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a b s t r a c t
Extensive gene duplication arranged in a tandem array is rare in the plastome of embryophytes. Interestingly, we
found pseudogene copies of the trnF gene in the genus Jaltomata, the sister genus of Solanum where such gene
duplication has been previously reported. In each Jaltomata sequence available we found two pseudogene copies
in close 5 -proximity to the original functional gene. The size of each pseudogene copy ranged between 17 and
48 bp and the anticodon domain was identi ed as the most conserved element. A common ATT(G)n motif is particularly interesting and its modi cations were found to border the 3 of the duplicated regions. Other motifs
were partial residues, or entire parts of the T- and D-domains, and both domains proved to be variable in length
among the pseudogenes identi ed. The residues of the 3 and 5 acceptor stem were not found among the copies.
We further compared the newly discovered copies of Jaltomata with those ones previously described from
Solanum and inferred phylogenetic relationships of the copies aligned. The evolution of Solanum copies, in
contrast to Jaltomata, is hard to explain as resulting only in parsimonious changes since reticulate evolutionary
patterns were detected among the copies. The dynamic evolutionary patterns of Solanum might be explained
by possible inter- or intrachromosomal recombination.

1. Introduction
Pseudogenes are fragments of non-functional genomic DNA with
high sequence similarity to normal functional genes (Chen et al.,
2011; Nishishta et al., 2013). Since the plastome of embryophytes is
known for its high degree of conservation in size, structure, gene content and linear order of genes (Palmer, 1991), such elements are rarely
reported. Most structural mutations are composed of smaller indels
(b10 bp) and the occurrence of large or complex rearrangements is
sparse. Duplication of plastidic genes has been reported (Lindholm
et al., 1991; Wakasugi et al., 1994) and transfer RNA (tRNA) genes
might be involved in such processes via various molecular mechanisms
(Hirasuka et al., 1989; Howe et al., 1988). However, the duplication of
entire tRNA genes or their arrangement in a tandem array composed
by multiple pseudogene copies is extremely rare in the plastome.
Examples are known for the tandemly duplicated trnT(GUU) (Hirasuka
et al., 1989; Howe et al., 1988), trnS(GCU) (Tsai and Strauss, 1989) and
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trnY(GUA) (Hipkins et al., 1995). The duplication of the trnF(GAA) gene
has also been described from Asteraceae (Vijverberg and Bachmann,
1999; Wittzell, 1999), Annonaceae (Pirie et al., 2007), Brassicaceae
(Koch et al., 2007) and Juncaceae (Drábkova et al., 2004). The adjacent
tRNA genes, trnT(UGU), trnL(UAA) and trnF(GAA) are located in the large
single copy region of the chloroplast genome. They are co-transcribed
and interspersed by two intergenic spacers and by a group I intron intercalated within the rst and second exons of the trnL(UAA) gene. This
region has been widely used in phylogenetic analyses of embryophytes
and to address various questions of population genetics since the development of universal primers by Taberlet et al. (1991).
In our recent and ongoing molecular studies of the genus Solanum
(Solanaceae), we encountered a tandem repeat comprising of two to
four pseudogene copies upstream of the original trnF gene in four species of Solanum (Poczai and Hyvönen, 2011). We have characterized
these structural duplications and shown that they consist of several
highly structured motifs, which are partial residues, or entire parts of
the anticodon, T- and D-domains of the original gene, but all lack the
acceptor stems at the 5 - or 3 -end. We were further interested to evaluate the possible occurrence of complete or partial trnF pseudogenes
in the genus Jaltomata. Recent molecular phylogenetic studies identied Jaltomata as the sister genus of Solanum (Hu and Saedler, 2007;
Olmstead et al., 1999; Weese and Bohs, 2007) and the two genera
make up together the tribe Solaneae (Olmstead et al., 2008). With
about 60 species Jaltomata is a much smaller clade than Solanum, which

