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A new human alphoid-like repetitive DNA sequence
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A new tandemly repetitive sequence family, having the 170 bp basic repeat characteristic of alphoid sequences, has been
identified in the human genome. Its organization in the whole genome and on chromosome 21 is different from that of
any of the previously described alphoid families. Members of this new family are unusually heterogeneous in sequence,
and there are a number of variant sequence classes. Some of the variant classes exist in separate genomic domains, and
even on a single chromosome the members of such a class are not significantly intermixed with members of another class.
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1. INTRODUCTION

The human genome contains a number of
repetitive DNA families [11. One of the major ones
is alphoid DNA, characterized by long tandem ar-
rays of 170 bp units located primarily at cen-
tromeres [2,3]. The basic organization of this
family was originally described as a repeating 340
bp unit composed of two 170 bp subunits that are
27% divergent in sequence [4]. Two such 340 bp
units, differing in sequence by 1%, form a 680 bp
unit [4]. Alphoid sequences with either the 340 bp
or 680 bp organization compose nearly 2% of the
human genome [5]. It has recently become clear
that the alphoid repeats are organized into a
number of other distinct families with their own
particular patterns of genomic organization, some
of which are apparently chromosome-specific
[6-9]. We have found a new alphoid-like sequence
family that exhibits chromosome-specific
organization. The members of this family are
unusually heterogeneous in sequence with variant
sequence classes located in separate genomic do-
mains.
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2. MATERIAL AND METHODS

Placental DNA, purified as described [10], was a gift of D.
Bieber. DNA from hamster-human hybrid cell line 153-E9A
[11], containing human chromosome 21, was a gift from M.
Cummings. Our previously described methods [12,13] were
used for restriction digests, gel electrophoresis and transfer of
DNA to filters. Filter hybridizations, using probes that were
32p_labelled by nick-translation, were done as described [12],
except that the most stringent washes were at 60°C in 2 x SSC.

For cloning, placental DNA was digested to completion with
HindIII and run on a 2.0% agarose gel. Fragments in the
400-600 bp size range were cut from the gel and eluted by stan-
dard techniques [14]. The isolated fragments were then ligated
with HindlIli-cut pBR322 and the recombinant molecules were
used to transform Escherichia coli K12 (HB 101) [15]. Clones
containing the repetitive sequence were detected by colony
hybridization [16] using total genomic DNA as the probe.
Plasmid DNAs were purified as described [14].

3. RESULTS

In searching the human genome for new classes
of reiterated DNA, total genomic DNA was
digested with various restriction enzymes, frac-
tionated on agarose gels, blotted to filters and
probed with total genomic DNA. This procedure,
which only detects repetitive sequences, permitted
us to identify a previously undescribed 550 bp frag-
ment in HindIII digests (fig.1). Copies of this frag-
ment were cloned as described in section 2.

Published by Elsevier Science Publishers B.V. (Biomedical Division)

130 00145793/88/$3.50 © 1988 Federation of European Biochemical Societies



Volume 231, number 1

1.8 kb
1.5kb

1.2 kb

Fig.1. Identifying repetitive sequences in the human genome.

Placental DNA was digested with the restriction enzymes

indicated, blotted and probed with total genomic DNA (see

section 2). The 0.55 kb HindIIl fragments are denoted by the
arrow.

Although of uniform size, some of the fragments
are part of a dispersed repetitive sequence family
(to be described elsewhere) while others are part of
a tandemly reiterated family. One clone repre-
senting the tandemly organized family (pHH 550)
was chosen for detailed study. The restriction map
for this clone is shown in fig.2.

pHH 550 was hybridized to blots of total
genomic DNA that had been digested to comple-
tion with restriction enzymes that do not cut within
the cloned sequence (fig.3). These enzymes pro-
duce extensive 170 bp multimer series while also
leaving significant amounts of high molecular
mass DNA. This indicates that the basic repeating
unit must have a number of sequence variants. The
presence of multimer series also means that a
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Fig.2. Restriction map of pHH 550. Locations of restriction

sites for several enzymes are indicated along with the size scale.

Fragments A and B were used as the probes for the blot shown

in fig.5. Restriction enzymes that do not cut in this sequence are

Aval, BamH]l, Clal, EcoRl, Haelll, Hpall, Pstl, Pvull, Sall,
Taql, Xbal and Xhol.

variant restriction site is located at the analogous
position in all the repeats in which it occurs.

The 170 bp repeating unit is characteristic of
alphoid-like sequences [2,3]. The alphoid nature of
pHH 550 can also be seen from the fact that it
hybridizes weakly to cloned EcoRI 680 bp stan-
dard alphoid repeats at moderate stringency (not
shown). The restriction map for pHH 550 (fig.2) is
distinct from that of previously described alphoid
sequences. Moreover, in sequences detected by
pHH 3550, the cleavage patterns for a variety of
restriction enzymes (figs. 3 and 4) are clearly dif-
ferent from those made by the same enzymes in
other variant alphoid families [6-9, 17-20]. Thus,
pHH 550 appears to represent a new family of
alphoid-like sequences.

There is an unusually high degree of sequence
variation between members of this alphoid family.
The clone pHH 550 represents only one type of
variant, as can be seen from the fact that restric-
tion enzymes not cutting in the cloned sequence
(fig.3), as well as those which do (fig.4), produce
extensive 170 bp multimer series in genomic blots.
Thus the basic repeating unit of the pHH 550 fami-
ly is more heterogeneous in sequence than that of
many other alphoid families [7,8,17,19,20]. Se-
quence variation is further indicated by the
presence of fragments in genomic blots which are
not integral multiples of 170 bp (figs 3 and 4). The
550 bp Hindlll fragment is in fact one such non-
integral variant organization, and is relatively un-
common within the family (fig.3). Since probes
from two regions of pHH 550 detect essentially the
same sets of 170 bp multimers (fig.5), including
fragments smaller than 550 bp, the HindIII 550 bp
variant must itself be part of a tandem array of 170
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Fig.3. Genomic organization of pHH 550 sequences. Placental
DNA was digested with the enzymes indicated, blotted and
probed with pHH 550.

bp repeats. Restriction sites in pHH 550 do not ap-
pear with a 170 bp spacing (fig.2), thus further em-
phasizing the heterogeneity in this family.

At least some of the variant sequences appear
not to be randomly distributed throughout the
family. If the variants recognized by one restric-
tion enzyme are randomly intermixed in the
tandem arrays with variants recognized by other
restriction enzymes, then double digests with two
such enzymes should result in the preferential
disappearance of high molecular mass fragments.
This is not the case for several of the double digests
in fig.3. Thus, for example, repeats containing a
variant EcoRI site are not intermingled with
repeats containing a variant PstI site. The banding
pattern in a double digest is often the sum of the
patterns seen in the two single digests. Each restric-
tion enzyme thus appears to define a different class
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Fig.4. Presence of pHH 550 sequences on chromosome 21. 0.1

ug of placental DNA (left) or 2.0 g of DNA from hybrid cell

line 153-E9A (right) were digested with the enzymes indicated,
blotted and probed with pHH 550.

of variant sequences, and members of such classes
tend to be located in distinct genomic regions apart
from members of other classes.

The organization of the new alphoid family on
a single chromosome was examined using DNA
from a hamster-human hybrid cell line containing
only human chromosome 21 [11]. While sequences
homologous to pHH 550 are present on
chromosome 21, there are a number of variants
present in total genomic DNA which are not on
chromosome 21, and also variants that are promi-
nent on chromosome 21 which are rare in the total
genome (fig.4). Of special note is the fact that the
550 bp Hindlll fragment is one of the variants not
found on chromosome 21. Comparable hybridiza-
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Fig.5. Presence of the full pHH 550 sequence on most variants.

Placental DNA was digested with the enzymes indicated,

blotted and probed with either the A or B fragment of pHH 550

(fig.2). Only a few of the variants do not contain both portions
of the pHH 550 sequence.

tion intensities are seen in fig.4 for both total
genomic DNA and 153-E9A DNA, even though
20-times more hybrid cell DNA was loaded on the
gel. This result indicates that sequences hybridizing
to pHH 550 are present on many other
chromosomes in addition to 21, since the DNA
content of chromosome 21 represents approx-
imately the same fraction of genomic and 153-E9A
DNA [21]. Double restriction digests of 153-E9A
DNA (fig.6) reveal that on this single
chromosome, as in the genome as a whole, the
members of a variant class are often not
significantly intermixed with members of another
class.
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Fig.6. Organization of pHH 550 sequences on chromosome 21.
DNA from hybrid cell line 153-E9A was digested with the
enzymes indicated, blotted and probed with pHH 550.

4. DISCUSSION

We have identified a previously undescribed
family of repetitive sequences in the human
genome which appears to be another family of
alphoid sequences. This is at least the eighth
distinct alphoid family to be characterized
[4,7,8,17-20], and together these families comprise
nearly 3% of the human genome [S]. While all the
alphoid families are composed of 170 bp repeating
units, members of one family can be as much as
50% divergent in sequence from members of
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another family [18]. Such divergence from other
alphoid families would also appear to be the case
for the family represented by pHH 550, since even
at low stringencies pHH 550 does not cross-
hybridize to any significant extent with cloned
members of the BamHI 2.0 kb [7] or the EcoRI
340 bp alphoid families (our unpublished observa-
tions). The pHH 550 family is at least the third
alphoid family to be found on chromosome 21
[3,17], and, as is the case for other alphoid families
[6-9,18,20], it exhibits some chromosome-
specificity in its organization. Although the func-
tion of alphoid sequence families is still a matter of
speculation, it is interesting that those families
studied to date are all preferentially located at cen-
tromeres [3,17,19].

The pHH 550 family appears to have a higher
degree of sequence variation between its members
than that seen in other alphoid families. There are
variant classes whose members tend to occupy
discrete chromosomal domains rather than be in-
termixed with members of another class. We have
recently detected a similar organization for
variants of the EcoRI 680 bp alphoid family [22].
Thus, the organization of alphoid sequences in the
human genome is more complicated than previous-
ly believed. Not only are multiple families found
on the same chromosome, but each family may
itself be organized into subdomains.
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