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Scales 

!! Unrooted gene trees allow arbitrary mutation rate; 

branch lengths are in expected number of substitutions  

per site. 

!! Rooted gene trees assume a molecular clock; branch 

lengths are in time units (equivalent to units for 

unrooted tree if assumption holds) 

!! Species trees are rooted; branch lengths are in 

expected number of substitutions per generation (often 

rescaled per 2N generations) per site. 



Gene Tree – Species Tree differences 

!! Estimates of gene trees can be different from each 

other when they follow the same true tree. 

!! Also, actual Gene Trees can be different from each 

other – and from the underlying Species Tree. 

!! Recombination 

!! Gene Duplication 

!! Horizontal gene transfer 

!! Deep Coalescence 



Gene Tree – Species Tree differences 

!! Estimates of gene trees can be different from each 

other when they follow the same true tree. 

!! Also, actual Gene Trees can be different from each 

other – and from the underlying Species Tree. 

!! Recombination 

!! Gene Duplication 

!! Horizontal gene transfer 

!! Deep Coalescence 



!! follows lineages of populations, branch lengths are rescaled 
to measure expected mutations per  2N generations per site. 
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(Figure from Felsenstein notes , 2005)"
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with a fixed species tree"



When times between speciation events are short - the 

probability of topology error is high"

•! Coalescent theory: time since two gene copies had a common ancestor 

is Exponentially distributed with mean 2N"

•! For the three species case this makes "

P(gene tree topology # species tree topology) ="

Where T = time between speciation events "

" " "(see next figure) "
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Note the problem: with small T, up to 2/3 of the 

probability lies with the wrong topology."
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Ref: Nei (1987) Molecular Evolutionary Genetics!

Generalized by"

Degnan & Salter (2005) Evolution"
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Current methods to estimate species phylogeny 

1. Concatenation method  
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2. Consensus method  
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Bayesian Estimation of Species Trees 
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Compare 

!! Under concatenation approaches, the gene trees are 

completely linked – all assumed to follow the same 

tree = the species tree. 

!! Under Consensus approaches, the gene trees are 

completely unlinked – the species tree is assumed to 

be the tree of highest probability across genes 

!! Under the BEST model, the genes are correlated only 

by their coalescent relationship to the common 

species tree. 



BEST Method Assumptions 

"! Given the species tree, the gene trees are conditionally 
independent. 

"! Given the gene tree, the DNA sequences are 
conditionally independent of the species tree. 

"! Random mating in each population. 

"! No gene flow after species divergence. 

"! No recombination within a locus. 



The BEST posterior 

"! The BEST method provides the joint posterior distribution 
of the gene trees and species tree. 

 

f (S,G |D) =
f (D |G) f (G | S) f (S)

f (D)
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Prob(S) in BEST 

!! Use uniform distribution for topology of 

the species tree. 

!! Independent inverse gamma 

distributions for the population sizes. 

!! Prior mean of  

!! Prior variance of 

!! This is a conjugate prior! 
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!! follows lineages of populations, branch lengths are rescaled 
to measure expected mutations per  2N generations per site. 
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Prob(G|S)!

A! B" C!

Speciation time"

Coalescent time"

Coalescent !

time"
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time"

A!1! B!1! C!1!

Species Tree! Gene Tree!

Given the species tree, gene trees are assumed independent. The joint distribution of gene 
trees given the species tree is just the product of the individual conditional probability 
distributions [an explicit formula for this distribution is given, for example, in Rannala & 
Yang (2003)]."



Gene Tree (A) compatible with a species tree (B) – more 

general situation"
FIGURE FROM RANNALA & YANG, 

2003!



"!  Suppose you have m lineages going into a population and n coming 

out."

"!   In each population, the joint probability distribution of the gene tree 

topology in the population and its coalescent times tm , tm-1 ….tn+1 is"

"!   The probability of the gene tree and coalescent times for the locus is 

the product of such probabilities across all the populations."
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Calculating P(G|S)!

Rannala & Yang (2003)"



 

2

!
H

e

{"
6t3

H

!
H

}

e

{
"2(#

HC
" t3

H
)

!
H

}$ 

% 

& 

& 

' 

( 

) 

) 

2

!
C

e

{
"2t2

C

!
C

}$ 

% 

& 

& 

' 

( 

) 

) 

2

!
HC

e

{
"6t3

HC

!
HC

} 2

!
HC

e

{
"2t2

HC

!
HC

}$ 

% 

& 

& 

' 

( 

) 

) 

e

"2(#
HCG

"(#
HC

+ t3
HC

+ t2
HC
))

!
HCG

$ 

% 

& 

& 

' 

( 

) 

) 

2

!
HCGO

e

{
"6t3

HCGO

!
HCGO

} 2

!
HCGO

e

{
"2t2

HCGO

!
HCGO

}$ 

% 

& 

& 

' 

( 

) 

) 



"!   Given the species tree, gene trees are independent. The joint 

distribution of gene trees given species tree is the product of 

probability distribution of each gene tree given species tree."
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Calculating P(G|S)!
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Implementation: MrBayes with BEST"

Step 1: Use MrBayes to propose vectors of joint gene trees 

(unlinked). 

Step 2: Given those gene trees, propose a compatible species tree. 

Step 3: Implement the chain fully within MrBayes using the usual 

properties of the MCMC as proposed by the user. 



The Algorithm"

DNA sequences 

MrBayes (prset best=1) 

Unrestricted gene tree moves 

Restricted species tree moves 

Posterior of G,S 

 annealing step to speed convergence 

 neighborhood of MT  

to increase acceptance rate 
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Calculation of the Maximum Tree 

!! Step 1: choose the smallest of the n(n-1)/2 

constraints as the first constraint (involve S1 and S2) 

!! Step 2: choose the smallest constraint in which one 

species is S1 or S2 and the other is a new species S3 

!! Step 3: repeat until all species are added into the set 

!! Step 4: build an ultrametric tree from the new set of 

(n-1) constraints. 



Properties of the Maximum Tree 

!! Provides the tree with the largest possible speciation 

times in the space restricted by available gene trees. 

!! Provides the maximum likelihood estimate of the 

species tree given a set of gene trees and equal 

population sizes. 

!! Provides a consistent estimate of the species tree 

even with unequal population sizes – as long as gene 

tree estimates are themselves consistent. 



Implemented as an add-on to 

MrBayes 

!! Use the prset command in MrBayes to 

specify the parameters of BEST 

!! Example: 

!! prset thetapr=invgamma(3,0.003) 

genemupr=uniform(0.2,1.8) BEST=1; 

!! unlink topology=(all) brlens=(all) 

genemu=(all); 



New output 

!! The species trees with divergence times and 

population sizes are saved in the 

“filename.sptree.t” file. 

!! The MrBayes “.p” will inclde the Genemu 

parameter estimates. 

!! After running sumt in MrBayes you will get  
!! a “.con” file with the consensus species tree 

!! A “.trprobs” file with the nodal posterior probabilities 

!! A “.parts” file with means & st. devs. For times and 

population sizes. 



Species Tree Notation 
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Topology: (D(C(A,B)))"
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Species Tree Notation 

A" D"C"B"
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!
AB

= 0.3, !
ABC

= 0.2, !
ABCD

= 0.25

Topology, branch lengths, & 

population sizes:!

(D: 0.035(C:0.03(A:0.02,B:0.02):

0.01#0.3):0.005#0.2)#0.25"



"!  Gene trees generated from true species tree:  

(8,(7,(6,(5,(4,(3,(1,2)))))));  then 500bp sequences 

generated along each tree.  

"!  Concatenation method finds (8,(7,((5,6),(4,(3,

(1,2)))))) with probability  0.98 

"!  BEST method finds (8,(7,(6,(5,(4,(3,(1,2))))))) with 

probability 0.96. 

"!  Applying the coalescent model successfully 

recovered the true species tree while the concatenation 
method estimated the wrong tree. 

Simulation Results: comparison with concatenation"



Example 1: Australian Finches 

   The BEST method was applied to a 

data set of three closely related 

Australian grass finches (Poephila) 

distributed in northern Australia. There 

are 30 genes and 4 species (one is an 

outgroup to root the tree) in the data. 

This data has already been analyzed by 

Jennings and Edwards, 2005.  



30 gene trees from Australian finches"

Jennings WB, Edwards SV (2005) Evolution!



Consensus method weakly supports"

hecki! acuticauda! c. atropygialis!

Long-tailed Finch"
Black-throated Finch"

Assumed phylogeny of Poephila finches 



Estimated species tree distribution using BEST"



Estimated species tree distribution using BEST"

hecki! acuticauda! c. atropygialis!

0.94 

1.0 
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0.03 

1.0 



Example 2: Yeast Data 

   Here the BEST method was applied to 

106 protein coding regions sequence3d 

from eight species of yeast. This data 

has already been analyzed by several 

authors including Rokas, et. al., 2003. 
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Example 3: Single vs Multiple 

Losses of Flight"

•! Study of 20 nuclear genes by Harshman et 

al. PNAS, 2008 105: 13462-13467."

•! Sought to resolve controversy about loss of 

flight in Ratites – using multiple methods of 

concatenated analyses."

•! Assume odds of gaining flight are much 

lower than odds of loss. "



Supermatrix (concatenation) analysis of 

paleognath relationships"

Harshman et al. 2008. PNAS 105: 13462"

*"

*"
*"

*"

*"

*Flightless birds"

Bayesian analysis:10 million generations"

Bootstrap analysis: 1000 repetitions"



Species tree (BEST) analysis of 

paleognath relationships"
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100"

Monophyletic origin "

of flightless birds"

Volant tinamous"

monophyletic"

100 million MCMC cycles"



Summary"

"!  Uncertainty in the evolutionary history can be summarized 

as a distribution of trees given the data (Bayesian approach)"

"! Multi-locus data is becoming increasingly available."

"!  Construction of species phylogenies need to combine this 

data in meaningful ways."

"!  An estimate of a phylogeny must be made together with an 

analysis of its variability."

"!  Key variables still need to be integrated into the 

methodology."

"!See www.stat.osu.edu/~dkp/BEST"


