
Tutorial No. 5
Phylogenetics and the tree of life



Problem 1: Tree of life.

Why was a ribosomal rRNA
gene used to make the tree 
of life instead of the 
hemoglobin gene, for 
example?



Problem 2: Molecular Clock trees.

Draw the UPGMA tree for the following 
sequences.

A: CTTAGTCCGTTACGTT

B: CTTTGTTCGTTACGTT

C: GCTTGTCTGCAACGTT

D: GCCTGTCTGTTACGTC

E: GCTTCCCCGTTATAAT



Distance methods

General Method:

• Evolutionary distances are computed for all pairs of taxa.

• A phylogenetic tree is constructed by considering the 

relationships among these distance data (fitting a tree to the 

matrix).

Logic: Evolutionary distance is a tree metric and hence defines a tree

Methods we talked about

• UPGMA

• Neighbor Joining

Conversion of multiple alignments into matrices of differences



Construction of a distance tree using clustering with the

Unweighted Pair Group Method with Arithmatic Mean (UPGMA)

A B C D E

B  2

C  4  4

D  6  6  6

E  6  6  6  4

F  8  8  8  8  8

From http://www.icp.ucl.ac.be/~opperd/private/upgma.html

A - GCTTGTCCGTTACGAT

B – ACTTGTCTGTTACGAT

C – ACTTGTCCGAAACGAG

D - ACTTGACCGTTTCCTG

E – AGATGACCGTTTCGAG

F - ACTACACCCTTATGAG

First, construct a distance matrix:



First round

dist(A,B),C = (distAC + distBC) / 2 = 4 

dist(A,B),D = (distAD + distBD) / 2 = 6 

dist(A,B),E = (distAE + distBE) / 2 = 6

dist(A,B),F = (distAF + distBF) / 2 = 8

A B C D E

B  2

C  4  4

D  6  6  6

E  6  6  6  4

F  8  8  8  8  8

A,B C D E

C  4

D  6  6

E  6  6  4

F  8  8  8  8

UPGMA

Choose the most similar pair, 

cluster them together and calculate 

the new distance matrix.



A,B C D E

C  4

D  6  6

E  6  6  4

F  8  8  8  8

A,B C D,E

C  4

D,E  6  6

F  8  8  8

Second round

Third round

UPGMA



AB,C D,E

D,E  6

F  8  8

ABC,DE

F  8

Fourth round

Fifth round

UPGMA

Note the this method identifies the root of the tree.



Problem 3: Roots.

As shown below for 4 OUT’s there are 3 unrooted
trees and 15 rooted trees. This means that for 
each of the unrooted trees there are 5 rooted 
trees. Here is one of the three possible 
unrooted trees:



Possible Number of 

Rooted trees Unrooted 

trees

2 1 1

3 3 1

4 15 3

5 105 15

6 945 105

7 10395 945

8 135135 10395

9 2027025 135135

10 34459425 2027025

The number of rooted and unrooted trees:

Number 

of OTU’s

OTU – Operational Taxonomical Unit
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Problem 4: Maximum parsimony:

For each of the 3 possible unrooted trees that 

relate A, B, C, and D, show the sites that 

suggest it. Overall, which tree is favored by 

the most sites?

A: CTGACGTCACGC

B: CCGGTATCGTAT

C: CTGGCGTGACGT

D: CCGGTAGGGGAC



Character state methods

Logic: 

Examine each column in the multiple alignment of the sequences.

Examine all possible trees and choose among them according to 

some optimality criteria

Method we are using:

• Maximum parsimony



Maximum Parsimony

Simpler hypotheses are preferable to more complicated ones and that ad 

hoc hypotheses should be avoided whenever possible (Occam’s Razor).

Thus, find the tree that requires the smallest number of evolutionary 

changes.

0123456789012345

W - ACTTGACCCTTACGAT

X – AGCTGGCCCTGATTAC

Y – AGTTGACCATTACGAT

Z - AGCTGGTCCTGATGAC

W

Y

X

Z



123456789012345678901   

Mouse       CTTCGTTGGATCAGTTTGATA 

Rat         CCTCGTTGGATCATTTTGATA

Dog         CTGCTTTGGATCAGTTTGAAC 

Human       CCGCCTTGGATCAGTTTGAAC

------------------------------------

Invariant   *  * ******** *****

Variant      ** *        *     **

------------------------------------

Informative  **                ** 

Non-inform.     *        *      

Start by classifying the sites:

Maximum Parsimony



123456789012345678901   

Mouse       CTTCGTTGGATCAGTTTGATA 

Rat         CCTCGTTGGATCATTTTGATA

Dog         CTGCTTTGGATCAGTTTGAAC 

Human       CCGCCTTGGATCAGTTTGAAC

** *         
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123456789012345678901   

Mouse       CTTCGTTGGATCAGTTTGATA 

Rat         CCTCGTTGGATCATTTTGATA

Dog         CTGCTTTGGATCAGTTTGAAC 

Human       CCGCCTTGGATCAGTTTGAAC

Informative  **                ** 
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3 0 1

Maximum Parsimony



Problem 5: Bootstrapping.



A statistical method that can be used to place 

confidence intervals on phylogenies

Bootstrapping



human_myoglobin -GLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHL ...                       

pig_myoglobin -GLSDGEWQLVLNVWGKVEADVAGHGQEVLIRLFKGHPETLEKFDKFKHL ...                     

horse_myoglobin -GLSDGEWQQVLNVWGKVEADIAGHGQEVLIRLFTGHPETLEKFDKFKHL ... 

common_seal_myoglobin -GLSEGEWQLVLNVWGKVEADLAGHGQDVLIRLFKGHPETLEKFDKFKHL ...  

sperm_whale_myoglobin MVLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHL ... 

sea_hare_myoglobin -SLSAAEADLAGKSWAPVFANKDANGDAFLVALFEKFPDSANFFADFKG- ...                                         

Pick with replacement

human_myoglobin LQKWDQKHNVHTEFGAEELQGDKLSWKKLDQGKKVVKKELGLDEDEWLGE  

pig_myoglobin LQKWDQKHNVHTEFGAEELQGDKLSWKKLDQGKKVVKKELGLDEDEWLGE 

horse_myoglobin LQKWDQTHNVHTEFGAEELQGDKLSWKTLDQGKKVVTKELGQDEDEWLGE 

common_seal_myoglobin LQKWEQKHNVHTEFGADELQGDKLSWKKLDQGKKVVKKELGLDEDDWLGE -

sperm_whale_myoglobin LQRWEQKHHVHTEFAADELQGDKLSWKKLDQGRKVVKKELGLDEDDWLGE  

sea_hare_myoglobin LDDWADENKSNSNFAAAELDANFASAPELNDGDKVAEKFAALNNAAWAAN

Resampling from the Data

Sampling with replacement!



Chimpanzee

Chimpanzee

Chimpanzee

Gorilla

Gorilla

Gorilla

Human
Human Human

Orang-utan
Orang-utan Orang-utan

GibbonGibbon

Gibbon

41/100 28/100 31/100

Chimpanzee

Gorilla

Human

Orang-utan

Gibbon

100

41

Estimating Confidence from the Resampling

In 41% of the 

cases Chimps and 

Gorillas are 

separated from the 

rest (Chimps and 

Gorillas are 

neighbors in most 

of the cases).

In 100% Gibbons and 

Orang-utans are 

separated from the rest 

(Gibbons and Orang-

utans are neighbors in 

all cases).


