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Models of DNA substitutions
Rate matrices and choosing the

appropriate model

Simulation example from John Huelsenbeck
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The substitution probability matrix can be computed
or determined using simulations. 

Example of determining transition probabilities 
using simulation with the following rate matrix:
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Jukes Cantor model:
D = -3/4ln(1-4/3p) But transitions and transversions have different rates

Ratio is often called k.
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What assumptions did we make?

• All nucleotides change independently
• The subsituion rate is constant over time

and in different lineages
• The base composition is at equilibrium
• The conditional probabilities of nucleotide

substitutions are the same for all sites and
do not change over time..

Variation in rates between sites is common

Model variation in sites with gamma parameter
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How do we choose an
appropriate model?

• Calculate likelihood of model given data
• Compare likelihoods of nested models

Probability of # heads in 5 coin tosses

 Heads Prob.
   0   .03
   1   .16
   2   .31
   3   .31
   4   .16
   5   .03

P(x) = (n!/(n-x)!)pxqn-x

What is maximum likelihood?
Comparison to probability theory:

 Bias of coin towards
                 Heads
 Heads   .1  .3   .5  .7   .9
   0    .59  .17 .03  .00  .00
   1    .33  .36 .16  .03  .00
   2    .07  .31 .31  .13  .01
   3    .01  .13 .31  .31  .07
   4    .00  .03 .16  .36  .33
   5    .00  .00 .03  .17  .59

Same calculation for coins with different bias.
One way to get the likelihood is to estimate them 
using Makov Chain Monte Carlo methods. 

-analogy to walking up hill.

Markov Chain Monte Carlo
• Start with proposed state
• Perturb old state and calculate probability of new

state
• Test if new state is better than old state, accept if

ratio of new to old is greater than a randomly
drawn number between 0 and 1.

• Move to new state if accepted, if not stay at old
state

• Start over

-Graphs from John Huelsenbeck



10

Circle represents amount of potential proposed change.

Red dots = “burn in” period.

Δl = log (                       )
  = log (max{L(neutral model)}) - log(max{L(selection model)})

 max{L(neutral model)}
max{L(selection model)}

  -2Δl approximates χ2 with n degrees freedom, where n 
is the difference in number of parameters between
 the nested models.

Likelihood ratio test statistic:

Test models using ModelTest:

Posada and Crandall 2001, Syst. Biol. 50: 580-601


