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INTRODUCTION

Phylogenetic analyses of large and diverse data sets generally result in
large sets of competing phylogenetic trees. Consensus tree methods used
to summarize sets of competing trees discard important information
regarding the similarity and distribution of competing trees. A more fine
grain approach is to use a dimensionality reduction method to project
tree-to-tree distances in low dimension Euclidean space [1]. Such an
approach gives us a way to better understand the processes and patterns
of evolution and well as how well suited our models and methods are
performing. For example, analyses of different data partitions may
support different phylogenies because reconstruction methods
sometimes fail to adequately accommodate process heterogeneity
underlying data partitions found within an alignment [2, 3, 4, 5] or
because some data partitions simply do not share the same evolutionary
history [6]. Furthermore, large data sets are typically more
computationally challenging to analyze and often call for more extreme
heuristic shortcuts, which may fail to converge to a global optimum [7].

In this study, first, we systematically evaluate the performance of
several nonlinear dimensionality reduction (NLDR) methods on several
tree-to-tree  distances obtained from independent nonparametric
bootstrap analyses of genes from three mid- to large-sized mitochondrial
genome alignments. Second, we apply the most reliable NLDR method
to visualize the consequences of removing potentially misleading
characters from an alignment of 169 Elasmobranch protein coding
sequences comprised of 1 mtDNA and 7 nuclear loci. Characters were
removed from the alignment based on how well they fit a model of
stationarity using a program called DRUIDS [8]. We expect that sets of
trees favored by individual loci will be more difficult to distinguish in
projections (i.e., landscapes) of phylogenetic trees obtained from
analyses of an alignment after the DRUIDS filter is applied.

Study Goals

. Evaluate the performance and goodness of fit of several popular
distance-based NLDR methods

. Compare the tree projects of different mtDNA data sets

3. Evaluate different tree-to-tree metrics

4. Evaluate the effect of nonstationary characters on tree inference.

Methods of NLDR
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N

Data

Number of Sequences Reference
Fishes 9 [9] Setiamarga et al., 2008

Mammals 89 [10] Kjer and Honeycutt, 2007

42 [11] Zhang et al., 2008

TABLE 1. Aligned whole mitochondrial DNA (mtDNA) genomes were obtained from three
published studies representing|a diverse set of animal taxa.
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FIGURE 1. Two-dimensional projections of 3011 non-parametric bootstrap trees from the

salamander data set using four cost functions (x-axis) and three optimization algorithms (y-

axis). The colors represent the underlying genes used to generate the trees (see Table 2)
* Kruskal-1 uses the linear iteration method instead of the stochastic gradient descent
method used by the other cost functions in this row.
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TABLE 3. Three goodness of fit measures used to evaluate each combination of cost
function and optimization algorithm: INN = 1 Nearest Neighbour [13], CON = Continuity
[14] and TRU = Trustworthiness [14].

Landscapes of mtDNA Gene Trees

FIGURE 2. Two-din i projecti of 6001 Is (a) and 7022 Fishes (b))
non-parametric bootstrap trees using CCA with stochastic gradient descent.
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TABLE 4. The number of ML (GTR+ /~+Pinvar) nonparametric bootstrap (100
replicates) trees and the number of characters in each gene partition before and
after the DRUIDS filter
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FIGURE 4. Projections of bootstrap and Bayesian trees obtained from the analysis of
unfiltered and DRUIDS filtered alignments. Each locus was analyzed independently. RF-
distances were calculated on concatenated sets of trees obtained from each analysis
and RF-distances were projected using CCA and Stochastic Gradient Decent (i.e., a
dimensionality reduction method). The colored points in the left projections represent
trees favored by different loci. The colors in the right plots represent trees obtained

from unfiltered and DRUIDS filtered alignments. No characters were removed by the
DRUIDS filter for the SCFD2 locus.

Quantitative Comparisons

Random Index
Method

Original 3D Original 20

Unfiltered 0.997972 0.998986 0.998986

‘DRmD ‘ 0.997965 ‘ 0.997965 ‘ 0.997965 ‘ 0.1397 ‘ 0.1456 ‘ 0.1442 ‘
Filtered

TABLE 5. Two cluster-based methods were used to quantify whether the DRUID
filtered data lessened the distinction among sets of trees favored by different loci.
Both the 1NN [13] and Random Index Methods suggest that filtering the data does
not lessen the distinction, which is consistent with our visualizations.
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