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We meet 3 times a week, from 10:30 to 11:50 am:

Monday W4013 (lecture/discussion)

Wednesday W4013 (lecture/discussion)

Friday W3017 (computer lab)

Announcements: where/when we meet



Textbook: Bioinformatics and Functional Genomics 

(2nd edition, Wiley-Blackwell, 2009) by J. Pevsner, 

ISBN 978-0-470-08585-1. 

ÅWeôll cover chapters 13-20 in this course

ÅFor those who donôt want to buy a copy, I will share pdfs of

all the chapters with the class

ÅYou can buy a copy at the website www.bioinfbook.org

and get a  nice discount ($80). Itôs $87 at Amazon.com.

ÅThe JHU bookstore may have copies.

ÅWelch Library may have copies

Bookôs website: www.bioinfbook.org

Course website: http://www.bioinfbook.org/genomics.php 

or visit www.bioinfbook.org/chapter 13

Announcements: book, website



Outline of this course

Tree of life (this week)

Viruses

Bacteria and archaea (Egbert Hoiczyk)

Eukaryotes

The eukaryotic chromosome

Fungi; yeast functional genomics (Jef Boeke)

Protozoans (David Sullivan)

Nematodes (Alan Scott)

Rodents: mouse and rat

Primates

The human genome (Dave Valle)

Human disease



Outline of todayôs lecture

Introduction: 5 perspectives, history of life

Genome-sequencing projects: chronology

Genome analysis: criteria, resequencing, metagenomics

DNA sequencing technologies: Sanger, 454, Solexa

Process of genome sequencing: centers, repositories

Genome annotation: features, prokaryotes, eukaryotes



Five approaches to genomics

As we survey the tree of life, consider these perspectives:

Approach I: cataloguing genomic information
Genome size; number of chromosomes; GC 
content; isochores; number of genes; repetitive 
DNA; unique features of each genome

Approach V: Bioinformatics aspects
Algorithms, databases, websites

Approach IV: Human disease relevance

Approach III: function; biological principles; evolution
How genome size is regulated; polyploidization; 
birth and death of genes; neutral theory of 
evolution; positive and negative selection; speciation

Approach II: cataloguing comparative genomic information
Orthologs and paralogs; COGs; lateral gene transfer
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Two projects for this course

Option [1] Select a genome and describe it in detail.

Option [2] Select a gene and describe it in detail.

For each, follow the five approaches just outlined, and 

apply the principles that we learn in this course.



Reading: Webb Miller et al. (2004) Comparative genomics

Introduction

Lessons learned form comparative genomics

What have we learned about genes by comparing genomic 

sequences?

What have we learned about regulation?

About 5% of the human genome is under purifying selection

Positively regulated regions

Mechanisms and history of mammalian evolution

Nonuniformity of neutral evolutionary rates within species

Nonuniformity of evolution along the branches of phylogeny

Learning more form existing data

Choice of species

Choice of tools

Future of comparative genomics



Levels of analysis in genomics

level topics databases

DNA genes, chromosomes GenBank

RNA ESTs, ncRNA UniGene, GEO

protein ORFs, composition UniProt

complexes binary, multimeric BIND

pathways COGs, KEGG

organelles

organs

individuals variation and disease HapMap

species speciation TaxBrowser; SGD

genus JAX mouse 

phylum FishBase

kingdom TOL



Definitions of terms

Genomics is the study of genomes (the DNA comprising an 
organism) using the tools of bioinformatics.

Bioinformatics is the study protein, genes, and genomes using 
computer algorithms and databases.

Systematics is the scientific study of the kinds and diversity of 
organisms and of any and all relationships among them.

Classification is the ordering of organisms into groups on the 
basis of their relationships. The relationships may be 
evolutionary (phylogenetic) or may refer to similarities of 
phenotype (phenetic).

Taxonomy is the theory and practice of classifying organisms. 



Outline of todayôs lecture

Introduction: 5 perspectives, history of life: trees

Genome-sequencing projects: chronology

Genome analysis: criteria, resequencing, metagenomics

DNA sequencing technologies: Sanger, 454, Solexa

Process of genome sequencing: centers, repositories

Genome annotation: features, prokaryotes, eukaryotes



Fig. 13.1
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Pace (2001) described a tree 

of life based on small subunit 

rRNA sequences. 

This tree shows the main

three branches described

by Woese and colleagues.



Ernst Haeckel (1834-1919), a supporter of Darwin,

published a tree of life (1879) including Monera

(formless clumps, later named bacteria).

Introduction: Systematics
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plants

animals

monera

fungi

protists
protozoa

invertebrates

vertebrates

mammals
Five kingdom

system

(Haeckel, 1879)
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Chatton (1937) distinguished prokaryotes (bacteria

that lack nuclei) from eukaryotes (having nuclei).

Whittaker (1969) and others described the five-kingdom

system: animals, plants, protists, fungi, and monera.

In the 1970s and 1980s, Carl Woese and colleagues

described the archaea, thus forming a tree of life

with three main branches: archaea, bacteria, eukaryotes.

Introduction: Systematics

Page 520



Whittaker RH (1969) New concepts of kingdoms or organisms. Evolutionary 

relations are better represented by new classifications than by the traditional two 

kingdoms. Science. 163(863):150-60. 

Whittaker (1969): The two-kingdom system as it might have 

appeared in the early 1900s

Plantae Animalia



Whittaker RH (1969) New concepts of kingdoms or organisms. Evolutionary 

relations are better represented by new classifications than by the traditional two 

kingdoms. Science. 163(863):150-60. 

The Copeland four-kingdom system of the 1930s-1950s
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Whittaker RH (1969) New concepts of kingdoms or organisms. Evolutionary 

relations are better represented by new classifications than by the traditional two 

kingdoms. Science. 163(863):150-60. 

Whittaker (1969): The five-kingdom system

Plantae Fungi Animalia

Monera

Protista

Levels:

prokaryotic (Monera)

eukaryotic unicellular

eukaryotic multicellular



Historically, trees were generated primarily using

characters provided by morphological data. Molecular

sequence data are now commonly used, including

sequences (such as small-subunit RNAs) that are

highly conserved.

Visit the European Small Subunit Ribosomal RNA

database for 20,000 SSU rRNA sequences.

Molecular sequences as basis of trees
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Pace (2001) described a tree 

of life based on small subunit 

rRNA sequences. 

This tree shows the main

three branches described

by Woese and colleagues.

Fig. 13.1
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http://www.zo.utexas.edu/faculty/antisense/Download.html 

Tree of life from David Hillisô lab (based on ~3000 rRNAs)

animals
plants

fungi

protists

bacteria
archaea

you are here



http://www.zo.utexas.edu/faculty/antisense/Download.html 

you are here

Tree of life from David Hillisô lab (based on ~3000 rRNAs)



Ribosomal RNA Database

Ribosomal Database Project

http://rdp.cme.msu.edu/index.jsp

Santos, S. R. and Ochman H. Identification and phylogenetic

sorting of bacterial lineages with universally conserved 

genes and proteins. Environmental Microbiology. 2004. 

Jul(6)7:754-9.

Download fusA (translation elongation factor 2 [EF-2])

Obtain DNA in the fasta format

Align by ClustalW in MEGA

Create a neighbor-joining tree
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European Small Subunit Ribosomal RNA database

(http://www.psb.ugent.be/rRNA/ssu/)


