FEBS 17553

FEBS Letters 394 (1996) 187-190

A new EcoRI family of satellite DNA in lampreys
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Abstract Satellite DNA sequences have been studied in several
groups of organisms. However, until now this type of sequence
has not been characterized in cyclostomata, an evolutionarily
important class of vertebrates. In the present work, we report the
molecular characterization of a new family of satellite DNA in
lampreys (Petromyzon marinus). Digestion of lamprey DNA
with EcoRI identified a series of very abundant AT-rich (60%
A+T) repeating units, with short stretches of AT, that are
multimers of 370 bp. Southern blot analysis and comparison with
the satellite DNA sequences deposited in the databases indicate
that this new family of satellite DNA is exclusive to lampreys.
The distribution of this EcoRI satellite DNA on lamprey
chromosomes was analyzed by in situ hybridization. The
evolutionary origin of this satellite is briefly discussed.
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1. Introduction

The eukaryotic genome contains multiple copies of related
DNA clements that form families of repetitive sequences that
may be reiterated 10-10° per haploid genome and may con-
stitute as much as 66% of the genome [1-3]. Satellite DNA is a
kind of these sequences characterized by very highly repetitive
and tandemly repeated units comprising large clusters (up to
100 megabases) that contribute to the bulk of DNA in hetero-
chromatic regions [4,5]. The origin and evolution of satellite
DNA remains unclear and several mechanisms such as salta-
tory replication or unequal crossing-over have been proposed
[5).

No defined function has yet been assigned to satellite DNA
although it could have a role in genome structure and evolu-
tionary processes [6]. A structural function of centromere-as-
sociated satellite DNA has been proposed that confers cen-
tromere functionality [7-9]. In some species, common
characteristics of these sequences are a high AT content
with short stretches of AT [10,11] and the presence of se-
quence motifs that may be involved in protein binding.

Satellite DNA sequences have been studied in several
groups of organisms including mammals [1,12-14], amphib-
ians [15], teleost fishes [10,16,17] and invertebrates [18-20].
However, no information is available about the sequence,
organization and chromosomal distribution of this type of
DNA sequences in cyclostomata, an evolutionarily important
class of vertebrates. In this report, we describe the isolation,
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characterization and cytogenetic location of an EcoRI satellite
DNA from Petromyzon marinus, a well-known member of this
group of vertebrates.

2. Material and methods

2.1. DNA cloning and sequencing

Lamprey DNA was prepared from muscle following standard pro-
cedures [21]. DNA (10 pg) were digested overnight with EcoRI (16 U/
ug) and electrophoresed through a 1% low-melting agarose gel. Stain-
ing with ethidium bromide showed a visible ladder starting in a band
of about 370 bp. This first (~370 bp) and the second (~ 740 bp)
bands of the ladder were excised from the gel, purified and ligated to
the EcoRI site of pGem3Z (Promega). The recombinant plasmids
were named pBL6 for the 370 bp insert (monomeric unit) and
pBL2.7 for the 740 bp insert (dimer). The nucleotide sequences of
the pBL6 and pBL2.7 inserts were determined using the chain-termi-
nation method [22] and the Sequenase system (Amersham).

2.2. Southern blot analysis

For Southern blot hybridization, DNAs were digested with 16 U of
EcoRI per ug of DNA, fractionated in 1% agarose gel, transferred to
Hybond N* membranes (Amersham) and hybridized with the 370 bp
unit labelled by PCR. For the PCR labelling reaction, the 370 bp unit
was amplified from the pBL6 using 1 ng of DNA, 50 uCi of [a-
32P)dCTP (3000 Ci/mmol, Amersham), 200 uM of the other dNTPs,
0.2 uM of the M13 forward and reverse universal primers, 1X Tagq
buffer (BRL), 1.5 uM of MgCls and Taq DNA polymerase (5 U) per
100 pl of reaction. The cycles of amplification were as follows: 29
cycles of 1 min at 94°C for denaturation, 50 s at 50°C for annealing
and 1 min at 72°C for extension, with 5 min extension at 72°C after
the final cycle. The specific activity of the probe was 2x 108 cpm/ug.
Hybridization was carried out overnight at 42°C in 10 ml of a solution
containing 5X SSC (1 X =0.15 M NaCl, 15 mM trisodium citrate pH
7.0), 5xDenhart’s solution (1xX =0.02% bovine serum albumin,
0.02% polyvinylpyrrolidone, 0.02% Ficoll), 50% formamide, 10% dex-
tran sulfate, 100 pg/ul of denatured salmon sperm DNA and 4 X 109
cpm/m! of the denatured probe. The membranes were washed for 15
min at RT in 2XSSC and 0.5% SDS, twice for 30 min at 65°C in
1XSSC and 0.5% SDS and twice for 30 min at 42°C in 0.1 X SSC and
0.5% SDS, followed by autoradiography at —70°C with intensifying
screens.

2.3. Chromosome in situ hybridization

Mitotic chromosomes were obtained from spontaneously dividing
cells of kidney and peripheral blood [23] and from lymphocyte cul-
tures obtained starting from blood [24] or kidney [25]. For in situ
hybridization, mitotic chromosomes were treated with RNase (100
pg/ml) in 2XSSC, dehydrated in an ethanol series (70%, 95% and
100%) for 5 min and air-dried. Denaturation was carried out using
formamide (70% in 2 X SSC for 2 min at 70°C), followed by dehydra-
tion in an ethanol series again and air-drying. Preparations were in-
cubated in a moist chamber overnight at 37°C with 50 pl hybridiza-
tion solution (50% formamide, 2 X SSC, 10% dextran sulfate, 500 ng/
ml sonicated herring sperm and 100 ng of biotinylated probe). The
probe (the monomeric unit cloned in pBL6) was labelled with biotin
16-dUTP by nick translation (Boehringer Mannheim). The slides were
washed for 10 min in 50% formamide and 2XSSC at 42°C and then
twice for 5 min at 37°C in 2X SSC. Hybridization was detected with
fluorescein-conjugated avidin (Vector Laboratories). The signal was
enhanced by incubation with biotinylated goat anti-avidin (Vector)
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Fig. 1. Molecular characterization of a lamprey satellite DNA. a: Comparison of the nucleotide sequences using the Clustall program. Only
base changes between sequences are shown. U represents the 370 bp repeat unit; Uy and Ug correspond to the left and right units of the di-
mer. The sequence that could be recognized by the star activity is in italics. b: Hypothetical model explaining the generation of the satellite. E,
EcoRI; boxes represent the monomer, dimer, trimer. c: Southern blot analysis of lamprey DNA digested overnight with EcoRI and hybridized
with the 370 bp EcoRI fragment purified from agarose gels and cloned into pGEM3z. Big arrows mark the monomer and the dimer and small
arrows mark the fragments likely originated by the endonuclease star activity.
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Fig. 2. Metaphase chromosomes from Petromyzon marinus following fluorescent in situ hybridization with EcoRI satellite. Big arrows indicate
the hybridization signal at centromeric and paracentromeric areas in two pairs of two-armed chromosomes. Small arrows show the hybridiza-

tion at centromeric regions in some acrocentric chromosome pairs.

followed by fluoresceinated avidin. The chromosomes were counter-
stained with propidium iodide (1 pg/ml in PBS for 1-5 min).

3. Results and discussion

When Petromyzon marinus DNA was digested with EcoRI
and fractionated in agarose gel, we observed a group of
bands, multimers of ~370 bp with a ladder structure. For
the molecular characterization of this ladder, the minor band
of ~ 370 bp (monomeric unit) and the ~ 740 bp band (dimer)
were isolated from a low-melting agarose gel and cloned in the
pGem3Z plasmid obtaining the recombinant clones pBL6 (the
insert is the 370 bp fragment) and pBL2.7 (the insert is the 740
bp fragment). Fig. 1 shows the sequence of the 370 bp unit
(U). Sequence analysis of the dimeric fragment demonstrated
that it is formed by two copies in tandem (Up-Ug) of the 370
bp unit indicating that the structure of the other ladder bands
is also in tandem. Comparison among these sequences re-
vealed a low degree of divergence (Fig. 1). The percentages
of similarity are: U-Up, 93.27% (25 mutations); U-Ug,
95.07% (18 mutations); Up-Ug, 94.80% (19 mutations). Com-
puter search at the GenBank/EMBL databases did not find
any homology with known DNA sequences. Both DNA se-
quences have been deposited in the EMBL database with the
accession numbers X92515 (monomer) and X92516 (dimer).

To have an estimate of the abundance and the size of this
satellite, we carried out a Southern blot analysis of lamprey
DNA digested with EcoRI. After fractionation on 1% agarose
gel and subsequent blotting, the filter was hybridized with the
370 bp unit labelled with PCR. As shown in Fig. 1, digestion
of lamprey DNA with EcoRI identifies a series of very abun-
dant repeating units that are multimers of 370 bp and also a

minor series of half repeats. In contrast to what was found in
other related vertebrates [10,16,17], the ladder obtained after
EcoRI digestion was not originated by partial digestion be-
cause adding more enzyme or longer incubation times did not
vary its structure (data not shown). On the other hand, the
minor ladder observed in Fig. 1 could be originated either by
an EcoRI star activity or by mutations in the EcoRI-like sites
(indicated by italics in Fig. 1) present in some tandem ele-
ments of the satellite or both. Digestion of pBL6 and
pBL2.7 with EcoRI also generated the minor bands indicating
that at least some of these bands are originated by a star
activity.

To determine if this new EcoRI satellite found in lamprey is
present in phylogenetically related or unrelated species, South-
ern zooblot analysis of EcoRI-digested DNAs from different
mammals (primates, murine and rodents), birds (chicken),
reptiles (Lacerta sp.), amphibians (Rana sp.), fishes (Raja
sp., Salmo trutta), cephalochordata (Amphioxus lanceolatus),
echinodermata (Paracentrotus sp.), mollusca (Venerupis sp.)
and insecta (Drosophila melanogaster), was carried out under
the same conditions employed above. We observed no hybrid-
ization with the 370 bp probe (data not shown) suggesting
that this satellite is present only in lampreys.

In situ hybridization of the biotinylated monomeric unit to
denatured metaphase spread revealed specific labelling at cen-
tromeric regions in some acrocentric pairs and centromeric
and paracentromeric areas in two pairs of two-armed chromo-
somes (Fig. 2). The sequence analysis of this satellite DNA
showed a high AT content (60%) common to other centro-
meric satellite DNAs described in mammals [26], newts [27]
and fishes [10,11]. Moreover, we have found the presence of
short repeats such as CTG(A/C)A(A/T), GA(C/T/IG)AAAAC
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or (C/G)AAAA(C/G) that are very similar to other centro-
meric motifs described in other vertebrates [11]. These se-
quence motifs could be important elements in centromere
structure and function [11,28,29].

A possible explanation for the evolution of the hierarchical
variations observed in this satellite is the mechanism known as
saltatory replication [2,30,31]. According to this model, the
370 bp repeated unit was amplified laterally to generate
many identical tandem copies. Then the copies diverged in
sequence as mutations accumulated in them (Fig. 1). If
some of the mutations took place in the EcoRI site, they
would originate the ladder structure. Since the divergence
among the copies amplified is low, the period of time that
has passed from the last replicatory mechanism should be
short unless some selective pressure were taking place.

Acknowledgements: We thank Javier Quinteiro for his technical assist-
ance.

References

[1] Burtiag, D.L. (1980) Annu. Rev. Genet. 14, 121-144.

[2] Singer, M.L. (1982) Int. Rev. Cytol. 76, 67-112.

[3] Skinner, D.M. (1977) BioScience 27, 790-796.

4] Miklos, G.L.G. (1985) in: Molecular Evolutionary Genetics
(Maclntyre, R.J., Ed.) pp. 241-321, Plenun, New York.

{5] Charlesworth, B., Sniefowsky, P. and Stephan, W. (1994) Nature
371, 215-220.

[6] Rose, M.R. and Doolittle, W.F. (1983) Science 220, 157-162.

[71 Zinkowsky, R.P., Meyne, J. and Brinkley, B.R. (1991) J. Cell
Biol. 113, 1091-1110.

[8] Vogt, P. (1990) Hum. Genet. 84, 301-336.

9] Vogt, P. (1992) Chromosoma 101, 585-589.

[10] Garrido-Ramos, M.A., Jamilena, M., Lozano, R., Ruiz Rejon,
C. and Ruiz Rején, M. (1994) Cytogenet. Cell Genet. 65, 233-
237.

F. Bodn et al /FEBS Letters 394 (1996) 187-190

[11] Garrido-Ramos, M.A., Jamilena, M., Lozano, R., Ruiz Rejon,
C. and Ruiz Rejon, M. (1995) Cytogenet. Cell Genet. 71, 345-
351.

[12] Horz, W. and Altenburger, W. (1981) Nucleic Acids Res. 9, 683—
696.

[13] Arnason, U., Hoglund, M. and Widegren, B. (1984) Chromoso-
ma 89, 238-242.

[14] Novak, U. (1984) Nucleic Acids Res. 12, 2343-2350.

[15] Hummel, S., Meyerhof, W., Korge, E. and Knochel, W. (1984)
Nucleic Acids Res. 12, 4921-4937.

[16] Datta, U., Dutta, P. and Mandal, R. (1988) Gene 62, 331-336.

[17] Denovan, E. and Wright, J. (1990) Gene 87, 279-283.

[18] Miklos, G.L.G. (1982) in: Genome Evolution and Phenotypic
Variations (Dover, G.A. and Flavell, R.B., Eds.) pp. 41-68, Aca-
demic Press, London.

[19] Fowler, R.F. and Skinner, D.M. (1985) J. Biol. Chem. 260, 1296
1303.

[20] Clabby, C., Goswami, U., Flavin, F., Wilkins, N.P., Houghton,
J.A. and Powel, R. (1996) Gene 168, 205-209.

[21] Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989). Molecular
Cloning: A Laboratory Manual, 2d edn. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY.

[22] Sanger, F., Nicklen, S. and Coulson, A.R. (1977) Proc. Natl.
Acad. Sci. USA 74, 5463-5467.

[23] Foresti, F., Oliveira, C. and Foresti de Almeida-Toledo, L.
(1993) Experientia 49, 810-813.

[24] Sanchez, L., Martinez, P., Vifias, A. and Bouza, C. (1990) Cyto-
genet. Cell Genet. 54, 6-9.

[25} Martinez, P., Vifas, A., Bouza, C., Arias, J,, Amaro, R. and
Sanchez, L. (1993) Genome 36, 1119-1123.

[26] Singer, M.F. (1982) Cell 28, 433-434.

[27] Cremesi, F., Vignali, R., Batistoni, R. and Barsacchi, G. (1988)
Chromosoma 97, 204-211.

[28] Radic, M.Z., Saghbini, M., Elto, T.S., Reeves, R. and Hamkalo,
B.A. (1992) Chromosoma 101, 602-608.

[29] Gaff, C., Dusart, D., Kalitsis, P., Iannello, R., Nagy, A. and
Choo, K.H.A. (1994) Hum. Mol. Genet. 3, 711-716.

[30] Britten, R.J. and Kohne, D.E. (1968) Science 161, 529-540.

[31] Lewin, B. (1994) Genes V, Oxford University Press, London.



