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foundation

likelihood methods have been around for about 85 yrs,
invented bg RA Fisher

revolutionized statistics

suggestecl for molecular data to inFerring Phglogenies in the
1960’s, but too computationa”g difficult at that time

backgrouncl...

+ Prob(DI|H) is the likelihood of hypothesis H (our model)

* However, itis NOT the Probabilitg of hgpothcsis H - that would be
Prob (HID) and will visit that in a couple weeks when we talk about
Bayesian estimates of Phglogcnies - we make no assurnptions about
the Probabilitg of I’]yPOtI’ICSiS H, our model

Prob (DIH) is the Probabi]itg our our data, given the Iﬁgpothesis

we can test a varicty of H’s (models) and find the one that maximizes the
Probabilit9 of obscrving our data

for Phy[ogenetics, we can think of D as our sequence data and H as the
tree & model of evolution - this allows us to find the tree & model) that

maximizes the Probabi[itg of observing those sequences, the ML tree

an example:

imagine you are at home and hear a “roll... CRASH” in the room
above you

think of a model: “H: gremlins bowling”; given this H, your
observation (ro”, crash) has a high likelihood

think of an alternative model: “H: Bush and Condi plagiﬂg

cards’; given this H, your observation his a lower likelihood
in neither case do we draw a conclusion about the Probabilitg

of the model - in both cases, ’cl’xcg are imProbablc




reminder

likelihoods do not sum to 1.0 while Probabilities do

given atree & a moclel, we could calculate the prob of
ob’caining all Possiblc data sets; these Probs would sum to 1.0
howcvcr, we are onig interested in one of these: the observed
data set

the likelihood is not the Prob that the tree is the true tree; itis
the Prob that the tree has given rise to the observed data

assumPtions, requirements:

+ likelihood calculations assume that:
1. evolution in different sites (on the given tree) is independcnt
2. evolution in different iineagcs is indepenclent

+ maximum likelihood request % elements:

1. amodel of sequence evolution

2. atree (sPeciicyinga topo|ogg & branch lengtiws)

3. the observed data

* ML solves2 Probiems:

1. fora given toPoiong, what set of branch lengt[’xs makes the
observed data most iikely (wl’wat is the max likelihood value
for that tree)?

2. which tree of all Possibie trees has the greatest likelihood?

how?

fora given tree, we can calculate Pi' ®, the Probabiiitg that nucleotide

i at time O becomesj at time t at a gjven site

we express this as Pi'(V)’ with v=rt varying among branches; in effect,

we are estimating v

nlL=ZLl<, for k sites where Li< is maximizes for each site across the

whole tree
nCJ is known and i (tiic ancestor) is unknown:
* we must compute the likelihood for all Possibie iAT,G,Q
~ sometimes, both i &J are internal nodes and unknown
* the likelihood is the sum across all Possible nucleotides at these
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