energy of base pairing was -10 K cal; -15 K cal or less has

been considered to be the limit for the stable formation of RNA hairpins

under physiological conditions (17).

Translation Analysis of the 1.9 kb Sequence

The translation products in all three reading frames were examined.

There were numerous stop codons. The longest reading frame (in any frame,

without stop codons) was 251 amino acids long, starting at position 1139.

More stop codons were observed in a search of the inverse complement of the

sequence (the largest translation array was 82 amino acids in length). More

detailed translation analyses (and homology and dyad symmetry analyses) are

available on request.

Comparison with other Sequences

The Hind III 1.9 kb sequence was compared with the human 340 bp Eco RI

dimer, in both orientations, using the sequence homology program. No statis-

tically significant homologies were obtained. It is curious that 5 of the 12

matches (41. 7%) with > 75% homology to the 1.9 kb insert oriented as shown

in Fig. 2, matched a region of the dimer sequence (ATAGAAACTAGACAGAATAAT) at

positions 683, 1192, 1338, 1477 and 1485 in the 1.9 kb sequence. It is not

known if this sequence region may be of importance in cross-over events or

evolution of repeated DNAs. No evidence that the 1.9 kb fragment was close-

ly related to the Eco RI dimer family was obtained from these sequence

analyses, and this is in accord with our hybridization studies showing no

homology between these two repeated DNAs (1). These results contrast to

hybridization studies of related "alpha" satellites by other investigators

(3). The best homology between these two different repeats within the same

species was 76.9% (20 of 26 bases) with an unimpressive E value of 0.995

(1.9 kb positions 683-708 with Eco RI dimer positions 327-351). Analysis of

the inverse complement for homologies also showed no significant similari-

ties between these two repeats. Analysis of dyad symmetries between the

human Hind III 1.9 kb fragment and the Eco RI 340 bp dimer did however show

7 matches where the pairing yielded < -15.0 K cal, possibly suggesting that

under less stringent hybridization conditions, some positive hybridization

between the two different sequences might be obtained. Alternatively, high
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molecular weight "alphoid" DNA, isolated as a satellite from cesium gradi-

ents, could also contain other repeated DNA sequences in addition to the 340

dimer family that contributed to the positive hybridization results obtained

by others (3). In summary, the comparative data here does not lend any

positive evidence to support the notion that the shorter Eco RI 340 bp human

dimer sequence is related to the longer 1.9 kb human repeat.

We previously found that the 1.9 kb clone hybridized to an "inter-

spersed" mouse repeated DNA band (1,18). Thus it was of interest to find if

this sequence bore any resemblance to the common repeated mouse DNA

satellite. Again no statistically significant sequence homologies were

noted between the human 1.9 kb repeat and mouse satellite, and this was in

accord with previous hybridization studies (1). The best homology between

these two sequences matched positions 126-15 7 of the mouse sequence with

1472-1504 of the 1.9 kb sequence (75%, 27 of 36 bp, E = 0.154) as shown:
* * * * * * * * *

1.9 kb 1472: TATG CAA ATAAACTAGAAAATC TAGAAGAAATG 1504
Mouse satellite 126: TATGGCAAGAAAA CT GAAAATCATGGAA AA TG 157

This homology between two widely separated species was statistically better

than any homology between the human Eco RI 340 bp dimer and the human 1.9 kb

repeat. "Alu family" sequences, including a polymerase III in vitro trans-

cription unit (19) were also compared since they are "interspersed" in the

human genome. Alu sequences are notably more GC rich than the 1.9 kb se-

quence depicted here; Alu sequences showed less significant homologies with

the 1.9 kb repeat than mouse satellite DNA (sequences compared as shown in

Fig. 2 or as inverse complement). Tandemly repeated human simple satellite

sequences (12, 20) did not show any obvious relation to the 1.9 kb repeat.

In summary, the 1.9 kb repeated sequence is here defined as a novel

human repeated DNA. It lacks any internal repeated sequence subsets, and

thus cannot be classified as a tandem repeat based on its internal sequence.

In the following paper we demonstrate that larger fragments containing this

sequence do not show strict tandem repetition of the 1.9 kb sequence, i.e.

the end of the molecule is not followed directly by the beginning of the se-

quence or vice versa. The "function" of this conserved repeat is unknown.

It is of interest that high resolution chromosome hybridization studies di-

rectly show at least a proportion of this sequence is localized on the

chromosome arms in a discrete or banded configuration (1 and in prepara-

tion). It is possible that this sequence, or clusters of this sequence, may

have a role in the definition of discrete chromosomal and nuclear domains

that are distinct from those occupied by the predominant centromeric
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repeats.
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