Phylogenies



Phylogenies describe history

Elizabeth

=3, Jams Sewvmenn

= 4, Ame of Claves

= 5 Katherine Nowad = . Catherine Panr

I Margaret = 1, James IV of Scotland

= 2. Archibald Doughas

= 3. Honry Stowant

\3 %

1. Lowls XN of France = Mary = 2, Chaeles UDranden I

Edward VI

I Framces = 1, Henty Gray Eleanse = I
ok
= 2. Masie of Guise o

Menry Cifford

.

= 2. Ldwand Seymaun Mary = Thosmas
Keyes

Chartes = Jane = Gailterd Dudley
Elizabeth

Cavendih

Kathetine = 1. Menry Merbhent
A

1. Francs It = Mary Oueen of Scomand = 2. Hewry

of france

Margaret = Menry Stanbey

= 3. James
Hotwell

James | of England = Asae of
AVIof Sceand  Denmark

Aeabella = William Seymow



Phylogenies describe history

Haeckel. 1879.
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Phylogenies describe history

Pace. 1997. Science.
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Phylogenies are the result of branching
processes



Timeseries and phylogeny are dual
outcomes of an infectious process






—pldemic process
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Epidemic process

, count - | - |
Can ask for the probability of olbbserving this timeseries

given epidemiological parameters 8 and y.

ime






—pldemic process




Epidemic branching process
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Epidemic branching process
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Epidemic branching process

Can ask for the probability of olbserving this tree given

epidemiological parameters 5 and y.

ime



he coalescent

Assume equilibrium number of infecteds. Call this equilibrium N.
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he coalescent

Sample some individuals




he coalescent

Each generation, there is a small .
Pr(coal|t = 2) =

1
chance for coalescence for each pair N



he coalescent

Probability of coalescence scales 1\ 1 (7 — 1)
P 1) = — =
r(coal) ( ) ~ N

guadratically with lineage count
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he coalescent



he coalescent



he coalescent

1T; ~ Exponential (

2N

i(i— 1)

)



Demo



Population size affects tree shape

The rate of coalescence decreases linearly with the population size .

N = 2000
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10N SIZE

Changing populat
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Growing population

Constant size



Changing population size
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Given a phylogeny, how can we learn about the
evolutionary process that underlies it”?

Generally, we want to know:
p(model|data)

Sayes rule;
p(model|data) o« p(data|model) p(model)

Often referred to as:
posterior o< likelihood X prior



\ — coalescent model D - sequence data
T — phylogeny [t — mutation model

In this case, we have:

PA|T) o< p(T|A) p(A)

However, we don't olbserve the tree directly:

p(7, 1| D) o< p(D|, ) p(T) p(ie)

We integrate over uncertainty:

p(AID) ox / p(Dlr, 1) p(r|A) p(N) p(p) dr dp



BEAST: Bayesian Evolutionary 1 $
Analysis by Sampling Trees =



Integration through Markov chain Monte Carlo
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Integration through Markov chain Monte Carlo
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Metropolis-Hastings algorithm

Starting from state 6 propose a new state 8*. For the following, this proposal
must to symmetric, i.e. Q6— 6*) = QO*— )

If new state is more likely, always accept. If new state is less likely, accept
with probability proportional to ratio of new state to old state.

Acceptance probability: min (1, w )
p ©6)
Simple example: px) = 0.2 ply) = 0.8
Ax—y) = 0.8/0.2 = 1 Aly—x) = 0.2/0.8 = 0.25

Mass moving from xtoy:  p(x) Ax—y) =0.2X1 =0.2

Mass moving from yto x:.  p(y) Aly—x) = 0.8 X0.25 = 0.2



—AST will produce samples from:

)\ — coalescent model
L — mutation model

T — phylogeny



Use a ‘skyline” demographic model
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Use a ‘skyline” demographic model
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Practical part 1



1000 -

100 -

—
o
T

Individuals

0.1

0 50 100 150 200 250 300 350
Days

r(0) =8—7

r = 0.20 per day for 1918 influenza

We know the approximate recovery rate
v~ 0.25

We can solve for 8 and hence Ro
B=r+~vy=0.45
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—stimating Ro from timeseries data
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Growth rate of pandemic H1N1

r =0.11 per day

B =0.11 + 0.33 = 0.44 per day
Ro=0.44/0.33 =1.33
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Generation time 1 of infection

At the beginning of the epidemic, 1 1
T = — = 1.39
new infections emerge at rate . 253(0) 2% 0.36
Final susceptible fraction: S(00) = e flol1=5(e2))
1 1
At the end of the epidemic: T = 1.65

23S8(c0) 2% 0.36 x 0.84
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—ffective population sizes of flu vs measles

Measles E

Influenza A (H3N2)
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Ne =7.2years Ne = 124.6 years
e = 1050 infections (duration of infection of 5 days) Ne = 8270 infections (duration of infection of 11 days)
N = 70 million infections (prevalence) N = 0.9 million infections (prevalence)

Off by a factor of 6,700 Off by a factor of 110



Practical part 2



Continuous time Markov chains (C
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Probability in state X

MCs)

uas =3 q(A)=0.25
q(B) =0.75




MCs on trees

Transition matrix with pyas=3 psa=1 t=0.2
A 0.59 0.41 / \

B 0.14 0.86



Integrate over internal states A B
A 059 0.41

Transition matrix with pyas=3 pea=1 t=0.2 B 014 086

B B
0.41 0.86

0.14
0.75 < 059\, , 07
0.14




Integrate over internal states

Transition matrix with pyas=3 psa=1 t=0.2

_ B _
Pr=00211 V. Pr=00073 .-

0.41 B _
Pr = 0.0036 Pr=0.0109  0.86

0.14
0.75 < 059\, , 07
0.14

0.86



Integrate over internal states

p(D|T, () =0.0211 +0.0073 + 0.0036 + 0.0109 = 0.0429

B
49% 17%
A
A
B
8% 25%
A



Practical part 3



