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Part 1  Basic Processes of Genome Evolution

Part 2   Evolving Genomes

Part 3   Methods for Evolutionary Genomics

Introduction to Evolutionary Genomics



Part 1  Basic Processes of Genome Evolution

Chapter 1  Replication, Transcription, and
                   Translation
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
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Figure 3-4: Cell genealogy of C. elegans (based on ref 
3-27)
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Individual genealogy for diploid



Figure 3-6: A phylogenetic tree of human individuals (based on ref 3-4)
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Figure 3-7: Gene genealogy for  haploids.
(A) Animal mitochondrial DNA. (B) Mammalian Y chromosomes (C) 
Avean W chromosomes.
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Figure 3-9: Human mitochondrial DNA genome trees for 53 individuals 
(based on ref 3-8)
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Figure 3-8: Contributions of maternal and paternal lineages of 
mitochondrial DNA and Y chromosomes
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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).

a

b

1

2

3

4

5

6

7

(A) (B)
1

2

3

4

5

6

7
single nucleotide substitution

(C)
Human D100/100/100

Human CE�Rh

Torafugu

Human

Human

Human

Torafugu

Torafugu

Torafugu-1

Torafugu-2

Ascidian Rh-A

Ascidian Rh-B

Ascidian Rh-C

Amphioxus RhR-1

Amphioxus RhR-2

�RhAG

RhBG

RhCG

�

�

100/100/100

59/51/88

99/90/
96

95/99/
100

99/99/
100

96/87/100

100/100/100

100/100/100

100/100/100

58/76/100

83/76/100

0.1

32/46/94



Figure 3-13: A linialized gene tree of Figure 3-12C (from ref 3-13)



Figure 3-14: Two possible trees regarding gene duplications
(A) Gene duplication was misinterpreted as speciation. (B) Two gene 
duplication occurred after speciation
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Figure 3-15: Duplogs transformed to be 'alleles'
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Figure 3-16: Phylogenetic relationship of hominoid immunoglobulin A  
gene region (from ref 3-20)
(A)Spurious tree when nucleotide sequence data were simply used for tree 

construction
(B)Proposed tree where one gene duplication occurred before speciation 

of human and great apes
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Figure 3-19: A mitochondrial DNA genome tree as approximation of a 
species tree. Human, chimpanzee, and bonobo, 5 individuals each were 
used.
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Figure 3-21: Trees for 6 OTUs. (A) A rooted tree. (B) An unrooted tree.
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Figure 3-22: Example of nontree networks for 6 OTUs
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How to describe one tree? List of branches
[1, 10]
[2, 10]
[3, 11]
[4, 12]
[5, 12]
[6, 14]
[7, 15]
[8, 16]
[9, 16]
[10, 11]
[11, 13]
[12, 13]
[13, 14]
[14, 15]
[15, 16]
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How to describe one unrooted tree?



Newick (New Hampshire) Format

•(I, II, III);
•I = 1,2,3,4 II = 5,6 III = 7,8

•I = (1,2)
•I = ((1,2),3)
•I = (((1,2),3),4)
•((((1,2),3),4),(5,6),(7,8));
•= (((((1,2),3),4),(5,6)),7,8);
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Completely Bifurcating Tree
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Figure 3-23: Three possible unrooted trees for 4 OTUs and 
their corresponding rooted trees





General Formula

Nr(n) = 1×3×5× ... ×(2n-3)
	


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





Figure 3-29: The hypersphere of tree topologies: from the star tree to
completely bifurcating tree when N = 7









From Kitano et al. (2010)



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
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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

























Figure 15-6: Relationship of various nucleotide 
substitution models







































Chapter 17  Population Genomics
17.1 Evolutionary distances between populations
	

 17.1.1 Distance between populations based on gene genealogy
	

 17.1.2 Distance between species based on gene genealogy
	

 17.1.3 Distance between populations based on allele frequency differences
	

 17.1.4 Evolutionary distance between genomes
17.2 Mitochondrial DNA population genomics
	

 17.2.1 Inference of gene genealogy
	

 17.2.2 Population size fluctuation
	

 17.2.3 Estimation of nucleotide substitution patterns
17.3 Population genomics of prokaryotes
17.4 Population genomics of nuclear genomes
	

 17.4.1 Relationship of individuals and populations
	

 17.4.2 Admixture
	

 17.4.3 Introgression
	

 17.4.4 Population size fluctuation
	

 17.4.5 Genome wide association study











Phylogenetic trees of mtDNA sequences of Malaysians (from Jinam et al. 2012)










