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Outline for today 

Maximum Likelihood: 

• Likelihood Function 

• Models of Evolution 

• Efficient Likelihood Evaluation 

• Pairwise Distances 

• Branch Lengths 
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Stochastic Process:  
Jukes-Cantor 
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Stochastic Process:  
In General: 



Stochastic Process:  
Spectral Decomposition: 

Easy to compute BB 



Efficient Likelihood Computation 

• Dynamic Programming similar to Parsimony 
 
• Felsenstein-Pruning Algorithm 
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Likelihood: Pruning Algorithm 
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Rate Heterogeniety 

Branch length rate 

time 



Rate Heterogeniety 

Rates may differ among site: 

One reason is the codon position: 



Rate Heterogeniety 

Per Site Rates: 

• Optimize rates for each site  
• Pick 20 best rates 
• Assign all sites to one of these rates 



Rate Heterogeniety 

GAMMA Rates: 

• Optimize one parameter for gamma function 
• 4 rates from gamma distribution 
• Average over these 4 rates for each site 



Protein Substitution Models: 

DNA Models: 4 states, 5 + 3 free parameters 
 
Protein Models: 20 states, 189 +19 free parameters 
 
Problem of overparametrization! 
 
Solution: Use precomputed empirical models. 
 
Empirical models: Optimize GTR matrix on large/huge 
   alignments 

BB 
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Pairwise Distances: 

Seq 1  AGGGAG 

Seq 2  ACGGAA 
Distance between seq 1 and 2? 

i.e., How many changes?  

under the most simplistic model (Jukes-Cantor*) 
i.e., equal rates and equal frequencies 

*Jukes and Cantor, 1969, „Evolution of protein molecules“ 
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Likelihood:  
Branch Lenght Optimization 

Use Newton-Raphson 

BB 



Likelihood:  
Branch Lenght Optimization 

Thus we can apply standard optimization 
methods, e.g., Newton Raphson 



Likelihood:  

Newton´s Method 



Maximum Likelihood 

•Again NP-Hard 
•Same Tree Search Heuristics as before 
•Added dificulties:  

•Branch Lengths 
•Model Selection/Parameters 

•One evaluation O(nm) 


