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To what end?
“We think big data is what everyone cares about.  

It’s not.  
It’s stories.“ 

- Dr. Jessica Utts 
President, American Statistical Association

The goal is to gather ‘sufficient’ data in order to answer a question ‘robustly.’
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To what end?
“We think big data is what everyone cares about.  

It’s not.  
It’s stories.“ 

- Dr. Jessica Utts 
President, American Statistical Association

The question is what is interesting.
This is no different than it’s always been.

The goal is to gather ‘sufficient’ data in order to answer a question ‘robustly.’



A case study
A very specific question: 

What are the phylogenetic affinities of turtles? 

Brings up more general issues: 

How do we approach difficult phylogenetic problems? 

How should we approach difficult phylogenetic problems?



Turtle Phylogenetics
Overarching problem: 

Where do turtles sit in the amniote tree?
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Early approaches relied on osteology (primarily of the skull)

† 
† 

Günther 1867, Gaffney 1980

Mammals

Archosaurs

Lepidosaurs

Turtles

Osteology



Primary issue with this hypothesis

Osteology



More osteology

Gaffney 1980

Lee 2001 Contrib. to Zool

Lyson et al. 2010 Biol. Lett.

Reippel and deBraga 1996 Nature



Mitochondrial data

Molecular Information

Hedges 1994 PNAS

Strimmer and Von Haeseler 1996 MBE

Cao et al. 1998 MBE

Zardoya and Meyer 1998 PNAS



Nuclear data

Molecular Information

Iwabe et al. 2004 MBE

Hedges and Polling 1998 Science

Hugall et al. 2007 Syst Biol



Summary

Osteology

mtDNA

nuDNA



Turtle Genomics

3 genome consortia 

Several more independent studies 
 
 
 



Phylogenomics

Shaffer et al. 2013 Genome Biol



Phylogenomics
All analyses agree!



MicroRNA Result

Lyson et al. 2011 Biol Lett
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Data in Phylogenetics

11 nuclear genes4 nuclear genes

Hedges and Polling 1998 Science

Let’s take a step back. 

How have we been approaching this (and most other) phylogenetic 
questions?



Data in Phylogenetics

11 nuclear genes4 nuclear genes

A data centric view
Hedges and Polling 1998 Science

Let’s take a step back. 

How have we been approaching this (and most other) phylogenetic 
questions?



Phylogenomics
Inferences result from both data and the model

TAGGT
TTGGT
TTGGT

TTCAT

TTCTT
TTCTT

Frequencies = (A, C, T,G)



Why does this matter?
In developing a statistical model for a problem, we 
inevitably make a tradeoff
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Kumar et al. 2012 MBE
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Why does this matter?
The point.

Number of Parameters

Bia
s

Va
ria

nc
e

Amount of Data

Po
we

r Our data centric 
view focuses on this



Why does this matter?
The point.

Number of Parameters

Bia
s

Va
ria

nc
e

Amount of Data

Po
we

r

But this is our 
bigger problem
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Osteology

mtDNA

nuDNA

Phylogenomic

Where’s the disagreement coming from?



‘Big data’ turtle studies
• Chiari et al. (2012) 

• 248 transcriptomic loci 
• 12 taxa 

• Crawford et al. (2012) 
• 1,145 UCEs 
• 10 taxa 

• Fong et al. (2012) 
• 75 Sanger-sequenced loci 
• 129 taxa 

• Lu et al. (2013) 
• 1,638 transcriptomic and genomic loci 
• 11 taxa

• Shaffer et al. (2013) 
• 1,955 genomic loci 
• 8 taxa 

• Wang et al. (2013) 
• 1,113 genomic loci 
• 12 taxa



Bipartition Bayes Factors

A

B

C

E

D

Marginal likelihood 
with AB | CDE 

Bayes Factor 

Marginal likelihood 
without AB | CDE 



A Note on Extreme Probabilities

26% of genes
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A Note on Extreme Probabilities

Archosaur +  
Turtle  

Monophyly 

Shaffer et al.

Brown and Thomson 2017

The probability of 
observing these 

sequences is 100 
fold lower if 

monophyly is true.
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A Note on Extreme Probabilities

Archosaur +  
Turtle  

Monophyly 

Shaffer et al.

Brown and Thomson 2017
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of observing 
these 

sequences is 
1,000,000,000,000, 

000,000,000,000,000 
fold lower.



A Note on Extreme Probabilities

1/1,000,000,000,000,000,000,000,000,000 

That’s 27 zeroes!

If you played a lottery every minute with that chance of 
winning, you still probably wouldn’t win, unless you 

played for… 
  

the age of the universe*190,258,751,903

Jeremy’s Analogy



A Note on Extreme Probabilities

Archosaur +  
Turtle  

Monophyly 

Shaffer et al.

Brown and Thomson 2017
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Support varies across branches of the tree
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Support varies across branches of the tree
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All of these strongly supported by this dataset.
PP = 1.0



Support varies across branches of the tree
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Equivocation about turtle placement across genes
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This dataset supports turtles as sister to crocodilians. 
But what’s up with these outliers? 

How influential are they?

2 outliers



Both look like paralogs
 

 
 
Figure S3. – Majority-rule consensus tree from Bayesian phylogenetic analysis of Chiari et al.’s 
(1) alignment 8916 with added BLASTn hits from closely related reference genomes. Rooting of 
this tree is arbitrary. Original sequences from the Chiari et al. alignments are denoted with 
“_query”. Note that two or three hits were returned from each reference genome for each query 
sequence. Sequences form roughly three clades with no more than one sequence per species in 
each clade, but we did not recover a representative sequence for each species in each clade in our 
preliminary search. Regardless, the structure of the tree clearly shows that query sequences are 
not monophyletic and are unlikely to be orthologous. Note that searches using the Emys, 
Chelonoidis, and Phrynops query sequences were all conducted on the Chrysemys picta 
reference genome, so many of the hits they returned were identical. 
  

Probable 
Gene Duplications

Brown and Thomson 2017



Strong influence

Figure 1. Alternative hypotheses in the vertebrate phylogeny. Uncertainties in the vertebrate phylogeny examined in this study. (A) The five
alternative hypotheses for the placement of turtles within amniotes 1) turtles as basal amniotes, 2) turtles as basal sauropsids, 3) turtle-lepidosaur
sister group, 4) turtle-archosaur sister group, and 5) turtle-crocodilian sister group. (B) monophyletic and (C) paraphyletic alternative hypotheses for
lissamphibian (extant amphibians) relationships.
doi:10.1371/journal.pone.0048990.g001

Phylogenomics of the Vertebrate Phylogeny

PLOS ONE | www.plosone.org 2 November 2012 | Volume 7 | Issue 11 | e48990

1.0 Chiari et al.  
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Chiari et al.  
1.0

without 2 outliers
246/248 genes remain

An identical switch 
occurs for the dataset of 

Wang et al. when 
removing ~1% of genes.

Brown and Thomson 2017



A troubling, but common, result
More recent papers build on this result and find similar 
patterns:



Take homes

More data does not necessarily lead to more accuracy, or to 
consensus 

A lot of phylogenomic progress is actually about figuring out 
how to model data well, not collecting more data per se



Embrace the computational challenge 

Get very picky about our data. Careful and detailed data 
exploration is your friend. 

Carefully consider tradeoffs between speed and 
approximation

Some Possible Ways Forward



Embrace the computation

Analyses need not finish quickly 

Advances in computation help a lot here 

parallel architectures and code 

fast computation libraries 

availability of compute resources 

continual methodological improvement
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XSEDE jobs by field for 2016
Systematic and Population Biology

xsede.org



XSEDE users by field for 2016

Systematic and Population Biology xsede.org



New Tools on the Horizon

More complex models 

More efficient sampling. e.g., Hamiltonian Monte Carlo 

More efficient implementations of existing methods
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Get very picky about our data. Careful and detailed data 
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Carefully consider tradeoffs between speed and 
approximation

Some Possible Ways Forward



Some Possible Ways Forward
Embrace the computational challenge 

Get very picky about our data. Careful and detailed data 
exploration is your friend. 

Carefully consider tradeoffs between speed and 
approximation

Leaché and Rannala 2010




