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Á Molecular Clock Hypothesis  
 

Á Phylogeny and phylogenetic analysis  
 

Á MEGA 



Á Introduced by Emile Zuckerkandl & Linus Pauling in 1962: 
 

                   1922 ɀ2013 
          Emile Zuckerkandl 
 Stanford University, Stanford 

                  1901 ɀ1994 
            Linus Carl Pauling 
Nobel Prize in Chemistry in 1954 
Nobel Peace Prize in 1962 



Á Introduced by Emile Zuckerkandl & Linus Pauling in 1962: 
 

Á The number of amino acid differences in protein or nucleotide 
differences in nucleic acid between different lineages changes 
roughly linearly with time.  
 

Á The rate of evolutionary change of any specified protein was 
approximately constant over time and over different lineages. 



ÁPhylogeny is the inference of evolutionary relationships.  
 

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

ÁClassical Phylogenetic analysis: 
     morphological comparisons & fossil record 



Á The evidence for evolution at the molecular level is preserved in 
the sequences of the genes and proteins. 

Á The differences reflect evolutionary change from a common 
ancestral protein sequence. 



 



ÁMEGA Version 1.0 was released in 1993 

Koichiro Tamura  
Tokyo Metropolitan  
University, Japan  

Sudhir Kumar 
Department of Biology, 
Temple University  

Glen Stecher  
Temple University  



Á 64-bit computing systems for analyzing larger datasets 
Á Re-factored the Tree Explorer so that trees with 100k taxa 

can be displayed 
Á Re-factored the Timetree system, which guides researchers 

through a multi-step process of building a molecular 
phylogeny scaled to time using a sequence alignment and a 
phylogenetic tree topology. 

Áȣ 
 



Á The methods of constructing phylogenetic trees  
Á Distance -based methods  
     UPGMA ; neighbor -joining(NJ)  

Á Character -based methods  
     maximum parsimony(MP) 

Á The methods of evaluating phylogenetic trees  
      Bootstrapping  



ÁElectron carrier protein.  
 
 
 
 
 



ÁElectron carrier protein.  
 
 
 
 
 
ÁPlays a role in apoptosis.  



38 species 



 



 



Á Unweighted Pair-Group Method with Arithmetic means 
Á A simple agglomerative hierarchical clustering method 

http://www.nmsr.org/upgma.htm 

 

Find and cluster  
two proteins with  
the smallest  
pairwise distance 

http://www.nmsr.org/upgma.htm
http://www.nmsr.org/upgma.htm


http://www.nmsr.org/upgma.html 

 

the molecular clock is constant for all the sequences in the tree!! 

http://www.nmsr.org/upgma.htm
http://www.nmsr.org/upgma.htm




UPGMA  
¸ assumes a tree in which the distances  
      from the root to every branch tip are equal. 
¸ the updated distance between the joined 

clusters and a new cluster X is given by the 
proportional averaging of the distances 

¸ the molecular clock is constant for all the 
sequences in the tree!! 

 



Á A agglomerative clustering method for the creation of phylogenetic trees 
Á Input: a distance matrix specifying the distance between each pair of taxa 
** It does not require that all lineages have diverged by eaqual amounts.  

http://www.deduveinstitute.be/~opperd/private/neighbor.html 
 

raw data: distance matrix calculate the net divergence r (i) 

start with a star tree take A and B as neighbors  
form a new node U & new matrix 

U 

unrooted  tree 

http://www.deduveinstitute.be/~opperd/private/neighbor.html
http://www.deduveinstitute.be/~opperd/private/neighbor.html


 
Á Advantages of NJ 
Á Fast. This makes it practical for analyzing large data. 
Á Given data of sufficient length, neighbor joining will reconstruct the true 

tree with high probability.  
Á It does not assume all lineages evolve at the same rate. 

 
Á Disadvantages of NJ 
Á Rely on distance measures 
Á Neighbor joining has the undesirable feature that it often assigns negative 

lengths to some of the branches. 
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Rectangular 

¸ Fast. This makes it practical for analyzing large 
data. 

¸ Given data of sufficient length, neighbor joining 
will reconstruct the true tree with high 
probability. It does not assume all lineages 
evolve at the same rate. 
 

 



 
Á MP minimizes the number of substitution required to generate the 

observed variation in the sequences from common ancestral sequences. 
Á Character-based methods(MSA)  

 

http://cshprotocols.cshlp.org/ 
 

1.Find informative site, a site must  
have the same sequence character  
in at least two taxa 
 
2. Counting the number of changes 
at each informative site for each 
tree and picking the tree requiring 
the least number of changes. 

http://cshprotocols.cshlp.org/
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Á Questions? 
Á Artifact of long-branch attraction!!  
Á Branch lengths often depict the number of substitutions that occur 

between two taxa. Parsimony assumes all taxa evolve at the same rate, and 
all characters contribute the same amount of information. 
 
 
 
 
 
 

Á Rapidly evolving taxa may be placed on the same branch, not because they 
are related, but because they have the same substitutions!!  

http://cshprotocols.cshlp.org/ 
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Á Questions? 
Á Artifact of long-branch attraction!!  

 
Á Advantage & Disadvantage: 
Á MP is best suited for sequences that are quite similar and is limited to 

small numbers of sequences(all possible trees relating a group of 
sequences are examinedɂɂtime-consuming). 

http://cshprotocols.cshlp.org/ 
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