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Phylogenetic Gaussian Process Regression

Gaussian Process is defined as a probability distribution over
stochastic gaussian process W functions Y (x) such that the set of values of Y(x) evaluated at an
identifies variations due to arbitrary set of points X1, ..., Xy jointly have a Gaussian distribution.
non-phylogenetic effects GPs are completely specified by the second-order statistics

Assumptions
Conditional on their common ancestor any two trait are statistically
independent. (Markov)
The statistical relationship between a node and any of its descendants
is independent of the tree topology.
Given trait f(L) on a finite set of co-ordinates L where K(L, L, ) is
the matrix of covariances of pairs (l;, l; ) with hyperparameters 6 then :

f(L) ~ N(0, K(L, L, )).

Stochastic Processes in Evolutionary Biology

Causes of Evolution

Natural Selection Drift Founder Effects
By far, the most popular model evolution is that of Brownian Motion.

-undamental Limitation: Unaccountability for Evolution.
Obvious Solution : Random Walk with a Deterministic Drift

Brownian Motion Ornstein-Ulhenbeck Process K(li, ;) = sgexp(—lla — k| /A) + Srz,(sli,lj

Markovian K(l;, I;) : Covariance between known points in the phylogeny
Markovian dX(t) = s? . intensity of random fluctuations in evolution due to balance
dX(t) = odB(t) a0 — X(t)]dt + odB(t) between the restraining forces / amplitude of function variation
o intensity of random a : strength of selection (if A : phylogenetic horizon / characteristic length scale
fluctuations in evolution a =0 — BM) sﬁ: interspecies variation, unaccountable from relations conveyed by
B(s + dt) B(s) ~ N(0, o dt) 0 : Optimum trait value the. p.hylogeny / noise -
Cov (B(s), B(t)) = szin(s, t) Cov (X (s), X (1)) = |\/|aX|{n|zes the GP Longkehhoo;i: logp(f(L)|0) = "

o2 exp(-|s — t|a) —§f(L)TK(L, L, 0)f(L) — s5log|K(L,L,0)| — Slog(2w)

SF relative residuals L relative residuals SN relative residuals

Brownian Motion (BM) process Ornstein—Uhlenbeck (OU) process
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Given a Gaussian process Y (t),te[0, 1], sample curves assumed to have
E[Y(t)] = p(t) :
Cov[Y(s), Y(t)] = C(s, t)
Mercer's Theorem for symmetric C(s, t) = > "~ Andn(S) dn(t)
order eigenvalues \; > Ao > -+ >0
corresponding eigenfunctions @, 's x x x
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®n's are by definition orthogonal; unrealistic assumption for real data
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