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Bacterial genetics. 
Historical facts.

Gregor Mendel, 
The Father of 
modern genetics



Bacterial genetics. 
Historical facts.

 In 1910   establishes 
the chromosomal 
theory of heredity. 

 1933- Nobel prize in 
Physiology or Medicine



Bacterial genetics. 
Historical facts

 Louis Pasteur 
introduced live 
vaccines and prove 
that bacteria have 
heredity.

 Fred Griffith, 1928, 
experimented on 
S. pneumoniae
virulence.





Bacterial genetics - historical facts



Avery–MacLeod–McCarty`s 
experiment



 1944 – MacLeod, McCarty and Avery found 
that DNA carry genetic information

 They isolated DNA and concluded that 
GENES of a capsule in Griffith`s experiment 
are situated in DNA.

 So starts the ERA of GENETICS of bacteria, 
phages, viruses and other genetic models 

Microbes are preferable to eukaryotes as a 
genetic model: 
 easily cultivated in artificial media
 short generation time
 haploid chromosome



Genetic information in microbes

Genetic info in bacteria, plasmids and 
many viruses is in DNA, but some viruses 
use RNA.

Replication of genome is essential for 
inheritance of genetically determined 
traits.

Gene expression usually involves 
transcription of DNA into messenger RNA 
and translation of mRNA into protein.



Nucleic acid composition, 
structure and function

 Nucleic acids (NA) are large 
polymers of repeating nucleotide 
units.

 Each nucleotide contains 1 
phosphate group, 1 pentose or 
deoxy pentose sugar, and 1 purine 
or pyrimidine base.

 In DNA the purine(large) bases are 
G and T, and the pyrimidine(small) 
bases – A and C. 

 In RNA, U replaces T.  



Nucleic acids structure



Nucleic acids structure
 . 



Nucleic acids structure



Nucleic acids structure



DNA replication



DNA replication



DNA replication

 The origin regions specifically and 
transiently associate with the cell 
membrane after DNA replication has been 
initiated, leading to a model whereby 
membrane attachment directs separation 
of daughter chromosomes (replicon 
model).



Gene expression
 Genetic info encoded 

in DNA is expressed 
by synthesis of 
specific RNAs and 
proteins, and 
information flows 
from 

DNA  RNA  Protein. 

 The DNA-directed 
synthesis of RNA is 
called transcription.



Gene expression

 The process by which 
the nucleotide 
sequence of an 
mRNA determines the 
primary amino acid 
sequence of a protein 
is called translation. 



Gene expression

 The genetic code determines how the 
nucleotides in mRNA specify the amino 
acids in a polypeptide. 

 Because there are only 4 different 
nucleotides in mRNA (containing U,A,C and 
G), single nucleotides do not contain enough 
info to specify uniquely all 20 of the amino 
acids. 

 In dinucleotides 16 (4x4) arrangements of 4 
nucleotides are possible, in trinucleotides -
64 (4x4x4) possibilities are possible..



Gene expression

 The “universal” genetic 
code employed by most 
organisms is triplet code in 
which 61 of 64 possible 
trinucleotides (codons) 
encode specific amino 
acids, and any of the three 
remaining codons 
(UAG,UAA,UGA) results in 
termination of translation.



Gene expression
 The genetic code 

is described as 
degenerate, 
because several 
codons may be 
used for a single 
amino acid, and as 
no overlapping, 
because adjacent 
codons do not 
share any common 
nucleotides. 



Gene expression

 Expression of genetic determinants in 
bacteria involves the unidirectional flow of 
information from DNARNAProtein. 

 In bacteriophages, either DNA or RNA can 
serve as a genetic material. 

During infection of bacteria by RNA 
bacteriophages, RNA molecules serve as 
a templates for RNA replication and as 
mRNA.



Gene expression



Genome organization
Genetic apparatus in 
bacteria: 
 Genome = chromosome

+ extrachromosomal 
genetic elements 
(plasmids & phages, 
transposons)

 They act as replicons =
have genes that codes 
independent replication



Genome organization
Bacterial chromosome
 Structure: an essential 

organelle with important 
functions

 On TEM it looks like 
fibril mass clearly 
defined from cytoplasm 

 Most investigated 
model of chromosome 
is E. coli



Genome organization
Map of E. coli chromosome



Genome organization



Genome organization
 Most bacterial chromosomes have 1500-6000 genes
 1 gene = 1000 pairs = 1 kb



Genome organization
RNA: 
 transcribes and translates DNA-bound genetic 

instructions for protein synthesis
 is single-stranded
 substitutes U for the T base used by DNA
 is found in three types:

1. messenger RNA (mRNA)
2. ribosomal RNA (rRNA)
3. transfer RNA (tRNA)

Genes:
 A chain of nucleotides whose transcript is read 

without interruption and result is polypeptide 
chain



Genome organization
Genetic exchange

Bacteriophage
=viruses of 
bacteria are:

A. Lytic phage-
always lyse (kill) 
host bacterial cell
B. Temperate 
phage - infect and 
coexist within 
bacterial cell



Lytic phage - Lytic cycle



Temperate phage - Lysogenic 
cycle



Lysogenic conversion

 In some interactions between lysogenic 
phages and bacteria, lysogenic conversion 
may occur, which can also be called 
phage conversion.

 Important role in the spread of virulence
factors, such as exotoxins and 
exoenzymes

 Bacterial survival - biofilm formation in 
Bacillus anthracis



The biofilm of B. anthracis



Lysogenic cycle in bacteria
1. Corynebacterium diphtheriae -toxin of 

diphtheria only when it is infected by the 
phage β

2. Vibrio cholerae - phage CTXφ.
3. Shigella dysenteriae – has toxin groups Stx1 

and Stx2 - lambdoid prophages.
4. Streptococcus pyogenes – a pyrogenic 

exotoxin  Scarlet Fever.
5. Certain strains of Clostridium botulinum -

botulism, express botulinum toxin from 
phage-transduced genes.



Bacterial genetics 

 Phage typing - applied to staphylococci, 
Salmonella for epidemiological purposes.



Phage therapy
Bacteriophage preparations were safe and effective for 
treatment of Pseudomonas aeruginosa in:
 chronic ear infections in humans 
 Infected burns and wounds 
 cystic fibrosis associated lung infections. 

Bacteriophage researchers are developing engineered 
viruses to overcome:
 antibiotic resistance
 enzymes which degrade the biofilm matrix
 enzymes responsible for lysis of bacterial cell wall.



Mutations
All changes in the molecule of DNA that change genetic text.



Mutations

What are the reasons for mutations?
 Spontaneous: without outwardly reason, 

perhaps intra-molecule processes in DNA
 Inducible:

• after physical (UV-rays, ionizing irradiation) 
• chemical (deaminating agents, alkylating agents, 

base analogs, acridine derivatives) 
• Biological (viruses, bacteria).

Most of mutagenic factor possess carcinogenic 
potential!



Mutations
 The smallest unit capable to mutate is muton = 1 mononucleotide 

pair



Mutation types

 Transaction : ATGC
 Transversion : AT TA
Reverse mutation = point mutation with 

returning of initial genotype
 Intra-genes mutations
 Suppressor mutation, e.g. insertion(+)

restores deletion(-)
 Lethal mutation – incompatible with

bacterial life



Mutations
Types of mutations:
 In spontaneous and inducible mutation are 

changes in genetic text that lead to amplification 
or decreasing of physiological function

For example: losing ability to produce amino 
acid (auxotroph mutants) or adopting resistance to 
certain antibiotic
 Orientated mutations=in vitro mutagenesis= 

synthetic oligonucleotides are included in 
bacterial chromosome



Bacterial genetics

Application of mutations:
 Vaccines – mutation of microbes with 

decreased pathogenicity and intact 
immunogenicity (BGC for tuberculosis)

 Producers of antibiotics, amino acids, 
vitamins, enzymes are mutants

 Widespread tests for detection of mutagenic 
effect of drugs, pesticides, foods are bacterial 
screen system tests 



Mutations
Practical use:
• A specific 32 base pair deletion in human CCR5

(CCR5-Δ32) confers HIV resistance to homozygotes 
and delays AIDS onset in heterozygotes. 

• Why  CCR5 mutation is so popular in European 
population?

• One theory for the etiology of high frequency of CCR5-
Δ32 in the European population is that it conferred 
resistance to the bubonic plague in mid -14th century 
Europe. 

• People with mutation survive infection; thus, its 
frequency in the population increased. 

• this mutation is not found in Africa where the bubonic 
plague never reach AIDS.



Mutations
Importance for:

 Moving antibiotic resistance genes among 
bacteria

 Moving virulence genes among bacteria

 Changing the antigenic make-up to avoid 
immunity



Genetic exgange
 Horizontal gene transfer may occur via three 

main mechanisms: transformation, 
transduction or conjugation. 

 Conjugation =transfer of genetic material 
between bacterial cells by direct contact or by 
a bridge-like connection between two cells. 

 Transduction = transfer of DNA from one 
bacterium into another via bacteriophages.

 Transformation involves uptake of short 
fragments of naked DNA by naturally 
transformable bacteria. 



Conjugation

Conjugation = a direct transfer of 
genetic info from  one cell to another 
 A kind of sexual process, one way 

process

 Bacteria containing a conjugative 
plasmid are Donor, Male, (F+)

 Bacteria receiving the plasmid are 
Recipient, Female, (F-)





Conjugation

1. Conjugation transfer of bacterial 
chromosomes uses for their gene carting 
via method of interrupted conjugation.

2. A periodically interruption of conjugation 
and trace of a new phenotype features

3. So is obvious exactly at what minute is 
transferred each gene.

4. The chromosomal cards are constructed



Transduction
 The process by which foreign DNA is introduced into a cell by a virus or viral 

vector, e.g. viral transfer of DNA from one bacterium to another = horizontal gene 
transfer (temperate phages)



Transformation

 Genetic transfer of chromosomal, plasmid or 
recombinant DNA from Donor to Recipient

 Transfer of phage DNA is transfection
 Transformation in vivo (Streptococcus, 

Neisseria, P. aeruginosa, B. subtilis)
and in vitro: (E. coli, Staphylococcus)

The most important mechanism for genetic 
transport for S. pneumoniae, N. gonorrhoeae, H. 
influenzae. 



Transformation

Competence = physiological state 
of recipient cell, capable to join 
donor DNA
 Connected with cell cycle, different 

at different stages of life
• S. pneumoniae is competent at mid 

exponential phase .
• H. influenzae – not related with life 

stage, but from degree of pili-forming.



Trasformation
.



Plasmids
 A small DNA molecule within a cell that is 

physically separated from chromosomal DNA and 
can replicate independently.

 Are small circular, double-stranded DNA 
molecules in bacteria.

 Pl are considered replicons = units of DNA 
capable of replicating autonomously within a 
suitable host.

 Like viruses, are not generally classified as life.
 Transmitted from one bacterium to another mainly 

through conjugation.



Bacterial plasmid enoded functions

1. Fertility
2. Resistance to: 

- antibiotics
- irradiation
- phages

3. Production of : 
- exotoxins
- enterotoxins
- bacteriocins
- proteases

4. Metabolism of :
- various sugars
- hydrocarbons



Genetic exchange-Other mobile elements

Insertion Sequences (IS) and Transposons (Tn)

 Are part of other genetic elements –
chromosome or plasmid

 They move from one site in DNA to another 
WITHIN the same cell (transposition)

 Gene encoding transposition enzyme 
(transposase) flanked by inverted repeats of 
DNA sequence



Bacterial genetics 
Transposons

Examples of Antibiotic Resistance 
 Tn 1 Ampicillin 
 Tn 5 Kanamycin 
 Tn 6 Trimethoprim 
 Tn 9 Chloramphenicol 
 Tn10 Tetracyclin 
 Tn 551 Erythromycin 



Phase variation and Antigenic variation

1.  Phase variation
a.  change in DNA sequence leading to an 

ON-OFF switch of one gene or A-B switch of two 
different genes

b.  caused by inversion of a DNA sequence

2.  Antigenic variation
a.  change in DNA sequence  switch of 

expression among multiple genes
b.  most common mechanism is the cassette 

model



PCR
 The polymerase chain reaction (PCR) is molecular 

photocopying = a fast and inexpensive technique used to 
"amplify" small segments of DNA.

 https://www.youtube.com/watch?v=iQsu3Kz9NYo



Denaturation



Annealing of primers



Elongation



Genetic engineering 
 Molecular cloning or DNA recombinant technology



Bacterial genetics

Hormones: synthetic human insulin, 
somatotropin

 the manufacture of erythropoietin from 
hamster ovary cells

 Enzymes: urokinase
 the Hepatitis B-vaccine
 Interferons, interleukins
 Amino acids, antibiotics, enzyme inhibitors




