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Why study microbial genomes?
• studies on whole genome sequences give us a complete genomic 

blueprint for an organism. We can examine how all the parts operate 
cooperatively to influence the activities and behavior of an entire 
organism – a complete understanding of the biology of an organism. 
Microbes provide an excellent starting point for studies of this type as 
they have a relatively simple genomic structure compared to higher, 
multi-cellular organisms.

• studies on microbial genomes may provide crucial starting points for the 
understanding of the genomics of higher organisms.

• analysis of whole microbial genomes also provides insight into microbial 
evolution and diversity beyond single protein or gene phylogenies.

• analysis of whole microbial genomes is also a powerful tool in 
identifying new applications for biotechnology and new approaches
to the treatment and control of pathogenic organisms.
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Genome size variation

From McAllister, UTA



Early microbial genome sequencing

Organism/organelle   Genome Size   Date                   Comment

Bacteriophage MS2        5.6 knt        1976            First organism (ss-RNA)

Bacteriophage φX174       5.4 kbp       1977            Nature 265:687, 1977

SV40                     5.8 kbp       1979            First virus

CaMV                    8.0 kbp       1980            Cauliflower mosaic virus

TMV                     6.3 knt        1982            Tobacco mosaic virus

Bacteriophage   λ 48.5 kbp       1982

chloroplast                121 kbp       1986            Tobacco

Vaccinia virus             192 kbp       1990            

CMV                    229 kbp       1991            Cytomegalovirus

Marchantia polymorpha 187/121 kbp    1992    liverwort mitochondria & chloroplast

Variola                   186 kbp      1993   Smallpox virus (automated sequencing)
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Genome types

• RNA Genome
i) ssRNA

- e.g., Poliovirus, Rabies virus, HIV retrovirus
ii) dsRNA

- e.g., Reovirus
This virus’ genome consists of 10-12 
linear pieces of ssRNA

• DNA Genome
• ssDNA

- linear paroviruses
- circular M13 phage



ii) dsDNA genome

- linear - T4 phage

- Herpes viruses

- Simian virus 40 (SV40)

- sealed ends/closed - Poxvirus

- terminated protein - Adenovirus

- circular



Viral genomes encode:

genes for their own replication

genes for taking over the hosts metabolism and/or 
integrating into the host’s genome

(retrovirus integrase) genes for their own replication

genes for capsid proteins/viral coat proteins



http://www.ncbi.nlm.nih.gov/PMGifs/Genomes/vis.html
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http://wit.integratedgenomics.com/GOLD/

118 Published Complete Genomes:

352 Prokaryotic Ongoing Genomes:

Archaeal: 16 species
Bacterial: 87 species

Archaeal: 23 species
Bacterial: 329 species

Eukaryal: 15 (Homo sapiens, plants, insects, nematodes, protozoa, fungi, …)



The principal steps involved in generating
a complete bacterial genome sequence

(the only really
automatable step)



Microbial genome sequencing strategy
• “Shotgun” sequencing 

– shear DNA into small fragments
– insert into vector
– sequence in from vector
– computer aligns & assembles sequences based on overlap
– ordering of contigs
– primer walking to complete sequence

• Working with sequence data 
– open reading frames identified
– databases searched for similar sequences –

genes identified & annotated
– comparison of genetic complements

of different organisms



Whole genome shotgun assembly

1.  Find overlapping reads

2.  Merge good pairs of reads into 
longer contigs

3.  Link contigs to form supercontigs

4.  Derive consensus sequence ..ACGATTACAATAGGTT..

http://www-genome.wi.mit.edu/wga/



Laboratory tools for studying whole genomes

Pulsed Field Gel Electrophoresis (PFGE)
• the most important factor in PFGE resolution is switching time, 

longer switching times generally lead to increased size of  DNA 
fragments which can be resolved

• switching times are optimised for the expected size of the DNA 
being run on the PFGE gel

• switch time ramping increases the region of the gel in which DNA
separation is linear with respect to size

• a number of different apparatus have been developed in order to 
generate this switching in electric fields however most commonly
used in modern laboratories are FIGE (Field Inversion Gel 
Electrophoresis) and CHEF (Contour-Clamped Homogenous 
Electrophoresis)



Separating large fragments

Pulsed field gel electrophoresis (PFGE)

Alternating electric fields

field inversion transverse alternating

– –

+ +

FIGE CHEF



Large insert cloning vectors – BAC & PAC
• conventional plasmid derived cloning vectors are only able to reliably 

maintain inserts less than 20 kb in size
• there are a number of approaches to generating clones with inserts in 

an intermediate size range (20 – 80 kb) such as cosmids, etc.
• the most commonly used vectors for cloning extremely large DNA 

inserts are BACs (Bacterial Artificial Chromosomes) and PACs (P1-
derived Artificial Chromosomes)

• both BAC and PAC vectors are plasmid derived vectors distinguished 
from conventional vectors by extremely tightly controlled low copy 
numbers

• BAC and PAC vectors both utilise E. coli as the host organism
• BAC vectors are based on the E. coli single copy F-factor plasmid –

the F-factor origin of replication is very tightly controlled
• PAC vectors are based on an identical principle but instead use a 

single copy origin of replication derived from P1 phage



Example - Haemophilus influenzae
• first complete genome sequence of a free living organism (1995)
• important pathogen
• genome is around 1.83 Mb in size
• random sequencing was done for both small insert and large insert 

(lambda) libraries
• sequencing reactions performed by eight individuals using fourteen 

ABI 377 DNA sequencers per day over a three month period
• in total around 33000 sequencing reactions were performed on 

20000 templates
• plasmid extraction performed in a 96 well format
• 11 Mb of sequence was intially used to generate 140 contigs
• gaps were closed by lambda linking clones (23), peptide links (2), 

Southern analysis (37) and PCR (42)
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Genes are interspersed along DNA molecules, being separated 
by DNA sequence of unknown function (intergenic regions)
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Bacterial chromosomes (1)

double stranded DNA, range of sizes:

~750 kb in Mycoplasma species

5000 kb (5 Mb) in Escherichia coli

10 Mb in Streptomyces species



Bacterial chromosomes (2)

Usually a single chromosome, 

but the following species 
have two chromosomes….

Vibrio cholerae (3.0 and 1.1 Mb)

Burkholderia pseudomallei (3.6 and 2.4 Mb)

Rhodobacter spheroides (3 and 1Mb)



Bacterial chromosomes (3)

Usually circular, supercoiled DNA
(comparing to linear eukaryotic chromosomes)

e.g., E. coli, Bacillus subtilis, Streptomyces coelicolor, 
Salmonella typhimurium, Streptococcus pneumoniae,
Haemophilus influenzae

but linear chromosomes in some spirochaetes [e.g.,
Borrelia burgdorferi (~911 kb)]

(Nature 390:580-586, 1997)



Bacterial chromosomes (4)

Chromosome-associated proteins, ‘histone-like’ proteins
or ‘nucleoid-associated’ proteins 

e.g., HU of Escherichia coli, 40,000 molecules/cell 
(approx. 1 molecule/100 bp of DNA) 

involved in packaging the chromosome, regulating 
transcription 



Bacterial plasmids (1)

Stable, independently replicating ‘additional’ genetic 
elements 

mostly circular, supercoiled, 
double stranded DNA molecules

but….
linear plasmids in Streptomyces, Borrelia burgdorferi
single-stranded DNA plasmids in Myxococcus xanthus



Bacterial plasmids (2)

Regulated copy number: 

- small plasmids (5-10 kb) 50-100 copies/cell 
(1000 in some Streptomyces plasmids) 

- large plasmids (50-200 kb) 1-10 copies/cell 

Limited host range – but some ‘promiscuous’,
broad host range plasmids



Bacterial plasmids (3)

Accessory genetic elements encoding adaptive functions: 
conjugation 
antibiotic resistance:

enzymic degradation (e.g. penicillin)
enzymic modification (e.g. chloramphenicol)
altered membrane permeability (e.g. tetracycline) 
alteration of drug target (e.g. streptomycin)
alternative metabolic activity (e.g. sulphonamide) 

virulence (invasion, toxin production) 
symbiosis
substrate degradation



Bacterial viruses (1)

a.k.a. bacteriophages (eaters of bacteria) or ‘phages’

Virulent phages lyse 
(break open) infected cells

Temperate phages form 
prophages in infected cells 
(undergo lysogeny) 



Bacterial viruses (2)

Phage (or lysogenic) conversion:
Streptococcus pyogenes (throat infections, scarlet fever)
Corynebacterium diphtheriae (diphtheria)

Toxin genes on prophages, so only lysogens are virulent

Non-virulent (i.e. non-lysogenic) strains‘converted’ to virulence
by phage infection



Mobile genetic elements (1)

a.k.a. transposable genetic elements

Insertion sequences (IS)

Transposons

Pathogenicity islands (PAIs)

(PAIs) are stretches of ORFs on a bacterial chromosome which contain 
in clustered form main determinants of the bacterium‘s Pathogenicity
Islands pathogenic potential.



Mobile genetic elements (2)

Insertion sequences (IS)
typically 1300-1500 bp 
encode ‘transposase’ (Tnp) and other proteins 
terminal inverted repeat (IR, ) sequences (8-40 bp) 
duplicated ‘target sequence’ (0-12 bp) 

IS1 of Escherichia coli
unusually small, 768 bp 
8 genes (including Tpn)
IRs are 23 bp 
target sequence is 9 bp  



Mobile genetic elements (3)

Class II (simple) transposons - similar to ISs

Tn3 3.5kb    bla
Tn2513 7 kb mer
Tn21 19 kb mer sul str 
Tn4 22 kb bla* sul str (*Tn3) 



Mobile genetic elements (4)

Class I (composite or compound) transposons 

Antibiotic resistance genes flanked by whole ISs

Tn10 9 kb tet flanked by IS10 (1300 bp, 23 bp IRs) 

Tn9 2.5 kb cat  flanked by IS1 (768 bp, 23 bp IRs) 



Mobile genetic elements (5)

Pathogenicity islands 

large regions with different G+C composition from
most of the chromosome 

pathogen-specific (loss results in loss of virulence) 

often flanked by direct repeats (c.f. ISs and Tns)

often targeted to tRNA genes and/or IS elements



Bacterial genome sizes

• Smallest: Mycoplasma genitalium 580 kb (0.58 Mb)
Largest: Myxococcus xanthus 9200 kb (9.2 Mb)
Median: ~2000 kb (2.0 Mb)

• Average gene size: 0.9-1.0 kb

• ~90% of genome encodes protein and stable RNA

• The larger the bacterial genome,
the more genes the genome contains

• Bacterial gene number reflects bacterial lifestyle:
small genomes = obligate parasites
large genomes = metabolically flexible and/or development



Bacterial chromosome numbers

• Most bacteria contain a single chromosome 
(± extrachromosomal elements)

• Some bacteria have been found also to contain 2-3 replicons which can be 
considered either megaplasmids or minichromosomes
(e.g., 3.0 Mb and 0.9 Mb replicons in Rhodobacter sphaeroides)

• A few bacterial genera contain >1 chromosome
(e.g., 2.1 Mb and 1.2 Mb chromosomes in Brucella)

• Some bacteria harbour large replicons essential for survival in a specific 
ecological niche but not under laboratory conditions
(e.g., 1.4 Mb and 1.7 Mb replicons in Rhizobium meliloti are required for

plant symbiosis



Gene order & orientation
• Gene order in bacteria is NOT constant over evolutionary time, even among 

bacteria within the same phylum

• No obvious rationale for gene order although genes near the replication origin 
may be present at increased numbers

• Gene orientation is often more regular: replication and transcription often 
proceed in the same direction

• The order of genes within operons is commonly conserved:

Bacillus subtilis

Escherichia coli

Methanobacterium sp.

trpE      trpD trpC trpF  trpB    trpA

trpE         trpD       trpC      trpB    trpA

trpE   trpG trpC trpF  trpB   trpA   trpD



The role of accessory elements
in chromosome dynamics

• Most bacterial genomes typically contain many integrated 
accessory elements: transposons, plasmids, prophage, and 
pathogenicity islands among others

• Are usually recognizable by their sequence but not always

• Contribute to the variability in genome structures between
even closely-related species

• May be functional or nonfunctional

• May be valuable or selfish or both

• B. subtilis does not have transposable elements!



Summary
• A number of bacterial genomes have been sequenced; even more are in progress

• Both sequencing and physical analyses give valuable information about genome 
structure and organization

• Bacterial genomes vary in size; more DNA = more genes

• Chromosomes are mainly circular, but may be linear

• Some bacteria contain >1 chromosome, or >1 copy of an individual chromosome

• Most of the genome is composed of coding sequences

• Gene order is not constant

• Operons are conserved

• Genome structure may be conserved over long evolutionary periods or may 
undergo rearrangement

• Accessory elements contribute to macromolecular rearrangements



Genome Size (prokaryotes)

• Bacterial genome: 6×105~more than 107

Smallest known: Mycoplasma genitalium (470 protein coding genes, 3 
rRNA genes, 33 tRNA genes)

• Prokaryotes genome sizes are roughly proportional to gene 
numbers.

• Processes affect bacterial genome size: 
Gene duplication, small-scale deletions and insertions, transpositions, 
horizontal transfer, loss of genes in parasitic lines, etc.



Microbial Genome Sequencing Projects
Year Group Species Strain Genome Size (Mb)
1995eubacteria Haemophilus influenzae Rd KW20 1.83

1995eubacteria Mycoplasma genitalium G37 0.58

1996archaea Methanococcus jannaschii DSM2661 1.66

1996eubacteria Synechocystis sp. PCC6803 3.57

1996eubacteria Mycoplasma pneumoniae M129 0.81

1996eucaryote Saccharomyces cerevisiae S288C 13.00

1997eubacteria Escherichia coli K12 4.60

1997eubacteria Helicobacter pylori 26695 1.66

1997eubacteria Bacillus subtilis 168 4.20

1997eubacteria Borrelia burgdorferi B31 1.44

1997archaea Methanobacterium thermoautotrophicum delta H 1.75

1997archaea Archaeoglobus fulgidus DSM4304 2.18

1998eubacteria Aquifex VF5 1.50

1998eubacteria Mycobacterium tuberculosis H37Rv 4.40

1998eubacteria Treponema pallidum Nichols 1.14

1998eubacteria Chlamydia trachomatis serovar D 1.05

1998eubacteria Rickettsia prowazekii Madrid E 1.10

1998archaea Pyrococcus horikoshii OT3 1.80

1999eubacteria Helicobacter pylori J99 1.64

1999eubacteria Chlamydia pneumoniae CWL029 1.23

1999eubacteria Thermotoga maritima MSB8 1.80

1999eubacteria Lactococcus lactis IL1403 2.36

1999eubacteria Deinococcus radiodurans R1 3.28

1999archaea Aeropyrum pernix K12 1.67

1999archaea Pyrococcus abyssiGE5 1.76

2000eubacteria Ureaplasma urealyticum serovar 3 0.75

2000eubacteria Campylobacter jejuni NCTC11168 1.64

2000eubacteria Chlamydia pneumoniae AR39 1.23

2000eubacteria Chlamydia trachomatis MoPn 1.07

2000eubacteria Neisseria meningitidis MC58 2.27

2000eubacteria Neisseria meningitidis Z2491 2.18

Complete

In progress

- 16 archaea
- 87 bacteria
- 15 eucaryotes

- 23 archaea
- 329 eubacteria
- 236 eucaryotes



29 bacterial genome sequences finished in 2001



Cracking the code of microbes
1995: First complete genome sequence for a free living organism (Haemophilus influenzae) –

cited more than 2,100 times!
2002: ~ 50 bacterial genomes completed

• 10 archaea (red squares) & 34 bacteria (blue squares).
• Obligate bacterial parasites are denoted by triangles.

Doolittle, R. Nature 416:697-700, 2002



Partial List of Completely Sequenced Genomes





“Good” bacteria
- Make yogurt, cheese, sourdough bread 

- Actinomycetes: Produce antibiotics (bacteria as factories)

- Plant growth promoting bacteria

- Break down dead matter

- Break down chemicals - bioremediation

- Food for many organisms

- “Good” bacteria in our bodies (trillions!)



Bacteria commonly found on the surfaces of the human body

http://www.bact.wisc.edu/Bact303/Bact303normalflora





Advantages of using microbial genomes 

Procaryotic genomes are much smaller 
than eucaryotic ones
No introns
Little non-coding region between genes
Most genes & gene functions known
Comparative genomics can be done 
with many very similar genomes
Large numbers of sequenced microbial
genomes available



Minimal Genome Size –
Experimental approach

• Itaya, M., FEBS Letters 362(3):257-260, 1995:

Knock-out 79 randomly selected genes from Bacillus subtilis:
Only 6 lethal, 73 are dispensable 7.5% (6/79) of genome 
indispensable. 

B.subtilis genome: 4.2×106bp × 7.5% = 3.2×105bp 
Average gene size is 1.25Kb, so the minimal genome size ≈ 254 
genes.



Minimal Genome Size –
Analytic approach

• Mushegian and Koonin, Trends in 
Genetics 12(9):334-336, 1996:

By comparison of complete bacterial genomes:

E. coli

H.influenzae M.genitalium

1,146

1,129

889 18

10

239

1

[Overlapping orthologous genes (239)] + [non-orthologous gene displacement] –
[genes specific to parasitic bacteria or of functional redundancy] = 256 genes 

Orthologs among E. coli, H. influenzae, & M. genitalium genes







Minimum genome size

• How many genes are needed to carry out minimal 
cell functions for life?

• Some clues from bacteria:
– M. genitalium 467 ORFs
– M. pneumoniae has 677 ORFs

• 250 -350 genes estimated minimum

Mycoplasma mutated 
265-350 genes are essential



Bacterial proteomes

• M. genitalium with 480 genes has the simplest 
known genome

• 33% of its genome is expressed during optimal 
growth conditions

• Remaining proteins are likely expressed during 
other conditions, in undetectable amounts, or not 
isolated



Horizontal gene transfer
• before microbial genome sequences became available most of the 

focus of microbial evolution was on ‘vertical’ transmission of 
genetic information – mutation recombination and rearrangement 
within the clonal lineage of a single microbial population

• genome sequences have demonstrated that horizontal transfer of 
genes (between different types of organisms) are widespread and 
may occur between phylogentically diverse organisms

• generally speaking, essential genes (such as 16S rRNA) are 
unlikely to be transferred because the potential host most likely 
already contains genes of this type that have co-evolved with the 
rest of its cellular machinery and and cannot be displaced

• genes encoding non-essential cellular processes of potential benefit 
to other organisms are far more likely to be transferred (e.g. those 
involved in catabolic processes)



Scope of Horizontal Gene Transfer (HGT) 
in bacteria

Length of bars represent amount of coding DNA, native is blue, 
Foreign due to mobile elements is yellow, other is red. Numbers 
are the % of foreign DNA

Ochman, M., et al. Nature 405:299-304, 2000



Species and strain specific genetic diversity
• although genome sequencing and analysis is very useful when 

comparing phylogenetically distant taxa, it is also of interest to 
examine the genomes of very closely related microorganisms.

• this allows a more quantitative approach for examining the 
relationships between genotype and phenotype.

• complete genome sequences have been determined for two species 
of the genus Chlamydia (pneumoniae and trachomatis).

• although the overall genome structure was quite similar, C. 
pneumoniae contained an additional 214 genes most of which have 
an unknown function.

• two strains of the bacterium Helicobacter pylori have been 
completely sequenced (26695 and J99).

• overall the two strains were very similar genetically with only 6% 
of genes being specific to each strain.



Case study - Deinococcus radiodurans

discovered in 1956 by Arthur W. Anderson (during experiments
in which packaged food was sterilized using radiation instead of
heat) at Oregon Agricultural Experiment Station in Corvallis, USA. 
a non-pathogenic, gram-(+), mesophilic, non-spore-forming, non-motile, 
spherical bacterium (tetrad-forming coccus produces pink to reddish 
colonies).
shows remarkable resistance to a range of damage caused by ionizing 
radiation, desiccation, UV radiation, oxidizing agents, & electrophilic 
mutagens. 
can endure 1.5 million rads of radiation (i.e., it can withstand radiation
3,000 times what it would take to kill a human). 



Deinococcus radiodurans –
the most radiation-resistant organism known

• genome (total of 3.3 Mb) consists of two chromosomes 
(2.6 and 0.4 Mb) a megaplasmid (177 kb) and a small 
plasmid (44 kb).

• considerable genetic redundancy was observed in both 
the chromosomal and plasmid sequences.

• numerous  systems for DNA repair, DNA damage export 
were identified.

• highly efficient DNA repair system: can rapidly repair 
DNA double strand breaks induced by radiation without 
rearrangement or increased mutation frequency.

• a significant proportion of the ORFs identified had no 
database matches - these may be involved in unique 
cellular adaptations to radiation and stress response.





Unusual Characteristics of the Cell Wall







http://www.pnl.gov/er_news/08_98/beaker.htm









Case study - Neisseria meningitits
(Nature 404:502-506, 2000)

• N. meningititis causes bacterial meningitis and is therefore an 
important pathogen

• genome is 2.2 megabases in size
• 2121 ORF’s were identified with many having extremely variable 

G+C% (recently acquired genes)
• many of these recently acquired genes are identified as cell surface 

proteins
• there is a remarkable abundance and diversity of repetitive DNA 

sequences
• nearly 700 neisserial intergenic mosaic elements (NIME’s) - 50 to 

150 bp repeat elements
• these repeat elements may be involved in enhancing recombinase

specific horizontal gene transfer



Case study - Borellia burgdorferi
(Nature 390:580-586, 1997)

• B. burgdorferi is a spirochaete which causes Lyme disease
• it has a 0.91 Mb linear genome and at least 17 linear and circular 

plasmids which total 0.53 Mb
• 853 predicted ORF’s identified - these encode a basic set of 

proteins for DNA replication, transcription, translation and energy 
metabolism

• no genes encoding proteins involved in cellular biosynthetic 
reactions were identified - appears to have evolved via gene loss 
from a more metabolically competent precursor

• there is significant amount of genetic redundancy in the plasmid
sequences although a biological role has not been determined

• it is possible the these plasmids undergo frequent homologous 
recombination in order to generate antigenic variation in surface 
proteins



GC skew Analysis
• Biological Background:

- Bacterial genomes and some other types of chromosomes exhibit a regional 
GC skew (strand-specific bias in G:C ratio) related to the direction of 
replication. In E. coli, the skew (calculated as (G-C)/(G+C)) changes sign 
at the origin and terminus of replication. Differential mutation in the 
leading and lagging strand of replication has been proposed as a 
mechanism which could explain this phenomenon.

the putative origin of replication

(Nature 390:580-586, 1997)



The genomics revolution
• Genome sequences allow the following questions to be asked:

– What are the minimal requirements for a “living” organism?
– How has evolution streamlined microbial genomes?
– How are microbes related to each other?
– What are the genomic differences between:

• obligate parasites and free-living organisms?
• Phototrophic and chemotrophic organisms?
• Organotrophic and lithotrophic organisms?
• Mesophiles and Thermophiles?
• Pathogenic and non-pathogenic strains?



Applications of microbial genome data
• Pathogen identification in tissue sample
• Virulence gene targets used for diagnosis & prognosis
• Antibiotic resistance genes for determining best 

treatment
• Identification of genes required for pathogenesis will 

allow targeted drug/vaccine development
• Determination of gene function in “simple” organisms 

will help understand function of genes in eukaryotes.
• Discover enzymes which might have industrial 

applications.
Develop better “factories” for producing drugs, 
chemicals & foods, & for biodegradation, 
bioremediation

• Identify new bacteria & new disease-causing agents



Archaea genomes
Methanococcus jannaschii

The first archaeon sequenced
(Science 273:580-586, 1996)

• Methanococcus jannaschii lives in ocean 
thermal vents at 85° C

• Circular DNA 1.7 Mb with 1738 protein-
encoding genes

• Contains 1 large and 2 small chromosomes
• 58% of its genes do not resemble any 

known gene  



Genomic insights
• Prevalence of gene clusters and gene islands (genomic islands). 

Horizontal gene transfer between microbes, mediated by phage or 
phage-like elements, appears to be common.

• Closely related bacteria can have significant differences in 
genome content and structure.

• Intracellular bacterial genomes have reduced genome size.
e.g., Buchnera

– endosymbiont of aphids 
– 50 million years of genetic isolation 
– only observe gene loss

e.g., Rickettsia – 25 % non coding (vs. 10% for most other 
bacteria) – evidence of decay

e.g., Mycobacterium leprae – massive decay



Rickettsia prowazekii genome
(Nature 396:133-143, 1998)

• The length of complete genome sequence  is 1,111,523 bp.
This genome contains 834 protein-coding genes.

• Pseudogenes: about 25% of non-coding sequences 
•   gene remnants that have been degraded by mutations
•   ‘Reductive evolution’

• Many amino acid and nucleoside biosynthesis genes are 
absent from R. prowazekii and mitochondria.

• More closely related to mitochondrial genomes than any 
other bacteria

• Rickettsia and mitochondria probably share an 
proteobacterial ancestor and a similar evolutionary history.



The sequencing of E. coli genome

• The genome of the non-pathogenic K-12 laboratory strain E. coli
MG1655 was completely sequenced by Blattner et al. (Science 
277:1453-1462, 1997)

• The genome sequence of enterohaemorrhagic strain E. coli
EDL933 (a reference strain for O157:H7) has been completed 
by Perna et al. (Nature 409:529-533, 2001).



E. coli O157:H7

• E. coli O157:H7is a rare but virulent strain of E. coli, which lives in 
the intestinal tracts of mammals and man and causes serious and 
potentially fatal diseases.

• O157 can survive refrigeration and freezer storage. The major food 
sources carrying this organism are undercooked hamburger and roast 
beef, raw milk, improperly processed cider.

• Since 1982, there have been at least 16 major outbreaks in the US.
Some 22 deaths have been recorded. CDC experts estimate there
may be as many as 20,000 cases per year.



What makes E. coli O157:H7 so dangerous?

The pathogenicity (ability to cause damage) and virulence 
(degree of pathogenicity) of O157:H7 depend on: 

1. The genes encoding the so-called Shiga toxin, such as stx1 and 
stx2;

2. The small, circular DNA molecules that encode “virulence 
factors”;

3. Pathogenicity island — a section of chromosomal DNA 
containing many genes that contribute to pathogenicity.



Summary

• Pathogenic E. coli O157:H7 shares the common ancestor with non-
pathogenic E. coli strain based on  the genome-scale comparative 
analysis.

• Lateral gene transfer contribute much more than previously 
expected to the strain-specific pathogenesis in E coli O157: H7.

• Preferential transversions (G↔T) may be attributed to the 
transcription-coupled repair of damage associated with oxidative 
stress.



Typical characteristics of fungal genomes

• Small
– Saccharomyces cerevisiae 6 MB (5651 genes)
– Schizosaccharomyces pombe 13.8 MB (4824 genes)
– Aspergillus nidulans ~13 MB (~12000 genes)

– Dosophila melanogaster 137MB (~15000 genes)
– Arabidopsis thaliana 126MB (~15000 genes)
– Homo sapiens 1300 MB (~ 30000 genes)

Compared to:



Typical characteristics of fungal genomes

• Introns
– few, often none (43% of S. pombe genes, total 4730)
– small: 50-200bp compared to ≥10 kb in mammals
– S. pombe mean 81bp, mold 48bp; range 29-819 bp



Typical characteristics of fungal genomes

• Little repetitive DNA – single copy genes 
– 50-60% of nuclear genome is transcribed into mRNA 

in S. cerevisiae
– 33% in Schizopyyllum commune (a basidiomycete

fungus), Bremia lactucae (oomycete)

– 1% transcribed in humans
Compared to:











The genome of Neurospora crassa
holds a total of about 43 Mb distributed on 7 chromosomes
(the genome is not yet completely sequenced). The estimation
of protein coding genes is about 13,000.

GC content:
--- Protein coding regions—59%
--- Noncoding regions—49%

Biased codon usage
--- Strong preference for C at the 3rd position. Codons ending in A are 
generally used rarely. Of the stop codons TAA is the most frequent one.

Stephanie Edelmann, SE & Staben, C. Exp. Mycol. 18:70-81 (1994)
Schulte, U., et al. J. Biotechnology 94:3-13 (2002)



The genome of Neurospora crassa
Introns
--- Over 80% of N. crassa protein coding genes    

have introns ranging from 21 to 859 bp.
The mean intron size is 101 bp.

--- Patterns for the intron splice sites, and translation   
initiation sites

-- initiation: CAMMATGGCT(ATG)
-- 5’ intron donor: G^GTAAGTnnYCnYY(GTRNGT)
-- internal branch point:  

WRCTRACMnnnnnnYY(CTRAC)
-- 3’ intron acceptor: WACAG^(YAG)

Stephanie Edelmann, SE & Staben, C. Exp. Mycol. 18:70-81 (1994)
Schulte, U., et al. J. Biotechnology 94:3-13 (2002)
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