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ABSTRACT

The target sequences for two independent insertions of the transposable
element Tcl from Caenorhabditis elegans show homology. Because both
insertions are at palindromic TA/AT sequences, the exact boundaries of Tcl
cannot be distinguished; Tcl could be 1610 bp and flanked by a 2-bp
duplication of the target site or it could be 1612 bp and without target site
duplication. The latter possibility implies a novel manner for insertion of a
transposable element.

INTRODUCTION

Tcl, a transposable element in the nematode Caenorhabditis elegans, was
originally recognized and isolated because it is the basis for many of the DNA
polymorphisms between the Bristol and Bergerac strains (1,2). A polymorphism
due to a Tcl insertion aided in the mapping of actin genes to chromosome V
(2). The Bristol strain contains about 30 copies of Tcl and the Bergerac
strain contains about 300 copies. The Tcl family exhibits a highly conserved
restriction map but it is hypervariable in copy number and genomic locations
among several C. elegans strains, indicating mobility in evolutionary time
(3,4). Tcl excision can occur within a few generations in a laboratory stock,
but no direct evidence exists for induced transposition (3).

A constant feature of prokaryotic and eukaryotic transposable elements is
that they duplicate a sequence at the site of insertion. A Tcl-filled site in
the Bergerac strain and its corresponding empty site in the Bristol strain
were sequenced earlier in our laboratory and it appeared that a 2 base-pair
(bp) duplication occurred upon insertion (5). The study presented here
compares the target sequences for a second pair of Tcl-filled and empty sites
with the original sequences. We have found that the insertion points for
both Tcl integrations are at palindromic ;# sequences, creating a dilemma in
assigning the junction points between the empty sites and the Tcl insertions.
The sequences can be interpreted either as creating a duplication or not.
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5' (g)AGCTCTGGGTGTTGGGATATTACTGAMACTATAGTACATAT@GTACTTACAGTGG
Sstl

TATAACAAATCGGAARATTGCGTATACCGTGTTGGAAAAATCTTGAAAATTTATAAGTGAAT

TGCTCGCAAATTATAACGAAGTTTCAGCAGAGAGCT(C) 3'
Sst1

Figure 1. Analyses of the target sequences in the fragments Ce2001 and
Cel001. (A) The fragments shown represent enlargements of the

insertion region mapped by Emmons et al. (3). The hatched region designates
the Tcl insertion. Arrows indicate the direction and extent of the sequence

analyses. (B) The target sequence from 45 bp 5' to 110 bp 3' to the
insertion point (boxed) is shown.

MATERIALS AND METHODS

The Bergerac recombinant plasmid pCe2001 and the Bristol recombinant
plasmid pCel001 were isolated and provided by Emmons et al. (3). DNA
restriction fragments from pCe2001 were labeled with [7-32P]ATP at the
5' termini by T4 polynucleotide kinase and sequenced as described by Maxam and
Gilbert (6). The Sstl restriction fragment-from pCel001 that contains the
target site was subcloned into M13mpl0 in both orientations and sequenced by
the Sanger dideoxy method (7,8).

RESULTS AND DISCUSSION
Sequence determination of Tcl target sites

Pairs of subcloned DNA fragments were isolated from the Bergerac and
Bristol strains in order to compare the target sequences with and without an
inserted Tcl element (3,4). The members of a pair correspond to the same
genomic location, but differ in that the Bergerac-derived fragment contains a
Tcl element. The sequencing strategies for Ce2001, a Tcl-filled site, and
Cel001, its corresponding empty site, are outlined in Fig. 1A. The region in
Ce2001 that was sequenced was isolated from a restriction endonuclease digest
using EcoRV, which cleaves within the inverted terminal repeats of Tcl, and
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*k *k *k *k
tcaaataCAGT....ACTGtatatgt l atatttaCAGT....ACTGtatgtac
Ce(Be)T1 * . Ce2001 . .
tcaaatACAGT....ACTGTatatgt atatttACAGT....ACTGTatgtac
*k *k
Ce(Br)T1 tcaaatatatgt Cel001 atatttatgtac

Figure 2, Comparisons of two Tcl-filled sites with their empty sites.
Possible boundaries for Tcl are in upper case, and the target sites are in
lower case. The TA insertion point is marked (*). The top sequences for the
Tcl-filled sites illustrate a duplication of the insertion point, while the
alternative sequences for the Tcl-filled sites illustrate insertion without
target site duplication.

Sstl, which cleaves in the flanking regions. The target sequence in Cel001
was determined by analysis of the corresponding SstI restriction fragment.
Except at the Tcl insertion point, the sequences in Ce2001 and Cel00l are
identical for the flanking 155 bp analyzed in both strains (Fig. 1B). The
target DNA sequences for another pair of Tcl-filled and empty sites, desig-
nated Ce(Be)Tl and Ce(Br)Tl respectively, have been described earlier (5).
Does Tcl insertion generate a duplication of the target sequence?

The nucleotide sequences at the sites of these two Tcl insertions are
shown in Fig. 2. Examination of these sites shows that the exact limits of
Tcl cannot be defined. In both cases, the Tcl element inserted at a H
sequence, which allows two possible interpretations for the Tcl boundaries.
One interpretation, presented previously, is that the boundaries of Tcl are
5' CAGT...ACTG 3' and that the two nucleotides (TA) of the target sequence are
duplicated immediately flanking the Tcl sequence (5). This interpretation
would make the Tcl element 1610 bp long with 54-bp inverted terminal repeats.
However, the juxtaposition of a palindromic insertion point with the
palindromic inverted terminal repeats of Tcl allows another interpretation.
The boundaries of Tcl could be 5' ACAGT...ACTGT 3' with no target site
duplication accompanying insertion. Tcl would be 1612 bp long with 55-bp
inverted terminal repeats. Duplication has been hypothesized to result from a
staggered cleavage of the target sequence (9). Therefore, if Tcl does not
generate a duplication, insertion must occur by a novel, blunt cleavage of the
target site.

Comparison of the two different insertion sites

Immediately surrounding the Tcl insertion sites, 12 of 16 bp are
identical between the two empty sites (Fig. 3A), although direct alignment of
the two insertion points shows 1ittle homology (Fig. 38). It is unclear
whether this homology bears any association with site-selective transposition.
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A, Ce(Br)Tl ...TTCAAATATATGTGCT...

* kk kk kkkkk k&

Cel001  ...TACATATTTATGTACT...

B.  Ce(Br)Tl ...TTTCAAATATATGTGC. ..

*  kkk K

Cel001  ...ACATATTTATGTACTT...

Figure 3. Comparison between the two empty sites. (A) Alignment of the empty
sites to give maximum homology, where 12 of 16 nucleotides are identical,
requires shifting the [TA] insertion points relative to each other. (B)
Direct alignment of the [TA] insertion points results in only 5 of 16
nucleotides being identical.

Unlike the Tcl insertion site analyzed previously, the site sequenced in
this study does not share features with preferred integration sites of
particular prokaryotic transposons (5). There is no homology between the
target sequence and sequences within the terminal repeats of Tcl. The 155-bp
target region is 66% A+T, the other target region is 72% A+T, and C. elegans
DNA is 64% A+T overall, so it is uncertain if AT-rich regions are preferred
(5,10). The sequence surrounding the insertion point is not palindromic,
except for the }? base pairs.
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