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The history of the earth is
recorded in the layers of its crus
The history of all organisms is
inscribed in the chromosomes

Kihara Hitoshi (1946)
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Part 1  Basic Processes of Genome 
Evolution

Chapter 1  Basic Metabolism Surrounding 
DNAs

Chapter 2  Mutation

Chapter 3  Phylogeny

Chapter 4  Neutral Evolution

Chapter 5  Natural Selection



Chapter 3  
Phylogeny

3.1 DNA replications generate 
phylogenies
3.2 Genealogy of individuals
3.3 Gene genealogy
3.4 Species phylogeny
3.5 Basic concepts of trees and networks
3.6 Biological nature of trees and 
networks



Figure 3-2: A schematic representation of the 
phylogenetic tree of 10bp DNA sequences



Figure 3-4: Cell genealogy of C. elegans (based on 
ref 3-27)



Fig. 3.5 Genealogy of one diploid individual



Figure 3-7: Gene genealogy for haploids.
(A) Animal mitochondrial DNA. (B) Mammalian Y chromosomes
(C) Avean W chromosomes.







From Kitano et al. (2010)

Figure 3-11: Gene phylogeny with recombinations for gibbon 
ABO blood group genes (from ref 3-9)



Figure 3-12: Three kinds of gene phylogenies.  (A) Temporal 
and mutational gene phylogeny.  (B) Mutational gene phylogeny.  
(C) Estimated gene phylogeny (from ref 3-13).





Fig. 3.20 Two possible gene genealogies for three species



Figure 3-21: Trees for 6 OTUs. (A) A rooted tree. (B) An 
unrooted tree.



Figure 3-22: Example of nontree networks for 6 OTUs







For n OTUs,
[Nr(n)]: possible number of rooted trees
[Nu(n)]: possible number of unrooted trees

Nr(n) = 1×3×5× ... ×(2n-3)

Nu(n) = 1×3×5× ... ×(2n-5)
= (2n - 5)! / [2n-3 (n - 3)!]





Fig. 3.25 An example of unrooted tree for nine 
OTUs



How to describe one tree?



How to describe one tree?

(



Table 3.2 A splits matrix that describes the tree shown in Fig







Fig. 3.30 Two possible unlabeled rooted trees for four spec



Part 2   Evolving Genomes

Chapter 6  Brief History of Life
Chapter 7  Prokaryote Genomes
Chapter 8  Eukaryote Genomes
Chapter 9  Vertebrate Genomes
Chapter 10  Human Genomes



Part 3   
Methods for Evolutionary 

Genomics
Chapter 11  Genome Sequencing 
Chapter 12  Omic Data Collection 
Chapter 13  Databases
Chapter 14  Sequence Homology 
Handling
Chapter 15  Evolutionary Distances
Chapter 16  Tree and Network Building
Chapter 17  Population Genomics



Chapter 15  
Evolutionary Distances

15.1 Overview of Evolutionary Distances
15.2 Nucleotide Substitutions
15.3 Synonymous and Nonsynonymous 
Substitutions
15.4 Amino Acid Substitutions
15.5 Evolutionary Distances Not Based on 
Substitutions

























Figure 15-6: Relationship of various nucleotide
substitution models





Chapter 16  
Tree and Network Building

16.1 Classification of Tree-Building Methods
16.2 Distance Matrix Methods
16.3 Neighbor-Joining Method
16.4 Phylogenetic Network Construction from Distance Matrix 
Data
16.5 Maximum Parsimony Method
16.6 The Maximum Likelihood Method
16.7 Phylogenetic Network Construction from Character- State 
Data
16.8 Tree-Searching Algorithms
16.9 Comparison of Phylogenetic Tree-Making Methods
16.10 Phylogeny Construction Without Multiple Alignment













Fig. 16.3 An unrooted tree for three OTUs



Fig. 16.4 Explanation of the
distance Wagner method





















Fig. 16.13 An unrooted tree of six sequences













Chapter 17  
Population Genomics

17.1 Evolutionary Distances Between 
Populations
17.2 Mitochondrial DNA Population Genomics
17.3 Population Genomics of Prokaryotes
17.4 Population Genomics of Nuclear Genomes


































