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How can taxonomists best resolve the challenge of curating and analyzing large phylogenomic datasets that produce incongruent

but highly supported topologies? Betancur-R et al. used a recently established hypothesis-testing procedure on a large dataset of

genes and species to study the evolutionary relationships of characiform fishes, finding that past conclusions of non-monophyly

may have been problematic and establishing monophyly with high confidence. The new findings highlight the importance of using

dense taxon sampling to resolve conflicting relationships with phylogenomic data.

Unraveling the Tree of Life remains a challenging issue. For

decades, systematists have attempted to classify taxa based on

limited resources such as morphological characters or few DNA

markers (Nei and Kumar 2000). However, stochastic errors

can arise from such small datasets and produce misleading

phylogenetic hypotheses (Som 2014). In more recent research,

the use of large amounts of genomic data for phylogenomic

purposes can reduce these errors and contribute to resolving

taxonomic issues, for example among major bird lineages (Jarvis

et al. 2014) and neotropical frogs (Heinicke et al. 2018). Still,

the resulting phylogenies can show considerably contrasting

topologies depending on the different filtering strategies, the

number of taxa included in each clade, and the accuracy of gene

tree estimation (Herrando-Moraira et al. 2018).

In this issue, Betancur-R et al. (2019) applied a recently

developed hypothesis-testing approach, Gene Genealogy Interro-

gation (GGI), to reconcile conflicting phylogenomic inferences

and to estimate the effect of taxon sampling. The authors focused

on fishes of the order Characiformes, a clade with a longstand-

ing taxonomic controversy (see Chen et al. 2013) that has been
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resolved as either monophyletic or non-monophyletic by recent

phylogenomic studies (Fig. 1). An extended exon dataset with up

to 1051 exons and 206 species (including 23 of 24 characiform

families) was also assembled to infer the most comprehensive

phylogeny for this group to date.

The study shows how top-ranking gene trees from GGI tests

(GGI gene trees) can be used as input for summary coalescent

analyses such as ASTRAL (Mirarab and Warnow 2015) to

evaluate conflicting topologies. The monophyletic hypothesis

was consistently confirmed across all the tests, including new

tests based on an extended exonic dataset. The non-monophyletic

hypothesis was only obtained when using randomly subsampled

datasets with fewer taxa. The authors postulate that the non-

monophyly from previous studies is a spurious result arising from

limited taxonomic sampling in one study (Chakrabarty et al. 2017)

and cross-contamination in another (Dai et al. 2018). The mono-

phyly for Characiformes was also achieved when using randomly

assembled subsets of gene trees. At least in this case, the use of

denser taxon coverage appears to be more important than sequenc-

ing a large number of genes to resolve phylogenomic conflicts.

Betancur-R et al. (2019) also show that currently accepted

methods for analyzing large datasets are outpaced by the sheer

growth of data. Hence, presently applied techniques, when scaled

up, struggle to handle phylogenomic analyses due to amplified

biases and altered signal–noise ratios. Here, hypothesis-testing

procedures applied on a gene-by-gene basis have proven useful
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Figure 1. Four recent phylogenomic studies (Arcila et al. 2017; Chakrabarty et al. 2017; Dai et al. 2018; Hughes et al. 2018) supported

three different topologies (A–C) for the major otophysan lineages (Gymnotiformes, Siluriformes, Characoidei, and Citharinoidei). In this

issue, by using Gene Genealogy Interrogation (GGI) in combination with a comprehensive exonic dataset, Betancur-R et al. (2019) resolved

with high confidence the long-debated monophyly of the fish order Characiformes (including suborders Characoidei and Citharinoidei;

Topology “A”). The GGI approach applied to randomly-assembled subsets of gene trees produced the correct monophyletic topology, while

the same approach on subsampled datasets with fewer taxa frequently resolved resulted incongruent, non-monophyletic topologies

(H03 and H05).

for clarifying evolutionary relationships with phylogenomic

data.

Under particular circumstances, such as in the case of incom-

plete linage sorting, some branches in the phylogeny can hold a

large proportion of gene tree topologies that are incongruent with

the underlying species tree (i.e., the so called “anomaly zone”;

Degnan and Rosenberg 2006). In this situation, the GGI approach

(GGI gene trees) in combination with species tree methods can si-

multaneously account for gene tree error and anomaly zone issues.

Yet, it should remain critical for taxonomy to include evidence

from multiple sources (not only molecular, but also ecological,

behavioral, and morphological characters; Padial et al. 2010) in

order to confidently resolve conflicting phylogenies. This study

serves as a guideline for future projects aiming to resolve the

evolutionary structure of intractable clades, and is a crucial step

toward unraveling of the Tree of Life.
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