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Genealogies 

• Genealogies describe the ancestral 
histories of individuals in a population 

• The times to most recent common 
ancestry (tMRCA) can be used as a proxy 
for relatedness.  

• Superimposed on genealogies are 
mutations that may be associated with 
phenotypic traits. 

• Consequently, genealogies have been 
used to model the distributions of 
mutations, and their associations to such 
traits.  



 

The Kingman coalescent describes the genealogy of a sample of 
sequences from a large population.  
 
The expected time for each coalescent interval is exponentially 
distributed with mean                                         generations, where             
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Simulating from the Coalescent 

1. Select two individuals at random from the 
number of individual lineages, n, that have 
yet to coalesce. 

2. Draw a random variable from the 
exponential distribution with mean 2N/n(n-
1) 

3. join the two lineages drawn in Step 1, after 
the interval has elapsed.  

4. If n=2, stop; otherwise, set n to n-1 and 

return to Step 1.  

.  

 





Phylodynamics Grenfell et al. 2004 Science 303 
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tMRCAAB ~ exp(1/N) 
 
E[tMRCAAB] = N 



Given that we know 
tMRCAAB, what do we 
know about tMRCACD? 



Simulation Analysis 

 Simulate genealogies of A, B, C and 
D 

 Population size N = 10,000 

 No. of iterations = 10,000,000 

 Scale all times to common ancestry in 
units of N 

 For each genealogy, plot tMRCAAB 
against tMRCACD 







Coalescent Entanglement 

• The conditional dependence of 
times to common ancestry of randomly 
sampled pairs of individuals. 

 

• Analogy to “quantum entanglement” 
which Einstein described as “spooky 
action at a distance”. 





What about phylogenetically 
independent pairs? 

 “Independent” pairwise comparison – 
Identify pairs of taxa with no common 
lineages in the connecting paths. 
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Summary 

• The coalescent provides a model to 
understand the properties of genealogies. 

• In turn, we can make inferences about 
quantitative traits of individuals in a 
population. 

• The coalescent exposes counterintuitive 
dependencies of the traits of apparently 
unrelated individuals.  


