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What is molecular phylogeney 

ÅPhylogeney is the study of the evolutionary history of 
living organisms using tree like diagrams to represent 
pedigrees of these organisms. 

 

ÅMolecular phylogeney: The study of evolutionary 
relationships of genes and other biological 
macromolecules by analyzing mutations at various 
positions in their sequences and developing 
hypotheses about the evolutionary relatedness of the 
biomolecules. 
 



Fossil Records Vs. Molecular Approach 

ÅFossil records: hard evidence, often biased 
Limitations:  
Available for certain species 
Limited by abundance, habitat est. 
Fragmentary and ambiguous 

 
ÅMolecular approach: DNA or Protein sequences 
Assumptions: 
Molecular sequences are homologous  
Each position in a sequence evolved independently 
 



Terminology 

A       B               C       D                     E 

Branches 

Taxon(taxa), OTUs 

№ / ᵬ№ ᾝ,  

terminal nodes 

Internal nodes 
ῤ  

An inferred ancestor of extant taxa. 
 ᾑᾋᾒ ὐ№ ᾒ  

Root nodĕroot  

The common ancestor of all 

members of the tree. 

№ : All the lines in 

the tree. ѿҩ№
ңҩ Ȃ 

Any way, node is a taxonomic unit, it locates in the bifurcating branch point. 

Clades/monophyletics /  

A group of taxon consists of a single common ancestor and all its 

descendants. 

Lineage ҕ ( ): 

 the branch path 

depicting an ancestor-

descendant relationship 

on a tree 
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1 Dichotomy or Polytomy 

[ƛƴƎ ¸Ωǎ ƭŜŎǘǳǊŜ 



Types of phylogenetic trees 
 

Only different in the way its presented 



Unscaled tree VS. Scaled  tree 

Unscaled trees - all branches in the tree are the same length. (only topology) 
 
Scaled trees - branches will be different lengths based on the number of 
evolutionary changes or distance. (branch length & topology)  
 

Difference: phylogram is scaled, but cladogram not.  

Phylogram  Cladogram №  



Gene tree VS. Species tree 



Unrooted tree Vs. rooted tree 

Unrooted tree 
not assume knowledge of a common 

ancestor, but only positions the taxa to 

show their relative relationships. 

Rooted tree 
All sequences have a common ancestor 

or root note which a unique evolutionary 

path leads to all other nodes. 

 

Outgroup 

Outgroup 

past 

present 



Rooting Approach 

ÅOutgroup, is a sequence that is homologous to the 
sequences under consideration, but separated from 
those sequences at an early evolutionary time.  

ÅMidpoint, the midpoint of the two most 
divergent groups judged by overall branch 
lengths is assigned as the root. 

Midpoint 

Longest length 

Lemur 

Parrot 
Rat 

Mouse 

Human 

Outgourp 



Finding a true tree is difficult 

Species Unrooted Rooted 

Number NU=(2n-5)!/2n-3(n-3)! NR=(2n-3)!/2n-2(n-2)! 

4 3 15 

5 15 105 

6 105 945 

10 2027025 34459425 

20 2.22¦1020 8.20¦1021 

50 2.84¦1074 2.75¦1078 



Tree construction 

ŵ 
ωChoosing molecular marker 

Ŷ 
ωPerforming multiple sequence alignment 

ŷ 
ωDetermining a tree building method 

Ÿ 
ωAssessing tree reliability 



Protein or Nucleotide Sequence 

Å Protein sequences' characters:  
ŵMore conserved: 61 codonsҦ20AAs 
ŶNo different evolutionary rates 
ŷNo preferential codon usage 
ŸMore sensitive alignment 
ŹDŀǇ ŘƻŜǎƴΩǘ ŎŀǳǎŜ frameshift errors  
 
Å Nucleotide sequences' advantages:  
ŵRapid evolutionary rates can be informative for closely related 
sequences.  
Ŷdepict synonymous and nonsynonymous substitutions, revealing 
evidence of positive or negative selection. 

The decision depends on the properties of the sequences and the purposes of the study.  
Generally, for studying very closed organisms, nucleotide sequences can be used. 
While if the phylogenetic relationships to be delineated are at the deepest level using 
protein sequences makes more sense. 



 Origin of Domestic Dogs 

Savolainen et al, 2002, Science 

Å mitochondrial DNA (mtDNA) 
  
Å 654 worldwide domestic dogs 

 
Å  A larger genetic variation in East 

Asia than in other regions and 
the pattern of phylogeographic 
variation suggest an East Asian 
origin for the domestic dog, 
�ý15,000 years ago.  
 


