A Bayesian Framework for Analyses of Materials & Methods

Dem()gr aphic DNA Sequence Data We use Reversble Jump Markov Chain Monte Carlo
(RIMCMC) methods to sample from the posterior distribution
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We update the mutation process parameters, including the
ancestral sequence (i..e. the Most Recent Common Ancestor)

as well as the means and variances of the clusters and the
number of clusters simultaneoudly. This holistic approach
ensures that the uncertainty Is carried throughout the analysis.

The Problem

We have aligned sections of the DNA sequences of 7t individuals
along with their geographical locations. Example:

Individual | DNA seq | location
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Results

We use a dataset of DNA sequences from weevils in South-
West Europe and obtain the following Maximum A Posteriori
estimate for the mutational tree:

CTTGA
CTGAG

One of the questions asked by biologists is how to split our
data into significant clusters in terms of their geographical
location, so that the results are consistent with the genetic
history, and what demographic events occurred in history (e.g.
colonisation).

The Mutation Process

Firstly we model the mutation process. Each seguence of
\liclectides A, G, C, T can be represented by E‘ paralléel
independent Markov Processes where each position 7 ¢ =1...0) J
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has transition matrix: We see that 2 clusters are distinctly separated, whereas the
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Where the 7' represent the stationary probabilities of the chain _

and the @ represent the relative mutation rates for each Conclusions

nucleotide position. It can easily be checked that this chain is Looking at the contour plot of the posterior estimates for
time-reversible and that 7t isindeed the stationary distribution. the 5 clusters below, and taking into account the ancestral
By considering a finite set of parssmonious and nearly locations (represented by larger dots) we see that the area
parsimonious mutational histories, we draw inferences about the was colonised from the Rhone area easternly into the alpine

mutational tree by introducing it as one of the parameters. region and westernly into the iberian region. The North-
West |ocations are clearly totally isolated from all others.

The Colonisation M odel

Now, for a colonisation event, we assume that one or more
seguences left a geographical population to start a new one. Then
an example of such a set of sequences would be:
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Our approach gives results accurate with biologists prior
beliefs and provides a quantitative comparison to possible
Each node here represents a sequence and lines represent scenarios.
mutations. The colour represents the geographical cluster. So, In
the figure above, the node which is green/red is a seguence
which initially was present in one population (the green), but
then colonised to a new one (the red), so that the individuals
with that sequence have distinct descendant sequences in the 2
geographical clusters.
The geographical clusters are assumed to have a 2-dimensional
Normal Distribution MVNs(ge., 2;)  and hence colonised

sequences will have a mixture of Normals distribution Many thanksto Trinity College for funding this research and B. C.
Emerson for his invaluable contribution.
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