
Module 4 : Building a species tree
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78Dylus et al. Nat Biotech 2023

A tree of
Coronaviridae
viruses

Concepts:
- Topology
- Branches lengths
- Internal nodes
- Leaves
- Root
- Clades / lineages



Chimp HumanGorilla

Other tree representations

https://courses.lumenlearning.com/wm-biology2/chapter/phylogenetic-tree
s/

Woese, Microbiol Rev.1987

Concepts:
- Rooted vs. unrooted
- Scaled vs. unscaled
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General Scheme to Build Phylogenetic Trees

construct a
starting tree topology

try to improve the 
topology further using 

some heuristics

score the optimal tree
with this topology

improving?

Yes

No
Done

- Maximum parsimony
- Least squares fit of distances
- Maximum likelihood

- UPGMA
‘ Neighbour joining

- Swap leaves
- Swap subtrees



Measuring confidence with the Bootstrap
How would our tree inference change if we repeated the experiment with other data that 
came about through the same process? 

Use “pseudo-replicates”: resample alignment columns (with replacement), same length.

Data
A: ALTFCG
B: NLTFCG
C: ALSFRG
D: NLSFRG

Replicate 2
A: ATFALF
B: NTFNLF
C: ASFALF
D: NSFNLF

Replicate 1
A: LCGCAL
B: LCGCNL
C: LRGRAL
D: LRGRNL

0.5

Slide courtesy Prof. R. Goldstein



How many branches are there 
in an unrooted bifurcating 

tree of n taxa?
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10,395
135,135

2,027,025
34,459,425
6.55 x 108

3
15

105
945

10,395
135,135

2,027,025
34,459,425
6.55 x 108

1.37 x 1010

Number of
   “taxa”

Number of binary trees
Unrooted          Rooted

Slide courtesy Prof. R. Goldstein

How many topologies?


