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Background Knowledge

• Conditional probability

• Total probability

• Phylogenetic tree notation (Newick/Computer)
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Example: Color Blindness
Color blindness is caused by a genetic mutation and 
results in people not being able to distinguish certain 
colors.

• The probability of being a male and having color 
blindness is 0.05

• The probability of being a female and having color 
blindness is 0.005

PCS : 1 , C = 1 ) = 0 . 0 S

PCS = 0 . C = 1 ) : 0 . 005

!

S = 0 female 여
ㅇ so lor friendly

{ I male { I color blind



Using conditional probability to reflect knowledge

• Assuming that there is an equal number of males and females in the population, 
what is the probability of an individual being color blind, given that the individual 
is a male?

• Assuming that there is an equal number of males and females in the population, 
what is the probability of an individual being color blind, given that the individual 
is a female?
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Total Probability

• Assuming that there is an equal number of males and females in the population, 
what is the probability that a randomly chosen individual will be color blind?
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Phylogenetic tree notation

Node: a point in a phylogeny where a lineage splits
 - one speciation event
 - common ancestor of branches that extend from
                 it

Branches: lineages evolving through time
 - the stuff between speciation events

Tips: terminal ends representing species, molecules, or 
populations being compared

Clade: An ancestor and all its descendants

Rooted tree: includes a distantly related “outgroup” 
species to polarize changes and show which node is 
common ancestor to all lineages in ingroup

When interpreting trees, pay most attention to nodes (= common ancestors)!!



Newick format Notation for
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Likelihood for a phylogenetic tree

Three essential ingredients

1. Molecular Data

2. Model for nucleotide evolution

3. A phylogenetic tree: (a) the relationships between taxa, (b) 
branch lengths.



Historical data: A morphological character matrix

All character 
states in 
outgroup are 
ancestral

This does NOT 
mean that the 
outgroup lacks 
derived traits!

1
0
0
0
0
0
0
0
0
0
0
0
0
0

1
0
0
0
0
0
0
0
0
0
0
0
0
0

1
0
0
0
0
0
0
0
0
0
0
0
0
0

1
0
0
0
0
0
0
0
0
0
0
0
0
0

Lots of these…

0
1
1
1
1
1
1
1
1
1
1
1
1
1

0
1
1
1
1
1
1
1
1
1
1
1
1
1

Outgroups help us identify shared derived states (synapomorphies)

Not informative because 
they  are not 
synapomorphies in 
ingroup. 
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How to choose a tree that best explains the data

Bars = synapomorphies (shared, derived traits)
Open bars = reversion to ancestral-like state

Homoplasy via 
convergence

Homoplasy 
via 
convergence

Homoplasy 
via reversal



Parsimony analysis in practice…

Even with computers, trees 
cannot be exhaustively searched 
for most analyses so these 
programs employ algorithms to 
efficiently search “tree space”



The modern era molecular phylogenetics

1. Molecular Data



Multiple sequence alignment

• Multiple sequence alignment (MSA) is important for phylogenetic 

estimation or model-based inference of evolutionary processes

• The goal of MSA is to introduce gaps into sequences so that columns of 

an aligned matrix contain character states that are homologous

• Homology cannot be directly observed but can be inferred



Inferring Homology
• Placing gaps in a sequence is penalized too

• Introducing a new gap usually has a higher cost than extending an 
existing gap





Likelihood in a phylogenetic tree
Taxon Site 1 Site 2 Site 3 Site 4

OTU 1 G G G G

OTU 2 G A A G

OTU 3 A A G A

How do we go
to

from sequences
trees?



2. Model for nucleotide substitutions 
Probability Matrix (Conditional Probability)

* = nucleotide value
over the branchos
of the phylo

X = { A , 64
.

Conditional Probability Distribution
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Assumptions
Taxon Site 1 

OTU 1 G

OTU 2 G

OTU 3 A

Taxon Site 2

OTU 1 G

OTU 2 A

OTU 3 A

Site 1 ⊥ Site 2

Conditional independence

When conditioning over the most recent common ancestor
two lineages are independent

(1)

(2)

O

↓
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One probable story for Site 1
Taxon Site 1 

OTU 1 G

OTU 2 G

OTU 3 A
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All the probable stories for Site 1
𝑝𝐴𝐴

𝜈4  ×  𝑝𝐴𝐺
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𝜈1 × 𝑝0(𝐴) 𝑝𝐺𝐴
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Probability for a single site givem one tree and 
model

P(Site 1|𝜓1, Model) = ෍
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Likelihood for all sites and one tree under one 
model

ℒ(𝜓1; Data , Model (P)) = ෑ
k=1

4

P(Site k|𝜓1, Model (P))
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Maximum likelihood 
phylogenetic tree 
(MLE)

Which tree maximizes the likelihood function?

ℒ(Data; Model (P), 𝜓1) ℒ(Data; Model (P), 𝜓2) ℒ(Data; Model (P), 𝜓3)

max
k=1,2,3

(ℒ(Data; Model (P), 𝜓k))

What is changing in this likelihood?

→ check now

en moltiple
trees
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Inferring a 
phylogeny using 
the likelihood 
function

Model for molecular evolution

A mechanism to propose trees

Assumption about branch 
lengths



Exercise:
Calculate the probability of this site given this phylogenetic tree when the model changes by branch length. 

G

G

A

P(1) = 3/4 1/4
1/4 3/4

P(2) = 2/3 1/3
1/3 2/3

𝜈1 = 2

𝜈2 = 1

𝜈3 = 1

𝜈4 = 1


