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Context-dependent models
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The Problem:

What is P[C>A]?
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Analysis and Conclusion:
Assuming JC69 + doublet mutations.

00: 108 doublet mutation rate , ~10% of singlet rate
03: much less for a large more reliable data set

The Gibbs Sampler

x® = (x,",...,x,") for iteration t. At iteration t + 1
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Fori=1,.,d: Draw x*" from conditional distribution zt(.|x ;") and leave remaining

components unchanged, i.e. x;; t+1) = Xpq (U]

Both random & systematic scan algorithms leaves the true distribution invariant.
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Rooting using irreversibility (Lunter)

General rate mode for nucleotides - 12 parameters:
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Reversibility The Pulley Principle

P(e)*P(e > m)= P(a)*P(a—+>o) /\

Reversible rate matrix : 7;q; ;=7 5 9 parameters Felsenstein 1981

/ .\ = / \ Irreversibility used for rooting
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Posterior probability density

Irreversibility and rooting
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Inferred root positions: chr 21 .484 -/+.014  chr 10 .510 -/+ .016
Inferred position 0.33-/+0.03, true position 0.3

Fast-Slow HMM Application
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Geometric/Exponential Distributions

The Geometric Distribution: {1,..} Geo(p):

P{Z=3)=pi(1-p)

P{Z>j)=pi E(D=1/p.

The Exponential Distribution: R+ Exp (a)

Density: f(t) = aeat, PQGt)= et

Properties: X ~Exp(a) Y ~Exp(b) independent

i. POGE,1X5t) = POGE,-t)) t; > t)
it. ECO = 1/a.

iii.  P(Z>t)=(=)P(X>t) small a (p=e).

iv. P(X < Y) =a/Ca + b).

V. min(X,Y) ~ Exp (a + b).

Fast/Slowly Evolving States

Felsenstein & Churchill, 1996
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* 7, - equilibrium distribution of hidden states (rates) at first position
*p;; - transition probabilities between hidden states

*L,, - likelihood for j’th column given rate r.

L0 - likelihood for first j columns given j’th column has rate r.

Likelihood Recursions:
LY=L p,  + Lp Ly, LV = (L p, + L7p, )L
Likelihood Initialisations:
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Probabilities of different paths

« What are the number of events?

« What are the kinds of events?



