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Genetic basis of variation: Griffiths (1928)

Pathogenic bacteria — Harmiess bacteria — Heat-killed Mixed harmiass and
S strain R strain pathogenic bacteria  heat-killed pathogenic bacteria
) = ™ \ ]
‘\ L) \\ n Oy ‘-‘ﬁ'
. LY N a
~ ¥ Y 3
B PO < P |
" .
» * *
= : - : (2o
L) LI
W . _*
== [ L
—— =

Colonles of pathogenic  Colonles of harmless  No colonbes Isolated  Colonies of harmiess
bacteria isolated lrom bacteria from mouse and pathogenic bacteria
dead mouss isolated from dead mouss

Organization of genetic material in bacteria: chromosomes

« 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 inRhizobium meliloti are required for plant symbiosis

Genetic basis of variation: Avery et.al (1944)

Organization of genetic material in bacteria: chromosomes
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Organization of genetic material in bacteria: chromosomes

Complete genomes of two clinical Staphylococcus
aureus strains: Evidence for the rapid evolution of
virulence and drug resistance
s P yp—
Metbabe Bnon -

T i s, Caton . Mwreh, Lo our’, ks . Ao B
5 Bty Ewt Tlivagmcsth Earcd Phais




Organization of genetic material in bacteria: plasmids
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Organization of genetic material in bacteria: plasmids

Examples of naturally-occuring plasmids and relevant features

Plasmid Host Plasmid size (kb) Relevant feature

pT181 Staphylococcus aureus a4 Tetracycline resistance

ColEL Escherichia coli 66 Colicin production and immunity
POKL2 Kluyveromyces lactis® 135 Killer plasmid

pAMBL Enterococcus faecalis 260 Erythromycin resistance

pSKal Staphylococeus aureus 6.4 Multidrug resistance

PBM4000. Bacillus megaterium 530 TRNA operon

pI2s8 Staphylococeus aureus 280 Metal ion resistance

pSLT Salmonella enterica subsp. typhimurium  93.9 Virulence determinants.

PMTL Yersinia pestis. 1010 Virulence determinants.

PADP-1 Pseudomonas sp 1088 Atrazine (herbicide) catabolism
pwwo Pseudomonas putida u7o0 Aromatic hydrocarbon degradation
pBtoxis Bacillus thuringiensis subsp. israelensis  137.0 Mosquito larval toxicity

pX01 Bacillus anthracis 1817 Exotoxin production

psoLL Clostridium acetobutylicum 1020 Solvent production

pSymB sinorhizobium meliloti 16833 Functions associated with plant symbiosis.

Organization of genetic material in bacteria: plasmids

« Extrachromosomal

« Circular or linear

« 2 kb to hundreds of kb in size

« Non-essential

« May carry ‘supplemental’ genetic information or may be cryptic
« Employ host functions for most of DNA metabolism

Chromosome

Plasmid
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Sources of genetic variation: point mutations
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Organization of genetic material in bacteria: plasmids
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Sources of genetic variation: point mutations

Point Mutations

+ Transitions G
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Sources of genetic variation: point mutations

Mutation phenotypes

+ Silent mutation (synonymous), no ¢
AGG > ABA . both codans specify Argini

* Mi mutation (r

change in amino acid

= Mensynenymeus missense (or radical
VUV (Phe) » UCU (Ser); Phe is hyd

Sources of genetic variation: DNA rearrangements
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Sources of genetic variation: DNA rearrangements
Insertion sequence (IS) elements:
1. Simplest type of transposable element found in bacterial chromosomes and plasmids.
2. Encode only genes for mobilization and insertion.
3. Range in size from 768 bp to 5 kb.

4. Is1 first identified in E. coli's glactose operon is 768 bp long and is present with 4-19 copies
in the E. coli chromosome.

5. Ends of all known IS elements show inverted terminal repeats (ITRs).

Insertion sequence, 157
A

Transposase gene

Sources of genetic variation: DNA rearrangements
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Sources of genetic variation: DNA rearrangements
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Sources of genetic variation: frequency of occurrence
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Transmission of genetic variation: Luria-Delbruck test
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Transmission of genetic variation: Luria-Delbruck test

1. Resistance by mutation is a physiclogical response

2. Re.sts‘rcrlce. by rnutuhclrl arises mndomiy in time
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Transmission of genetic variation: Luria-Delbruck test

1. Resistance by mutation is a physiological response
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2. Resistance by mutation arises randomly in time
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Results fit with expectations if random mutation occur at random.

Linear transmission of genetic variation

Horizontal transmission of genetic variation
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Transmission of genetic variation: mechanisms
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Transmission of genetic variation: mechanisms

Transmission of genetic variation: transformation

Gene transfer resulting from the uptake of DNA from a donor.
Factors affecting transformation
— DNA size and state
+ Sensitive to nucleases
— Competence of the recipient (Bacillus, Haemophilus, Neisseria,
Streptococcus)
+ Competence factor
* Induced competence

Transmission of genetic variation: antibiotic resistance

Fig. 1. Antibiotic resistance profiling of 480 soil-derived bacterial isolates

Transmission of genetic variation: transformation

Transmission of genetic variation: transformation
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Transmission of genetic variation: transformation
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Transmission of genetic variation: transduction

How did Zinder and Lederberg prove that the phenotype

was the result of transduction?

« presence of DNAase rules out transformation
« filter prevented contact so no conjugation

« reducing filter pore size to below size of phage inhibited

Transmission of genetic variation: transduction
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Transmission of genetic variation: transduction

Transmission of genetic variation: generalized transduction
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1. A lytic bacteriophage adsorbs to a susceptible
bacterium.

@\ . 2. The bacteriophage genome enters the
o

‘- O bacterium. The genome directs the

bacterium's metabolic machinery to
manufacture bacteriophage components and

: enzymes
=L &
. "3/ 3. Occasionally, a bacteriophage head or
7| capsid assembles around a fragment of

}ig i donor bacterium's nucleoid or around a
§ :

plasmid instead of a phage genome by
mistake.

Transmission of genetic variation: transduction

Transmission of genetic variation: generalized transduction

4. The bacteriophages are released.

5. The bacteriophage carrying the donor
bacterium's DNA adsorbs to a recipient
bacterium

Transmission of genetic variation: transduction

There are two types of transduction:

— generalized transduction: A DNA fragment is transferred from one bacterium
to another by a lytic bacteriophage that is now carrying donor bacterial DNA
due to an error in maturation during the lytic life cycle.

— specialized transduction: A DNA fragment is transferred from one bacterium
to another by a temperate bacteriophage that is now carrying donor bacterial
DNA due to an error in spontaneous induction during the lysogenic life cycle

Transmission of genetic variation: generalized transduction

6. The bacteriophage inserts the donor
i | bacterium's DNA it is carrying into the
recipient bacterium .

7. The donor bacterium's DNA is exchanged
oy for some of the recipient's DNA.
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Transmission of genetic variation: specialized transduction

1. A temperate bacteriophage adsorbs to

- a susceptible bacterium and injects its
genome .
b
i 2. The bacteriophage inserts its genome
R into the bacterium's nucleoid to become a
prophage.
_ .

Transmission of genetic variation: mechanisms
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Transmission of genetic variation: specialized transduction

3. O ionally during

Y
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4. As the bacteriophage replicates, the
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Transmission of genetic variation: conjugation
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Transmission of genetic variation: specialized transduction

5. The bacteriophage adsorbs to a
recipient bacterium and injects its
genome.

6. The bacteriophage genome carrying the
donor bacterial DNA inserts into the
recipient bacterium's nucleoid.

v Bactera [tit
oha i

ecapet e
e




