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Model for molecular evolution
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Continuous-Time Markov Chains (CTMC)

{X(t),t =0}

Stochastic models that follow change in time with an associated probability

1 X(t)=Nucleotide at tiae t
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Getting a nucleotide A in Site 1 for taxon 2

P(X*07)=A | X1 (0)=A)

X°(0.2)=A, G




P(x2oN=A | X S6:1) =k, X 0)H)
The Markov property = PUx%0-? =k ) XS02): £)

X3(0.2)=A, G X°(0.2)=A, G
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Conditional probabilities

P(X?(0.7)=A|X>(0.2)=A)=paa(0:7=0:2)=pxa (075))

X3(0.2)=A, G

Paa® pac(t)
X1(0.4)=G P(t) = (pGA () pee(t) )
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Transition rates define CTMC = ¢ ustitvtion
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Waiting times = Exponential distribution

f(x) Expected waiting timelfor G to substitute A is
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Models for
molecular
evolution

GTR Family of Reversible DNA Substitution Models

(general time-reversible)

GTR
3 substitution types
(transversions, 2 transition classes) Equal base frequencies
(Tamura-Nei) TrN SYM
2 substitution types 3 substitution types
(transitions vs. (transitions,
transversions) 2 transverSion C|aSSGS)
(Hasegawa-Kishilﬁo-Yano) HKY85 K3ST (Kimura 3-subst. type)
(Felsenstein) F84 Equal base
frequencies

2 substitution types

Single substitution type (transitions vs. transversions)

(Felsenstein) F81 K2P (Kimura 2-parameter)

Equal base frequencies Single substitution type
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Substitution rate models
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General Time Reversible model (Tavare, 1986)
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Jukes-Cantor (1969)
The simplest nucleotide substitution model model

Transition probabilities Same but in matrix shape
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Equilibrium (stationary) probabilities
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Equilibrium (stationary) probabilities
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https://plewis.github.io/applets/jc-transition-probabilities/

Equilibrium (stationary) probabilities
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Branches represent expected number of substitutions
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Exercise: Building new models of substitution rates.
After you write the model tell me, what do you think
the rates represent?

{—(aﬂ'c + brg + Cﬂ'T) anc
amy —(amy + dng + eny)
Q=
b4 drco
\ CTt A ETC

Group 1

a:b:c:d:e:f:u
(you can make u = 1)

(4, e, M, 7)) all free

Group 3

a=c=d=f=u
b=e=pux
(you can make u = 1)
(my, e, M, r) all free

brg ey \
drg enr

—(bma +dme + frr) frr
fra —(cmyg + eme + fﬂa))

Group 2
a:C:d:f:”
b=e=uk
(youcan make u = 1)

1
nA=7TC=7TG=7TT=Z

Group 4
a:c:d:f:”
b:‘LlKl
e=,LlK2

(4, e, T, r) all free



Exercise: Writing your own model of molecular evolution

Group 1 Group 2

F81 K2P
Felsenstein 1981 Kimura 1980

Group 3 Group 4

HKY85 TN93

Hasegawa et al. 1985 Tamura and Nei (1993)




A note on the reversible adjective

The reversibility property
MaPac(t) = TePGa(t)

* Any point of the tree can serve as the root

* Time reversibility is not necessary for substitution
* models
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Every shirt has
? SUBSTITUTION RATE

. RATES VARY Analogy from Paul Lewis
something ACROSS

This rate slower Perfect! \| | |NEAGES about a model with

(expected substitutions per site s fies ime 25 This one One size

per vear) " best! B [ el right. | doesnot | varying substitution rates
A (illustrated by ChatGPT)

You buy a bunch of different
shirt sizes (substitution rates)
for a group of different
women (sites).

It will be more expensive than
buying a one-size fits all. But
women will be happier with
their own size rather than
one-size fits all.
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