Advanced Models of Substitutions

Objective: To give a presentation of about 60 minutes at the end of the week covering the key aspects of the
advanced models of substitutions.

This project is devoted to advanced models of substitution. Advanced will in this context mean models that cannot
be described by a simple rate matrix on a single position or will use advanced techniques to analyze question
arising from simple models. Example of advanced models could include: context-dependent models, models
involving several nucleotides at the same time, non-markovian models, models with a large state space (codons for
in stance), models of signals (k-mers, where k could be 8-12), lumpability in Markov Models, models described by
complex equilibrium distributions, how to approximate an empirically derived rate matrix by a rate matrix obeying
some combinatorial constraints.

The Big Questions Are:

What are the key characteristics of the true process of evolution as known from empirical studies of genomes from
different phyla?

What are the key classes of simple models and their history?

Can realistic sequence models be interpreted in terms of biochemical events?

Maximal Contents of Presentation
Principles of Sequence Models (continuous time markov chain theory)
Key simple Models
Advanced Models and their use
Context Dependent Models
Multinucleotide Models
Non-Markovian Models
Lumping States
Complex equilibrium distributions
Incorporation of selection in models
Inference in these models
Their Application in data analysis
Ancestral Analysis
Biochemical Interpretations of events and models
What remains to be done?
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