
THE DIVERSITY 
OF GENOMES AND 
THE TREE OF LIFE





Some Cells Fix Nitrogen and 
Carbon Dioxide for Others

Cells Can Be Powered by a 
Variety of Free-Energy Sources





The geology of a hot 
hydrothermal vent in the 
ocean floor



The phototrophic bacterium Anabaena cylindrica viewed in the light 
microscope. 

The cells of this species form long, multicellular filaments. 

Most of the cells (labeled V) perform photosynthesis, while others 
become specialized for nitrogen fixation (labeled H) or develop into 
resistant spores (labeled S).



A lithotrophic bacterium. 

Beggiatoa, which lives in sulfurous 
environments, gets its energy by 
oxidizing H2S and can fix carbon 
even in the dark. 

Note the yellow deposits of sulfur 
inside the cells.



The Greatest Biochemical 
Diversity Exists Among 
Prokaryotic Cells



Most prokaryotic cells are small and simple in outward 
appearance. They live mostly as independent individuals or 
in loosely organized communities, rather than as 
multicellular organisms. They are typically spherical
or rod-shaped and measure a few micrometers in linear 
dimension.



Vibrio cholerae

In the electron microscope, cell interior of 
bacteria appears as a matrix of varying texture 
without any discernible organized internal 
structure 



The three major divisions 
(domains) of the living world

The tree shown here is based on comparisons of the nucleotide sequence of a 
ribosomal RNA (rRNA) subunit in the different species, and the distances in the 
diagram represent estimates of the numbers of evolutionary changes that have 
occurred in this molecule in each lineage



Some Genes Evolve Rapidly;

Others Are Highly Conserved



Small rRNA gene similarity comparison

Genetic information conserved since the days of the last common ancestor of 
all living things.

A part of the gene for the smaller of the two main rRNA components of the 
ribosome is shown. (The complete molecule is about 1500–1900 nucleotides 
long, depending on species.) Corresponding segments of nucleotide sequence 
from an archaean (Methanococcus jannaschii), a bacterium (Escherichia coli), 
and a eukaryote (Homo sapiens) are aligned.



Most Bacteria and Archaea 
Have 1000–6000 Genes



X1000(kb) genome genesinfo habitat



New Genes Are Generated 
from Preexisting Genes 

1. Intragenic mutation: an existing gene can be randomly modified by changes in 
its DNA sequence, through various types of error that occur mainly in the 
process of DNA replication.

2. Gene duplication: an existing gene can be accidentally duplicated so as to 
create a pair of initially identical genes within a single cell; these two genes may 
then diverge in the course of evolution.

3. DNA segment shuffling: two or more existing genes can break and rejoin to 
make a hybrid gene consisting of DNA segments that originally belonged to 
separate genes.

4. Horizontal (intercellular) transfer: a piece of DNA can be transferred from the 
genome of one cell to that of another—even to that of another species. This 
process is in contrast with the usual vertical transfer of genetic infor-mation from 
parent to progeny.



Four modes of 
genetic innovation 
and their effects on 
the DNA sequence of 
an organism.



Gene Duplications Give Rise to 
Families of Related Genes 
Within a Single Cell



Families of evolutionarily related genes in the 
genome of Bacillus subtilis. The largest gene 
family in this bacterium consists of 77 genes 
coding for varieties of ABC transporters—a class 
of membrane transport proteins found in all 
three domains of the living world. 



Ortholog vs Paralog Homology 
Formation of new genes and gene families



Horizontal gene transfers in early 
evolution.

Early cells may have been less 
capable of maintaining their separate 
identities and exchanging genes 
more readily than now.  

Three main lineages may have 
inherited different but overlapping 
subsets of gene from primordial 
community of cells. 



bakteria

archae eukaryotes

More Than 200 Gene Families Are 
Common to All Three Primary 
Branches of the Tree of Life



For the purpose of this analysis, gene families are defined as “universal” if they are 
represented in the genomes of at least two diverse archaea (Archaeoglobus fulgidus
and Aeropyrum pernix), two evolutionarily distant bacteria (Escherichia coli and Bacillus 
subtilis), and one eukaryote (yeast, Saccharomyces cerevisiae).



The Function of a Gene Can 
Often Be Deduced from Its 
Sequence



Hb beta
Gene cluster

?



Eukaryotes Have 
Hybrid Genomes

The origin of mitochondria. 
An ancestral anaerobic predator cell (an archaeon) is thought to have engulfed 
the bacterial ancestor of mitochondria, initiating a symbiotic relationship. Clear 
evidence of a dual bacterial and archaeal inheritance can be discerned today 
in the genomes of all eukaryotes.



The origin of chloroplasts. 
An early eukaryotic cell, already possessing mitochondria, engulfed a 
photosynthetic bacterium (a cyanobacterium) and retained it in symbiosis. 
Present-day chloroplasts are thought to trace their ancestry back to a single 
species of cyanobacterium that was adopted as an internal symbiont (an 
endosymbiont) over a billion years ago.



Genes Can Be Transferred 
Between Organisms, Both in the 
Laboratory and in Nature



The viral transfer of DNA 
into a cell. 

(A) An electron micrograph 
of particles of a bacterial 
virus, the T4 bacteriophage.

(B) A cross section of an
E. coli bacterium with a T4 
bacteriophage latched onto 
its surface.

(C-E) The process of DNA 
injection into the bacterium 



Mutations Reveal the 
Functions of Genes

A mutant phenotype reflecting the function of a gene. A normal yeast (of the 
species Schizosaccharomyces pombe) is compared with a mutant in which a 
change in a single gene has converted the cell from a cigar shape (left) to a T 
shape(right).



Molecular Biology Began with 
a Spotlight on E. coli



MODEL ORGANISMS
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