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Summary

We report here the consensus target sequence of transposons Tc1, Tc3 and Tc5 of Caenorhabditis
elegans. These sequences were obtained by molecular analysis of 1008 random new insertions which
have not been exposed to natural selection. This analysis reveals consensus target sites slightly
different from those previously reported, and confirms that the mariner elements Tc1 and Tc3 insert
in sites which are not preferentially palindromic.

1. Introduction

Tc elements from the mariner family have been used
extensively for both forward and reverse genetics
purposes in Caenorhabditis elegans (Anderson, 1995;
Plasterk & van Luenen, 1997). We previously re-
ported the molecular characterization of more than
a thousand new random insertions of transposable
elements of C. elegans (Martin et al., 2002). These
insertions were obtained by propagating independent
strains in the widely used mut-7 genetic background,
which derepresses transposition in the germ-line of
C. elegans (Ketting et al., 1999). New insertions of the
mariner family elements Tc1, Tc3 (Plasterk et al.,
1999) and of the distantly related Tc5 element (Collins
& Anderson, 1994) were localized at the nucleotide
level (Martin et al., 2002). The analysis of their chro-
mosomal distribution shows that they are scattered
in the whole genome of C. elegans (Martin et al.,
2002). These new insertions have been submitted to
no (or very limited) natural selection since they were
analysed 1 to 10 generations after transposition oc-
curred (Martin et al., 2002). Thus, they constitute
an unequalled resource to define the consensus target
sequence of each transposon.

2. Materials and methods

The insertion’s flanking sequences, which constitute
the raw data of this study, were obtained from a

collection of 1088 new insertions of transposons Tc1,
Tc3 and Tc5 ofC. elegans (Martin et al., 2002). Eighty
insertions for which the insertion site was ambiguous
were not included in the current study. A total of 1008
sequences (oriented 5k to 3k relative to the transposon
orientation) were used for the analysis. These se-
quences can be downloaded from the website http://
www.cgmc.univ-lyon1.fr/cgmc_info_celeganstp.php.

Base frequencies were visualized by the Seqlogo
program (Schneider & Stephens, 1990). Frequency
analysis was done by the chi-square test.

3. Results and discussion

(i) Consensus sequence for Tc1

Like most transposable elements of the mariner fam-
ily, Tc1 is known to have an absolute TA target site
(Anderson, 1995; Plasterk et al., 1999). Analysis of
consensus target sequences of Tc1 around the TA site
has previously been reported, (1) on data obtained
from Tc1-induced mutants (Mori et al., 1988; Eide &
Anderson, 1988), (2) from PCR-detected insertions
within a single gene (van Luenen & Plasterk, 1994),
and (3) from analysis of Tc1 flanking regions in
strains carrying high number copies of transposons
(Korswagen et al., 1996). Our results, based on the
alignment of 588 sequences, show the following con-
sensus sequence: AYATATRT (Fig. 1, top) (R=G or
A; Y=C or T). In this consensus, the A at position
x3 and the T at position +3 are the more conserved
(75% and 73% respectively). Although the consensus
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Fig. 1. Consensus target sequence of C. elegans transposons Tc1 (top), Tc3 (middle) and Tc5 (bottom) drawn by the
Seqlogo program. For each position, the size of the letter represents the frequency of occurrence. Numbers below the
sequence represent the base position mentioned in the text. Numbers above the sequence represent the percentage
occurrence of the preferred base at positions x3 to +3. The analysis is based on 588, 223 and 197 new independent and
distinct insertions, respectively.

Table 1. Absence of bias toward a palindromic sequence for Tc1 insertion sites

Position in sequence

+1 +2 +3

T C A G T A

Percentage (and number) of
occurrence in all sequences

51%
(n=301)

22%
(n=132)

32%
(n=192)

30%
(n=178)

73%
(n=430)

15%
(n=91)

Percentage of occurrence in sequences where
A is the mirror basea 54%

(n=178)
75%
(n=335)

T is the mirror base 32%
(n=96)

15%
(n=12)

G is the mirror base 24%
(n=27)

C is the mirror base 31%
(n=43)

a The mirror base for positions +1, +2, +3 is the base at position x1, x2, x3 respectively.
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sequence might suggest that Tc1 prefers palindromic
sites, detailed analysis shows that this is not the case.
First, only 38 of the 588 insertions (6%) display a
6-base palindromic sequence around the central TA.
Second, careful analysis of the bases at mirror pos-
itions indicate that there is no preference for the
complementary base. For instance, whereas the oc-
currence of an A at position +2 is 32% in all Tc1
insertions, it is also 32% among the insertions carry-
ing a T at positionx2, indicating that the complemen-
tary base is not preferred (Table 1 recapitulates these
frequencies for positions 1 to 3). This deviation from
the palindromic sequence was already visible in the
sequences reported in a previous study, albeit on a
smaller sample (van Luenen & Plasterk, 1994). The
consensus obtained from our Tc1 insertions differs
from the one published by Korswagen et al. (1996). In
this study, performed on sequences obtained from
strains carrying many copies of Tc1, the consensus
CAYATATRTG was reported (Korswagen et al.,
1996). We do not find any base preference at position
4 and following, nor at position x4 and upstream
(Korswagen et al., 1996). Re-examination of the data
presented in this paper suggests that the bias toward a
C/G at position x4/+4 is not statistically sustained.

(ii) Consensus sequence for Tc3

Like Tc1, the Tc3 transposon is known to insert at
TA sites (Collins et al., 1989; Anderson, 1995). A con-
sensus target sequence for this transposon has been
proposed based on 166 insertions occurring at 29 sites
within a 1 kb region of the gpa-2 gene (van Luenen
& Plasterk, 1994). The consensus sequence was TAA/
CTATTT/A. Our results, based on 223 independent
and distinct Tc3 insertions, reveal the consensus
ATATATTT (Fig. 1, middle). No base preference is
seen outside of the consensus. This result confirms
that the Tc3 preferred target site is A/T-rich and non-
palindromic. The discrepancy with the results ob-
tained on gpa-2 insertions might be due to the sample
size. Bases upstream and downstream of the 8-base
consensus sequence ATATATTT (positions x13x4
and +4+13) do not show any particular motif. They
are more A/T-rich (65%) than the average genome
composition, as expected around an 8 basepair A/T
stretch.

(iii) Consensus sequence for Tc5

Tc5 was described as having a CTNAG target site,
with T and A present at all times (Collins & Ander-
son, 1994). No large-scale analysis of Tc5 insertion
sites has been published. Our study, based on 197
independent and distinct Tc5 insertions, produces
the consensus : C/ACTNAGG/T (Fig. 1, bottom). N
shows an even distribution of all four bases. Preferred

bases at positions x1 and +1 are C and G respect-
ively (76% and 79%). In the remaining cases, there is
a strong bias for the other pyrimidine/purine, so that
the consensus could also be written C/AYTNARG/T.
Extension of the analysis to positions x3/+3 reveals
a slight preference for C/T at position x3 and A/G
at position +3 (P<0.001 and P<0.02 respectively).
Contrary to the Tc1 and Tc3 target sites, Tc5 prefers
palindromic sequences on each side of the TNA. For
instance, a G is detected at position +1 in 79% of
sequences overall, but in 85% of sequences where C
is the mirror base, and in only 70% of sequences
where T is the mirror base. This tendency, however,
does not apply to positions 2 and 3, for which the pres-
ence of a base on one side does not favour the pres-
ence of the matching base on the other side. Overall,
19% of Tc5 insertions are palindromic around the
TNA site.

In summary, this short paper better defines the in-
sertion sites of C. elegans transposons Tc1, Tc3 and
Tc5. In the case of Tc1 and Tc3, which are members
of the mariner family of transposons, consensus sites
are not palindromic.
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