Repetitive DNA profile of the amphibian mitogenome
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Using the repeat sequences as a tool for Identification of the amphibians
We show an example of the possible use of repeat sequences as a tool for the identification and
classification of amphibians. In figure Additional files 5a, we present the relation between direct
repeats and inverted repeats in the members of the amphibian family Ambystomatidae that we
included in our study. The results show that using a comparative method is possible to detect
differences in the relation of repeat sequences, particularly in sizes between 9 to 14 for this family.
These differences allow us to discern between the species of the family Ambystomatidae, thus can

potentially be implemented as a way for the identification of organisms.
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Additional files 5a. Differences in the relation of direct and inverted repeats in the
Ambystomatidae family as an example of how it is possible to discern among species. The
relation between direct and inverted shows that the repeat sequences can potentially be employed
as a tool to discern among species. The x-axis shows a relative scale of the number of repeats. The

y-axis shows the relation between direct and inverted repeats (direct repeats/inverted repeats).

Using the repeat sequences as a tool for classification of amphibians

Amphibians are organisms that present great variability in the size and structure of their genomes.
Therefore, the classification of these organisms is still subject of debate [1]. Using as an example
the Ambystomatidae family, we can notice that the information of the reference databases to obtain
phylogenetic information about the amphibians (NCBI taxonomy, AmphibiaWeb, and The Tree
of Life Web Project (http://tolweb.org/Ambystomatidae/15448)) display that the majority of
Ambystoma species as almost identical, even when there is evidence that these organisms present
an extremely flexible reproductive system [1, 2]. Some species are sexual, unisexual, or present
different ploidy levels, which result in numerous biotypes [2, 3]. Phylogenetic studies trying to
implement a taxonomic classification of the Ambystomatidae family have shown that even when
using nuclear and mitochondrial markers, the phylogenies differ depending on the employed
method [1, 4]. Here, we show how the identification of the repeat sequences can be implemented

as a complementary method to resolve discrepancies in the amphibians' classification.

Examples of discrepancies in phylogenies of the family Ambystomatidae
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We show in figure Additional files 5b how the relation of repeat sequences generates five
different groups. Demonstrating that the mitogenomic structure, based on repeat sequences, is able
to display relationships among organisms. For example, the genomes of A. unisexual, A.
Californiense, and A. laterale display a greater similarity in the repeat sequences compared with
the other members of the Ambystomatidae family. We can see as well that A. bishopi and A.
texanum present a relation of repeat sequences nearly similar. It is worthwhile to mention that the
majority of the classifications of the Ambystomatidae family place A. mexicanum near to A.
californiense, while the relation of repeat sequences displays that A. mexicanum seems to be a
special case in this family showing less variability in the number of repeats compared with their
closer relatives, but if we construct a phylogenetic relationship A. mexicanum should be near to A.
dumerilii and A. barboury, at least when using the relation of repeat sequences. The last
comparison of A. mexicanum is congruent as well with ecological and geographic evidence. A.
mexicanum is a species restricted to Mexico and presents a reduced population, for which we
hypothesize limits the changes generated in its mitochondrial DNA. Our results presented in figure
Additional files 5b support the phylogeny of Williams et al. 2013 that it is displayed with the
letter B in the figure of examples of phylogenies. Using repeat sequences can serve as a
complementary tool that can help with the classification at the level of families or orders rather
than the creation of a global classification of organisms, but we need to take into account
information as the distribution of repeat sequences, the abundance of repeat sequences with
different sizes, or the comparison of the abundance of repeat sequences in the phylogenetic tree
that can contribute to spot differences that lead to a classification. Here, we show an example only
based on the relation of direct and inverted repeat sequences. However, we consider that the
creation of profiles of repeat sequences rather than solely the number of repeat sequences is the
information that should be used to create effective classifications. Otherwise, classification or
identification based only on the number of repeat sequences could be limited, but not impossible
as several authors have shown recently with the creation of phylogenies based in repeat sequences.
[5, 6].

The differences in the relation of repeat and inverted sequences in the mitogenomes allow us to
see differences to discern among species, and at the same time, we can obtain relationships, based

in the mitochondrial repeat sequences, that can be used for classification.
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Additional files 5b. Resolving discrepancies in the classification of the Ambystomatidae
family. Relation of direct and inverted repeat sequences (direct/inverted) showing how it is

possible to group the Ambystomatidae family, which can help us to solve the discrepancies in their
classification.
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