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The Caenorhabditis elegans genome contains monomorphic minisatellites and simple sequences
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ABSTRACT

Many species have been shown to contain tandemly repeated short sequence DNA kinown as
minisatellites and simple sequence motifs. Due to allelic variation in the copy number of the repeat
unit these loci are usually highly polymorphic. Here we demonstrate the presence of sequences in
the genome of the nematode Caenorhabditis elegans which are homologous to two sets of short
sequence DNA. However, when two independent strains were compared no polymorphism for these
sequences could be detected.

INTRODUCTION

The genome of many species, including lower organisms, contain minisatellite sequences
and so-called simple sequence motifs (1,2,3). Due to extensive variation in the number
of repeat units, many of these loci have been shown useful as polymorphic markers, e.g.
for genetic linkage studies and identification purposes.

Here we demonstrate that the genome of the nematode Caenorhabditis elegans contains
sequences that are homologous to the minisatellite core sequence 33.6 (1) and to the simple
sequence motif (AGC),. Surprisingly, these sequences did not display polymorphism when
two independent C. elegans strains, Bristol and Bergerac, were compared.

MATERIALS AND METHODS

Genomic DNA from nematodes

Genomic DNA was isolated according to standard procedures from the two strains Bergerac
(BO) and Bristol (strain N2). These strains are derived from two different individual worms
isolated in France and England, respectively.

Southern blotting

Genomic DNA digests (5 ug) were separated in a 1% agarose gel in 1 XTAE (40 mM
Tris.HCl, pH 7.4/20 mM sodium acetate/1 mM NaEDTA) by electrophoresis at 75 V
for 16 h. Separation patterns were transferred to Zetaprobe membrane (BIORAD) in 0.4
N NaOH, 0.6 M NaCl in a vacu-blot apparatus (LKB) according to the manufacturer’s
instructions. The minisatellite and simple sequence probes used were prepared essentially
as described (5). The Tcl probe is a plasmid containing an insert of the transposable element
Tcl (4). All probes were labelled by random-priming. Hybridization was performed for
12 hin 7% SDS, 0.5 M phosphate buffer, 1 mM Na,EDTA at 65°C. Blots were washed
twice in 2.5XSSC at 65°C and exposed to Kodak XAR-5 film with intensifying screens.
Exposure times are indicated in Fig. 1.
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Figure 1. Southern hybridization analysis of Hae III, Rsa I and Eco RI digested genomic DNA isolated from
the two C. elegans strains Bristol (N) and Bergerac (B). The probes used and the exposure times of the autoradiograph
are indicated below the figure. kb=kilo basepairs.
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RESULTS
In Figure 1 the hybridization patterns are shown of C. elegans genomic DNA digested
with Hae III, Rsa I and Eco RI, and subsequently hybridized to minisatellite core probe
33.6, the simple sequence probe (AGC), and Tcl. The latter probe contains a member
of the Tcl family of transposable elements which is present in different copy numbers
in the two different strains (4). The hybridization patterns of probes 33.6 and (AGC),
obtained after Hae III and Rsa I digestion and the differences in intensities of the hybridizing
bands is reminiscent of DNA-fingerprint patterns obtained with these probes in other species
(1,2,3). However, identical hybridization patterns for the two strains with the three enzymes
tested indicated that in C. elegans these sequences are monomorphic (Fig. 1). Based on
the number of hybridizing bands we estimate the C. elegans genome to contain about 30
33.6 homologous loci and about 20 (AGC),, homologous loci.

Rehybridization of the same blot with a Tcl probe revealed extensive RFLPs due to
the different copy number of the transposon in the two strains, a phenomenon which has
been described previously by others (4).

DISCUSSION

The findings presented in this paper indicate that polymorphism of minisatellite sequences
and simple sequence motifs, is not a general phenomenon in animal species. So far, only
some species of whales have displayed similar high levels of monomorphism (6). In other
species thus far tested both minisatellites and simple sequences display high to very high
levels of polymorphism. It should be noted, however, that at least in humans, a substantial
part of the minisatellites detected by core probes also displays high levels of monomorphism
as analysed by cloning (1) or by two-dimensional DNA fingerprinting (5).

The fact that nematodes are hermaphrodites, and thus inbred, might be a contributing
factor to the observed lack of polymorphism. However, the high levels of polymorphism
detected by the Tcl probe do not indicate a general absence of events causing genetic
variation. Indeed, Eide and Anderson (7) showed that tandemly repeated duplications in
the unc-54 gene of C. elegans revert at high frequencies. Since in all cases the revertants
had the normal genomic configuration this suggests that unequal crossing-over does occur
in the nematode.

A more likely explanation for the monomorphic nature of the sequences detected with
33.6 and (AGC), in C. elegans is selection against sequence variants at these loci. This
might be the result of the presence of a particular subset of minisatellites and/or simple
sequences at sites in the genome of this organism, e.g. in coding sequences, in which
variation in copy number of repeat units cannot be tolerated. An example of such a coding
sequence could be the High Mobility Group proteins which usually have stretches of identical
(acidic) amino acids (2,8). An interesting observation in this respect is the demonstration
of the absence of any protein polymorphisms in electrophoretic comparisons for 24 different
enzymes between the Bristol and Bergerac strains (9). An important step in understanding
this phenomenon will therefore be the isolation and analysis of individual homologous
minisatellite and simple sequence loci from a genomic library of C. elegans.
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