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Abstract

Here, we sequenced two large telomeric regions obtained from the pathogen protozoan Trypanosoma cruzi. These sequences, together
with in silico assembled contigs, allowed us to establish the general features of telomeres and subtelomeres of this parasite. Our findings can
be summarized as follows: We confirmed the presence of two types of telomeric ends; subtelomeric regions appeared to be enriched in
(pseudo)genes of RHS (retrotransposon hot spot), TS (trans-sialidase)-like proteins, and putative surface protein DGF-1 (dispersed gene
family-1). Sequence analysis of the fs-like genes located at the telomeres suggested that 7. cruzi chromosomal ends could have been the site
for generation of new gp85 variants, an important adhesin molecule involved in the invasion of mammalian cells by 7. cruzi. Finally, a
mechanism for generation of 7. cruzi telomere by chromosome breakage and telomere healing is proposed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Trypanosoma cruzi is a protozoan parasite causing
Chagas disease, an incurable and debilitating illness affect-
ing 16-18 millions of people in the Latin American region
(WHO, 2002). Besides its medical importance, trypanoso-
matids are evolutionarily interesting since they belong to one
of the earliest groups of mitochondria-containing eukaryotes,
have a highly plastic genome, and have unusual gene
organization (Zingales et al., 1997; Myler et al., 1999;
Anderson et al., 1998). Several parasites such as Plasmo-
dium and Trypanosoma brucei have developed sophisticated
evasion mechanisms to adapt to the hostile environment
posed by the host, such as exposing variable surface antigens
to escape the immune system. Genes coding for surface
antigens in these organisms are located at subtelomeric
regions, and it has been speculated that this preferred
location facilitates gene switching and expression, and the
generation of new variants (Cano, 2001; Barry et al., 2003).

In previous works, we have described the basic elements
of T. cruzi telomeres, and found that they were enriched in
(pseudo)genes from the #s (trans-sialidase)-like family and
sequences related to VIPER (vestigial interposed retroele-
ment) (Chiurillo et al., 1999, 2002). Members of the zs-like
gene family display great sequence diversity and encode
many surface proteins related with cell invasion, virulence,
and evasion from the host immune system (Weston et al.,
1999; Frasch, 2000). We speculated that the preferred
telomeric location of the fs-like family genes could be
connected to the generation of variants via non-homologous
recombination (Chiurillo et al., 1999, 2002).

Here, we sequenced and analyzed two large telomeric
regions from 7. cruzi that together with the information in 70
cruzi Genome Project database, allowed us to draw a finer
picture of the organization of telomeric and subtelomeric
regions of this parasite. We also discuss the functional
importance of this organization to explain the generation of
genetic variability, and the origins of 7. cruzi telomeres.

2. Materials and methods

2.1. Nucleotide (nt) sequencing of BAC and cosmid
telomeric clones

The telomeric BAC (BAC D6C) and cosmid (C6)
recombinants here studied were selected from 7. cruzi
(clone CL Brener) libraries constructed in pBeloBACI11 or
cosmid Lawrist-7 by hybridization with an 18-mer telomeric
probe (5-CCCTAA-3"); (Chiurillo et al., 1999, 2002).
Sheared DNA from the selected recombinants (1.6-2 kbp)
was cloned into a modified pUC18 vector via BstXI linkers.
Sequences were assembled using the TIGR assembler and
gaps were closed using a combination of BAC walking,
directed PCR or transposon insertion. In BAC D6C end-
DNA sequence readings confirmed the presence of the

telomeric adaptor and BamHI site used for cloning. Open
reading frames (ORF) were assigned by NCBI programs:
BLASTN, BLASTX, and ORF Finder.

2.2. In silico assembling of telomeric contigs

We searched TIGR T. cruzi WGS database, which
contains 994,060 sequences and represents an approxi-
mately 21-fold coverage of 7. cruzi haploid genome (ca. 43
Mb in clone CL Brener), for contigs containing the 189-bp
telomeric junction, and then they were further extended
towards the subtelomeric regions using DNASTAR MegA-
lign software. To validate in silico assembling, primers
based on the contig sequences were used to amplify, by
polymerase chain reaction, specific fragments on 7. cruzi
genomic DNA. The amplified fragments of the expected
size were cloned in plasmid vector and sequenced.

3. Results
3.1. Sequence organization of T. cruzi telomeres

Assembling of shotgun sequences from recombinant
BAC D6C and BLAST search analysis allowed the
construction of the map presented in Fig. 1. A summary
of the characteristics of the 29,248-bp contig in BAC D6C is
as follows, from telomere to centromere (right to left).

(1) A telomere sequence type II (Chiurillo et al., 1999)
whose basic elements are 66 copies of hexameric repeats
5-TTAGGG-3/, followed by a 189-bp junction, a truncated
sequence of 100 bp from the 5-UTR (untranslated region)
of a gp85 gene (GenBank accession no. M64836) from
group II of the #s-like family, the spacer between two gp85
genes, a sequence of 530 bp without homology in GenBank
database, and short interspersed repetitive element (SIRE)-
associated sequence (SAS) SZ23 (Vazquez et al., 1999,
2000). In addition, we identified two sequences between nt
26,572 and 27,845 that share 84-86% of identity with the
recently described L1Tc non-long terminal repeat (LTR)
retrotransposon flanking sequences Seq3Tc (Olivares et al.,
2000). These elements are part of (pseudo)genes of 7. cruzi
rhs family (Bringaud et al., 2002a). Translation of the
subtelomeric rhs-related sequences showed the presence of
three putative peptides of 115, 344, and 178 aa (amino acids),
and the derived aa sequences shared 28-30% identity with
the 7. brucei RHS proteins, including an ATP/GTP binding
motif and a putative insertion site for retroelements (Bring-
aud et al., 2002a) (Fig. 2). This result confirmed the presence
of T. brucei RHS-like sequences in the subtelomeric regions
of T. cruzi (Bringaud et al., 2002a). The block containing the
telomeric unit (excepting the 189-bp junction) plus the rhs
(pseudo)gene (Seq3Tc sequence) is 2.6 kbp long, and part of
it was duplicated upstream of an asp-2 (amastigote surface
protein-2) (pseudo)gene (coordinates 18,156 to 20,611) from
group II of the #s-like family (Low and Tarleton, 1997).
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