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Abstract

The presence of short inversions in non-coding plastid DNA is universal and an integral part of its evolution. We studied 
the effect of these structural changes in phylogenetic inference by measuring phylogenetic accuracy as a topological 
congruence among topologies inferred from plastid and nuclear sequences in ferns (Lindsaea) and mosses 
(Brachytheciaceae). We randomly replicated ten subsets of both groups and tested the performance of various coding 
schemes and phylogenetic methods. Our results demonstrate that short inversions do interfere with phylogenetic 
analysis, leading into incongruent topologies. The phylogenetic accuracy was increased by removing inversions or 
applying various coding schemes to them. Parsimony analyses resulted in greater accuracy than maximum likelihood or 
Bayesian analyses, but this was at least partly explained by slightly poorer resolution of parsimony trees. Due to the great 
importance of non-coding plastid DNA in species-level plant systematics and the frequency of structural rearrangements 
in it, we recommend these kinds of data be carefully explored before analysis, and the possible rearrangements to be 
optimised.
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Introduction

Non-coding plastid DNA sequences are widely and increasingly used in lower level plant systematic studies 
(Shaw et al. 2005). It has been noticed that evolutionary processes of these sequences often result in a 
formation of peculiar structural patterns, which are most parsimoniously explained as small-scale 
rearrangements (e.g. Kelchner 2002). Most notably, minute inversions (less than 50 bp in length) are common 
and widespread in the plant plastid genomes (Kim & Lee 2005), and they have been reported from a variety of 
plants ranging from angiosperms (e.g. Kelchner & Wendel 1996, Sang et al. 1997, Graham et al. 2000, Kim & 
Lee 2005, Bain & Jansen 2006, Storchova & Olson 2007, Catalano et al. 2008), pteridophytes (Lehtonen & 
Tuomisto 2007) and bryophytes (Quandt et al. 2003, Huttunen & Ignatov 2004, Hernandez-Maqueda et al. 
2008). In addition to non-coding cpDNA regions, minute inversions occur in mitochondrial genomes of plants 
(Dumolin-Lapègue et al. 1998) and are also widespread in animals (Blakeley et al. 2006, Chaisson et al. 
2006).

This type of short inversions is easily overlooked and treated as multiple independent substitutions in 
phylogenetic inference (Kelchner & Wendel 1996, Kelchner 2000, Mes et al. 2000). Furthermore, 
heterogeneous mutations leading to a stem-loop secondary structure may create a ‘mutational trigger’—a 
sequence pattern that increases the likelihood of subsequent change (Kelchner 2000). Hence, the apparent 
character non-independence biases analyses and may become a major problem for the phylogenetic inference 
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al. 2000). Although repeats do not necessarily affect tree topology, they are often more informative and less 
homoplastic than single base substitutions (Graham et al. 2000). Their treatment in phylogenetic analyses 
may also be important for phylogeny reconstruction, especially if gaps are treated as a fifth character state. 
Several base pairs long repeats will then lead to unnecessary upweighting of an indel event which often is the 
result of one event. 
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