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Comparative genomics analysis
M. leprae- Leprosy

pseudogenes-degraded 
and nonfunctional genes

M. tuberculosis (4.4 Mb)
and M. bovis (4.3 Mb)-
Tuberculosis

99.5% sequence identity 

Fig. 16.20



Reverse vaccinology
Comparative genomics helps to create a short list 
of candidate targets as vaccine antigens

expressed during infections
secreted or on the surface
found in all strains
elicit immune response
essential for the pathogen survival 

A single genome approach
A pan-genome approach
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Metagenomics- an environmental genomics

used to learn more about the diversity and 
metabolic potential of microbial communities
may serve to establish hypotheses concerning 
interactions between community members
being viewed as a baseline technology for 
understanding the ecology and evolution of 
microbial ecosystems

Phylochip
Human microbiome
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Construction and screening of genomic 
libraries directly from the environment

Figure 16.21
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Taxonomy
science of biological classification

classification – arrangement of organisms into 
groups (taxa; s.,taxon)
nomenclature – assignment of names to taxa
identification – determination of taxon to which an 
isolate belongs



Classification Systems
natural classification
- share many characteristics
- reflects biological nature of organisms

two methods for construction
Phenetically

grouped together based on overall similarity
Phylogenetically 

grouped based on probable evolutionary 
relationships



Taxonomic Ranks

Fig. 17.1



Species
collection of strains that share many stable 

properties and differ significantly from other 
groups of strains



Strains
descended from a single organism or pure culture 
isolate

biovars – differ biochemically and physiologically
morphovars – differ morphologically (rough or 
smooth…) 
serovars – differ in antigenic properties                              
(e.g., E. coli K12, O157::H7, O104::H4….)

Type strain
usually one of first strains studied, often most fully 
characterized, not necessarily most representative one



Binomial nomenclature
Devised by Carl von Linné (Carolus
Linnaeus)

Each organism has two names
genus name – italicized and capitalized 

Escherichia
species epithet – italicized but not capitalized  

coli
can be abbreviated after first use 

Escherichia coli E. coli

A new species cannot be recognized until 
it has been published in the International 
Journal of Systematic and Evolutionary 
Microbiology



General nomenclature
Salmonella typhi
Salmonella typhimurium
Klebsiella pneumoniae
Shigella dysentery
Helicobacter pylori
Legionella pneumonphila
Rickettsia prowazekii



Techniques for determining microbial 
taxonomy and phylogeny

classical characteristics





Ecological Characteristics
Ecotype

life-cycle patterns
symbiotic relationships
ability to cause disease
habitat preferences
growth requirements



Molecular Approaches
allow for the collection of a large and 
accurate data set from many organisms and 
provide the best analysis of microbial 
evolution
Molecular Characteristics

nucleic acid base composition, nucleic acid 
hybridization, and nucleic acid sequencing
genomic fingerprinting
amino acid sequencing



Nucleic acid base composition
G + C content

% GC = (G + C/G + C + A 
+ T)100
usually determined from 
melting temperature (Tm)
variation within a genus 
usually <10%

Fig. 17.2



Nucleic Acid Hybridization
sequence homology
common procedure

target DNA transferred to 
nitrocellulose filter
incubate filter with 
radioactive 1S DNA
measure amount of 
radioactive DNA on filter



Nucleic Acid Sequencing
making taxonomic assignments at genus level
oligonucleotide signature sequences found

indels (insertion/deletion)
specific rRNA fragments can be compared

70% sequence homology is cutoff value for 
species definition

high-throughput sequencing



Genomic Fingerprinting
Multilocus sequence analysis (MSLA)

Comparison of 5~7 housekeeping genes (orthologous
genes) that evolve more quickly than rRNA genes

Multilocus sequence typing (MLST) 
discriminates among strains

ERIC (enterobacterial repetitive intergenic consensus) or 
REP (repetitive extragenic palindromic)

Single nucleotide polymorphism (SNP)
single nucleotide changes or polymorphisms in specific 
genes



Restriction fragment length 
polymorphism (RFLP)

uses restriction enzymes to recognize 
specific nucleotide sequences

cleavage patterns are compared
ribotyping



An overview of the genomic 
fingerprinting technique



Amino acid sequencing
amino acid sequence of cytochromes, histones, 
and heat-shock proteins has provided relevant 
taxonomic and phylogenetic information

cannot be used for all proteins because sequences 
of proteins with different functions often change at 
different rates



Relative taxonomic resolution of 
various molecular techniques

Fig. 17.6



Phylogenetic Trees
inferred evolutionary relationships in the form of 
multiple branching lineages connected by 
nodes
identified sequences at tip of branches 

Operational taxonomic unit (OTU)
nodes represent a divergence event
length of branch represents number of 
molecular changes between two nodes



Distance-based phylogenetic tree

CLUSTAL
align sequences
determine number of 
different positions
express difference 
(evolutionary 
distance ) create tree
clustered based on 
relatedness

parsimony – fewest 
changes from ancestor 
to the organism

- Corrected by back 
mutation to the original 
genotype or other 
forward mutations that 
could have occurred at 
the same site



Phylogenetic Trees
rooted tree

has node as common 
ancestor

unrooted tree
represents a 
phylogenetic relationship

Fig. 17.8

unrooted

rooted

rooted by adding 
an outgroup



Lateral gene transfer
extensive horizontal gene 
transfer (HGT) within and 
between domains
not as linear and treelike

resemble web or network 
each branch representing 
the transfer of one or a few 
genes

Fig. 17.9



Hypothesis- evolution of the three 
domains of life
the first primitive life forms were 
generated when RNA became 
enclosed in a lipid sphere 
last universal common ancestor 
(LUCA)

based on SSU rRNA
the earliest region is on the 
bacterial branch
Archaea and Eukarya
evolved independently of 
Bacteria

Fig. 17.10



Professor of Microbiology at the University of Illinois at Urbana-Champaign
centered on genomic analysis and emphasis on understanding the 

evolutionary significance of horizontal gene transfer (HGT):

1. Phylogenies of the aminoacyl-tRNA synthetases and the effect on HGT 
2. Construct a model (theory) of how the archaeal, eubacterial, and eukaryotic 

cells have evolved from the RNA-world

Carl Richard Woese 
Born July 15, 1928 (B.A. Math and Physics, 
Amherst College, 1950; Ph.D. Biophysics, 
Yale University, 1953)

-1967, the originator of the RNA world 
hypothesis

-1977, define the Archaea by phylogenetic 
taxonomy of 16S rRNA





Microbial evolution
Earth formed ~ 4.6 billion years 
ago (bya) when life began to arise 
soon after planet cooled
Appearance of life

first prokaryotes arose at least 
3.5 to 3.8 bya

fossilized remains found in 
stromatolites

stromatolites –formed by 
incorporation of mineral 
sediments into microbial mats



Evolution of eukaryotes
arose from prokaryotes ~ 1.4 bya

ancestral eukaryotic cell had lost cell wall
two major hypotheses (Fig. 17.11)

nuclei, mitochondria, and chloroplasts arose by 
invagination of plasma membranes
endosymbiotic hypothesis

arose from a fusion of ancient bacteria and 
archaea



Mitochondria and chloroplasts
believed to be descended from  Rickettsiae and
Prochlorococcus

became engulfed in a precursor cell to provide 
essential function for host

Hydrogenosomes
found in protists that produce ATP by fermentation 
an anaerobic bacterium symbiont that produced H2 
and CO2 as fermentation end products ultimately 
evolved into a mitochondrion or a hydrogenosome

Organelle evolution



Microbial evolutionary processes
Bacteria and Archaea are asexual
heritable changes occur 

mutation and natural selection
gene loss or gain
intragenomic recombination
horizontal gene transfer (HGT) not as 
important for initial evolution 



Anagenesis model

microevolution 
genetic drift

macroevolution
small, random genetic 
changes over 
generations which slowly 
drive either speciation or 
extinction
only adaptive mutants 
are selected 



Metapopulation model
groups of microbes live in 
separate patches of different 
niches
population in one patch 
diversifies into heterogenous
group
scarce resources cause 
mingling between different 
patches
genetic divergence occurs

Fig. 17.12



Ecotype model
members of specific 
ecosystem diversify and gain 
adaptive mutation to compete 
for resources
extinction occurs in other 
ecosystems and reduced 
genetic variation



Horizontal gene transfer model

pan-genome, a taxon, 
includes the core genome
plus “housekeeping” and 
dispensable genes

pan-genome genes 
acquired through HGT
requires genetically 
heterogeneous group of 
microbes

Fig. 17.13



Bergey’s manual of systematic 
bacteriology

The first edition 
primarily phenetic and cell wall characteristics play 
important role

The 9th edition (current one)
largely phylogenetic rather than phenetic
2 prokaryotic domains (Ch 3)

Domain Bacteria
Domain Archaea



Gram (-) and Gram (+) bacteria
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