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Outline 
•  Introduction – Overview of current coalescent based 

methods/software and their limitations. 

•  Theoretical background – Quartet sampling, inferring 
splits and constructing trees from inferred quartets. 

• Methods – Simulations and analyses with RAxML and 
SVDquartets. 

• Results – Comparison of trees inferred using quartet 
sampling under the coalescent model versus 
concatenation. 

• Discussion – Future directions for phylogenomics using 
coalescent based methods. 



The multispecies coalescent (MSC) 
• Model for inferring species 

relationships that 
incorporates incongruence 
among gene trees 
resulting from incomplete 
lineage sorting (ILS). 

• Ex: species tree 
(((A,B),C),D), gene tree 
((A,B),(C,D)). 

• Useful for inferring 
relationships among taxa 
where speciation has 
occurred rapidly (i.e., when 
branch lengths are short). 

Adapted from Degnan and Rosenberg (2009; 
Figure 1b). 



Inference with the MSC: what are the 
data? 

DNA Sequences 

•  Species trees are inferred 
directly from sequence data 
using a hierarchical 
Bayesian model. 

•  Sequence data èGene 
trees èSpecies tree. 

•  Gene trees are integrated 
out using MCMC to get the 
distribution of species trees 
given the sequence data. 

•  *BEAST, BEST. 

Gene Trees 

•  Species trees are inferred 
from a collection of 
separately estimated gene 
trees. 

•  STAR, STEM, STELLS, 
STEAC, MP-EST. 



Pros and cons – Gene trees 
• Pros: 

•  Simple (much smaller 
parameter space). 

•  maximum likelihood 
implementation – no 
specification of priors. 

• Cons: 
•  Relies on summarized 

estimates of gene trees. 
•  single θ (4Neµ: Ne –

effective population size, µ 
– mutation rate). Adapted from Kubatko (2009; Figure 1). 



Pros and cons – DNA sequences 
• Pros: 

•  Incorporates gene tree 
uncertainty. 

•  allows for heterogeneity in 
tree parameters. 

• Cons: 
•  MCMC is computationally 

expensive. 
•  complexity of parameter 

inference increases greatly 
with added taxa and loci. 



The issues 

Adding more taxa 

•  Increase the chance of 
heterogeneous processes 
influencing phylogenetic 
inferences. 

•  Gene trees – single value of 
theta is inappropriate. 

•  Sequence data – estimating 
more theta values is 
computationally challenging. 

Adding more loci 

•  Increase the chance of 
including loci with no sequence 
variation between taxa. 

•  Gene trees – phylogenetic 
estimates lack resolution. 

•  Sequence data – estimating 
parameters for loci that 
contribute little to the resolution 
of the species tree wastes 
computational resources. 



The solution? 
• Need a coalescent based method that: 

1.  uses the sequence data directly. 

2.  scales well to phylogenomic-sized datasets. 

3.  can handle inferring large trees. 

•  This can be achieved using quartet sampling and the 
site patterns predicted by the coalescent model for a 
set of four taxa. 

•  Implemented in the program SVDquartets. 



Quartet sampling under the coalescent 

• Randomly sample 4 taxa 
from the data matrix. 

•  Infer the unrooted 
topology of the four taxa 
(split) based on the 
comparison of the 
observed site patterns to 
what is predicted by the 
coalescent model. 

• Repeat this many times, 
then use the sampled 
quartets to build the 
species tree. 



Unrooted quartet topologies 
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Inferring splits  
•  Estimate the frequencies of 

the different site patterns 
based on the observed data. 

•  Ex: For split 3,4|1,2 – pTTCA  
is the frequency of sites 
where species 3 has a T, 4 
has a T, 1 has a C, and 2 has 
an A. 

•  Compare observed patterns 
to those predicted by MSC to 
infer the correct split. 

•  Repeatedly sample quartets, 
build the species tree using a 
quartet assembly method 
(e.g., Quartet MaxCut). 



Methods 
• Simulations (50 
replicates) 
• Birth-death tree (100 

taxa, b = 0.8, d = 0.2) in 
R package geiger. 

• Sequence data (# loci = 
50,100; theta = 0.01, 
0.005) in R package 
phybase. 



Methods 
• Phylogenetic inference 

• RAxML – rapid hill 
climbing tree search 
using partitions. 

• SVDquartets – 600 000 
quartets sampled, 
species tree built using 
Quartet MaxCut. 



Methods 
Tanglegram: Reference tree vs. Coalescent Tree

Calculate the scaled Robinson-Foulds distance between simulated tree and 
trees inferred using RAxML and SVDquartets (tree.dist function in R package 
phangorn). 



Results – 50 loci, theta = 0.01 
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Results – 50 loci, theta = 0.005 
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Results – 100 loci, theta = 0.01 
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Results – 100 loci, theta = 0.005 
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Discussion 
• SVDquartets is consistently closer than RAxML to 

estimating the correct topology, with less variability in the 
trees inferred. 

• When branch lengths are short (rapid speciation, ILS 
common), utilizing the coalescent model is all the 
more important for estimating phylogeny. 

• SVDquartets provides a computationally tractable 
implementation of the MSC that accommodates 
phylogenomic-sized datasets for large numbers of taxa. 

• Where to download the software: 
•  http://www.stat.osu.edu/~lkubatko/software/SVDquartets/  



Discussion 
• What do you get? 

•  Tree topology. 

• We plan to investigate downstream analyses with the 
inferred topology to get parameters such as theta and 
divergence times. 

• How many quartets? 
•  Continue sampling until the estimate stabilizes (i.e., until additional 

quartets sampled do not change the tree topology). 

•  Additional quartets can be sampled and added to existing quartets 
(no need to redo an entire analysis with more quartets), and the 
quartet sampling is easily parallelized (e.g., for bootstrapping or 
splitting up quartet sampling). 
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