
 
 

Genome-Scale Phylogenetics: Analyzing the Data 
Frontiers in Phylogenetics Fourth Annual Symposium 

Warner Brothers Theatre, National Museum of American History,  
Washington, DC, Monday, September 15, 2014 

SCHEDULE 
 

8:00  Coffee and Continental Breakfast Service in Constitution Café  
9:00   Introductions  

Michael Braun, National Museum of Natural History 

9:05  Welcome to the Smithsonian 
John Kress, Interim Undersecretary for Science, Smithsonian Institution 

9:15  Overview and Logistics 
Guillermo Ortí, George Washington University 

9:25 Phylogenomics and Next-Generation Inferences: the Future of 
Phylogenetics in an Era of Big Data 
Lacey Knowles, University of Michigan 

10:05  Break 
10:30   Deep Metazoan Phylogeny and the Utility of Taxon-Specific Ortholog Sets 

Kevin Kocot, University of Queensland, Brisbane 
11:10 A Phylogenomic View on the Early History of Gnasthostome Evolution: Is 

One Tree Enough? 
Ingo Ebersberger, Goethe University, Frankfurt 

11:50  Lunch Break 

1:30 Distinguishing Methodological and Biological Causes of Gene Tree 
Discordance in Phylogenomic Datasets 
Derrick Zwickl, University of Arizona 

2:10  Filtering and Partitioning Strategies for Phylogenomic Analyses 
            David Swofford, Duke University & Nat’l Evolutionary Synthesis Center  

2:50  Break 

3:10 Genome-scale Phylogenetics in the Presence of Hybridization and 
Incomplete Lineage Sorting  
Luay Nakhleh, Rice University 

3:50  Joint Inference of Gene Trees and Species Trees at the Genomic Scale 
Bastien Boussau, University Claude Bernard, Lyon 

4:30  Round Table Discussion With All Speakers 

  Symposium will be followed by a Reception in NMAH 

Webcast	  -‐	  http://www.ustream.tv/channel/Smithsonian-‐On-‐UStream-‐TV 
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ABSTRACTS 

Bastien Boussau, University Claude Bernard, Lyon 
Joint Inference of Gene Trees and Species Trees at the Genomic Scale 
 
Gene trees are typically reconstructed solely based on a gene alignment. Algorithms that 
take as input a species tree in addition to the gene alignment produce more accurate gene 
trees, but they require accurate species trees, which are not always available. In this talk I 
will present our efforts to infer species trees and gene trees at the genomic scale, using 
probabilistic models of gene duplication, transfer, and loss. I will briefly explain how the 
methods work, and show results on simulated and real data. Our methods infer accurate 
gene and species trees, and provide new insight into genome evolution. 
 
Ingo Ebersberger, Goethe University, Frankfurt 
A Phylogenomic View on the Early History of Gnasthostome Evolution: Is One Tree 

Enough? 
 
The emergence of jawed vertebrates (gnathostomes) around 450 to 500 million years ago 
comprises a key step in organismic evolution. Contemporary gnathostomes unite three 
major lineages, the cartilaginous fishes such as rays and sharks, the ray-finned fishes 
representing among others the bichir the sturgeons and the teleosts, and eventually the 
lobe-finned fishes, comprising the coelacanths, the lungfishes, and the tetrapods. 
Morphological data together with phylogenetic analyses of individual- and multi-gene 
sets indicate that the cartilaginous fishes branched off first during gnathostome evolution. 
However, the support is not unequivocal. The character polarization in morphological 
analyses appears not as clear as hitherto thought. Recent additions to the fossil record 
indicate that the reduced appearance of various morphological traits in the cartilaginous 
fishes does not always represent the ancestral status. In the same line, a fraction of the 
molecular data supported either a grouping of the cartilaginous fishes with the ray finned 
fishes, or alternatively with the lobe-finned fishes. 
 
Here I will present the analysis of a phylogenomic dataset comprising 480 genes 
ubiquitously present in gnathostomes and their closest relative, the lamprey, to shed 
further light on the deep splits in gnathostome evolution. Our results suggest that 
insufficient phylogenetic signal or compositional heterogeneity in the data alone cannot 
explain the presence of incongruent gene trees in the data. This indicates that more than 
one tree is required to explain early gnathostome evolution. 
 
Lacey Knowles, University of Michigan  
Phylogenomics and Next-Generation Inferences: the Future of Phylogenetics in an Era of 
Big Data 
 
Rapid shifts in taxonomic scope and numbers of loci are transforming phylogenetics. 
However, the awe of the scale of Big Data itself stands in the way of the field taking full 
ownership of this revolution, with opportunities currently being overshadowed by a 
number of challenges. These new challenges include a consideration of the tradeoffs 
surrounding data capture (especially, sampling of loci relative to taxa) and this impact on 
phylogenetic analyses, as well as an emphasis on broad objectives and future 
interoperability (as opposed to ease of data capture) as phylogenomic priorities. Because 
of the myriad of compromises researchers make in response to new data types, more data 
is not equal to better inference. I discuss how next-generation inferences – with reference 



to both examples of estimating evolutionary relationships and addressing biological 
questions in phylogenetic frameworks – are key to the future of phylogenetics in an era of 
big data. 
 
Kevin Kocot, University of Queensland, Brisbane 
Deep Metazoan Phylogeny and the Utility of Taxon-Specific Ortholog Sets 
 
Orthology determination based on a set of pre-defined orthologs is a powerful and 
computationally tractable approach to identify molecular data suitable for genome-scale 
phylogenetics. However, genes that are single copy among the taxa used to prepare such 
a set may have undergone lineage-specific duplications in other clades, suggesting taxon-
specific core ortholog sets are advantageous. I will present studies of deep metazoan 
phylogeny based on custom sets of core orthologs that are specific to the taxon sampling 
of a given project. By selecting a small but representative subset of around 5-10 taxa with 
high quality transcriptomes (and ideally at least one taxon with a high quality genome) 
and using all-versus-all BLAST, OrthoMCL, and our PhyloTreePruner software, 
HaMStR core ortholog sets that are specific to a group of interest can easily be generated. 
Importantly, these core ortholog sets tend to contain many more genes than the sets based 
on broader taxon sampling. Starting from a larger pool of orthologous sequences allows 
for stricter gene selection criteria, enabling the investigator to exclude genes with e.g., 
large amounts of missing data, few unambiguously aligned positions, a high rate of 
evolution, different rates of evolution among taxa, etc. 
 
Luay Nakhleh, Rice University 
Genome-scale Phylogenetics in the Presence of Hybridization and Incomplete Lineage 

Sorting  
 
Hybridization plays an important role in the evolution and adaptation of various 
eukaryotic species, and results in reticulate evolutionary histories that are best modeled 
by phylogenetic networks. Incongruence among gene trees estimated from the sequences 
of multiple loci has been utilized as the main signal for inference of phylogenetic 
networks. However, it has been shown in several studies that both hybridization and 
incomplete lineage sorting (ILS) could be at play simultaneously. In such scenarios, 
methods for phylogenetic inference must account for both processes at the same time, as 
ignoring ILS results in incorrect estimates of the evolutionary history.   
 
In this talk, I will describe a phylogenetic network model that incorporates hybridization 
and ILS, and describe new methods for inference of such phylogenetic networks from 
multi-locus data sets. In particular, I will briefly describe a maximum parsimony 
inference approach that uses gene tree estimates as input. Then, I will describe in more 
detail our maximum likelihood inference methods, which could use either the sequence 
alignments of the loci or their estimated gene trees. I will demonstrate the performance of 
the methods on both biological data sets and synthetic ones. All the methods have been 
implemented in our open-source software package, PhyloNet, whose use I will briefly 
describe.   
 
David Swofford, Duke University and National Evolutionary Synthesis Center 
Filtering and Partitioning Strategies for Phylogenomic Analyses 
 
Contrary to common predictions of several years ago, the availability of genome-scale 
data for phylogenetic inference has made selection of appropriate data and choice of 
adequate models more important than ever.  With the reduction in sampling variance 



associated with the large number of sites, systematic biases play an increasingly 
important role; incorrect or dubious results that might have been dismissed as poorly 
supported with fewer data may now be reinforced by extremely high bootstrap values or 
posterior probabilities when hundreds of genes are included.   
 
A problem with using more complex, but realistic, models is that they become intractable 
for the amounts of data typically available from next-generation sequencing 
studies.  Violations of assumptions involving homogeneity across sites and through time 
are particularly problematic.  After reviewing previous work on methods for data and 
model selection that attempt to cope with these issues, I will describe some new 
approaches for detection of misinformative sites and identifying blocks of homogeneous 
data that might be helpful, but are fast enough to be applicable to very large data sets. 
 
Derrick Zwickl, University of Arizona 
Distinguishing Methodological and Biological Causes of Gene Tree Discordance in  
Phylogenomic Datasets 

 
Gene tree discordance is ubiquitous in phylogenomic datasets.  The multispecies 
coalescent is a null model of gene tree discordance that describes the discordance 
expected due to the neutral process of incomplete lineage sorting (ILS).  Significant 
deviation from the expectations of the multispecies coalescent indicates that some force 
besides ILS has affected patterns of discordance.  Such deviations can be caused by 
biological processes such as hybridization, gene flow, and selection, as well as by 
methodological biases introduced at some step in the phylogenomic analysis pipeline.  
Distinguishing between such "real" and artifactual causes of deviation from expectations 
is clearly critical before collections of gene trees are used to draw biological conclusions 
or input into species tree inference methods.  We have developed straightforward 
statistical and graphical methods that can be used to characterize the discordance present 
in a collection of gene trees, and to compare patterns of discordance induced by different 
analysis pipelines.  Our methods work at the level of rooted triplets of taxa, allowing 
them to summarize discordance in localized parts of a phylogeny, and to accommodate 
common features of phylogenomic datasets such as different gene tree taxon sets and lack 
of phylogenetic resolution. I will introduce these methods, and demonstrate their use on 
an empirical dataset from the rice genus (Oryza). 
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