
1

Mutations

Intragenic (gene) mutations
Base substitutions

Transversions Pu Py
Transitions Pu Pu or Py Py

Insertions (small) 
Deletions (small) 
Effects:  Change or loss of function of single genes, 
Mutation types: silent, missense, nonsense, frameshift

Intergenic (chromosome) mutations
Deletions Insertions Inversions
Translocations Amplifications
Effects:: Change or loss of function of larger units

Ploidy mutations
Euploidy Aneuploidy

Haploidy Hypoploidy (e.g. Monosomy)
Polyploidy Hyperploidy (e.g. Trisomy

Effects:  mostly pleiotropic or loss of function

CHE.167 Genetics



2 Wild type

Neutral 
mutations

Missense
mutations

Nonsense
mutations

Nucleotide exchange causing mutations. Note: Mutations are very rare. An independent exchange of
two closely adjacent nucleotides is highly unlikely, almost excluded.  

Rolf Knippers, Molekulare Genetik, Thieme
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Two kinds of nucleotide exchanges: 
transitions and transversions

AP sites and the „A-rule“: preferred incorporation
of adenine nucleotides across from an empty site
in the template strand

Transitions

Transversions

Rolf Knippers, Molekulare Genetik, Thieme

CHE.167 Genetics
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Frameshift Mutations

Wild type

Addition 
of an AT 
pair

Deletion
of an AT 
pair

Deletion
of an AT 
pair and
addition
of a GC 
pair

Frameshift Mutations. Underlined sequences represent the correct reading frame.

Rolf Knippers, Molekulare Genetik, Thieme

CHE.167 Genetics



5 Mutations by Replication errors

Standard 
base pairs

Some wobble  
base pairs

G(anti)-A(syn)-
base pairs

Unusual base pairs as
reason for false
incorporations at the
replication fork

Rolf Knippers, Molekulare Genetik, Thieme

CHE.167 Genetics
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CHE.167 Genetics

Spontaneous hydrolytic decomposition
reactions: depurination and deamination

Depurination

Deamination

Luria-Delbrück experiment: mutations occur
undirectedly

Rolf Knippers, Molekulare Genetik, Thieme

Fluctuation test



7 Spontaneous Mutations

- Cultivation for same number of generations

- Plate on medium and spray with phage

- Count phage resistant colonies

E.coli – Mutation to Phage resistance

Question: is mutation occurring 

spontaneously or only induced by 

contact with phage?

Separately 

grown culture

bulk 

grown culture

bulk 

grown culture

https://www.google.at/search?q=luria+delbrück+fluctuation+test&source=lnms&tbm

=isch&sa=X&ved=0ahU



8 Radiation mutagenesis

X-ray: Chromosome breaks
Rearrangements

CHE.167 Genetics

UV
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Chromosome breaks in irradiated cells

DNA damages caused by ionizing radiation. a (at 
the double helix) cross links by covalent linking of
opposite bases; double strand break; single strand
break; destruction or modification of DNA bases. b
Some examples for bases damaged by radiation.

Rolf Knippers, Molekulare Genetik, Thieme

High energy irradiations

- Roentgen

- Alpha, Gamma, (Beta)
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Simple Chemicals:
Bisulfite
Nitrous acid 
Hydroxylamine

Chemical Mutagenesis

Desaminations: example:  C  G

Rolf Knippers, Molekulare Genetik, Thieme

Mutations can be induced by chemical 

modification of a base.
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Base analogs

Base Analogs  Shift of 

tautomeric equilibrium

Chemical Mutagenesis
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Chemical Mutagenesis



13

Intercalating agents

Intercalation causes

Frameshift mutations

Chemical Mutagenesis
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Alkylated nucleotides in the DNA. Dots: putative 
attachment sites for methyl or ethyl groups; 
arrows: trigger of direct mutations (by false
pairings).

Mutagenic chemicals: Some alkylating compounds.

Rolf Knippers, Molekulare Genetik, Thieme

Alkylating agents Chemical Mutagenesis



15 DNA-Repair

Overview
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Photo-reactivation: 
Enzyme activated by light 340-400 nm
Direct restoration of original base pairing

Radiation Damage of DNA  UV
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Repair by alkyltransferases



18 Nucleotide Mismatch Repair

Methylation status defines

mutated strand



19 Nucleotide Mismatch Repair
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The MutS/MutL system initiates repair of 

mismatches produced by replication 

slippage.
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Excision Repair
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The Uvr system operates in stages in which UvrAB recognizes damage, UvrBC

nicks the DNA, and UvrD unwinds the marked region.
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Removal of  non-natural (modified) bases by glycosylases
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A glycosylase removes a 

base from DNA by cleaving 

the bond to the deoxyribose.

Removal of bases by glycosylases 

Preferential removal of bases in 

pairs that have oxidized guanine is 

designed to minimize mutations.
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Strand break, removal of 

nuceotides by exonuclease
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Post-replication repair

An E. coli retrieval system uses a 

normal strand of DNA to replace the 

gap left in a newly synthesized strand.
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The LexA protein represses many genes, including repair genes, 

recA and lexA.
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6.12.16
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Ames Test



30



31
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Genetic Recombination

Gametes

Meiosis

Cell fusion

Zygote

Nuclei fusion

Meiosis
Gametes

Heterokaryon



33 Mutation
Recombination
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38 Homologous Recombination in E.coli

RecBCD complex generates stand break at preferred

specific sites (chi).

RecA, supported by SSB 

binds to ssDNA and

is involved in initiation of

strand exchange
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RuvC: Nuclease cleaving

Holliday junction



40 Gene transfer - parasexual mechanisms

with Micro-organisms

Transformation

Uptake of free DNA from environment

Natural Competence – Induced Competence

Forced Transfer

Transduction

Bacteriophage mediated gene transfer

Conjugation

In vivo plasmid transfer

Direct cell-cell contact

Mitotic/Somatic Cell Fusion

Parasexual fusion

Induced Fusion



41 Transduction

Speciallized Transduction

Prototype: Phage Lambda 

Phage integrates into bacterial

genome at specific sites

Only sequences adjacent to the

integration site can be

transduced

Generalized Transduction

Prototype:  Phage P1 

Phage reproduces by autonomous

replication.

Random pieces of bacterial DNA 

(generated due to degardation of

bacterial genome at late stages of

phage infection)are incorporated upon 

phage assembly
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Phage Lambda Life Cycle
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Conjugation
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Bacterial Conjugation

Mating bacteria are initially 

connected when donor F-pili 

contact the recipient bacterium.

Source Lewin XI
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F- cells (female)

No F-plasmid present

F+ cells (male)

F-plasmid present

Hfr cells

F-plasmid is integrated into

Bacterial chromosome

Partners interacting at conjugation



50 Conjugative DNA Transfer

Rolling Circle Replication
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Transfer of chromosomal DNA 

occurs when an integrated F 

plasmid is nicked at oriT.

Rolling circle replication
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Integration of entire F-Plasmid at IS elements (Site specific recombination)

Scheme of integration of F-plasmid into bacterial (E.coli) 

chromosome
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Interupted Transfer:  
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57 Excision of F-Plasmid from Hfr Genomes :

Formation of Plasmids containing chromosomal fragments  F‘  ( F-prime)
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Formation of „partial diploids“ 
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Natural Transformation

Competence: 

Specific physiological conditions

Expression of DNA binding proteins

Transport: of DNA into cell:

specific active transport mechanisms

random events 

Integration of DNA into genomic DNA by

recombinantion 

or autonomous replication (plasmids)

Transformation

Uptake of DNA by cells
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Transformation

Forced DNA Transfer

mostly undefined mechanisms

Treatment of  cells with ions  (Ca++, Mg++, Li+, Rb+)

Generation of protoplasts & Fusogenic agents

Electroporation

Mechanical transfer  Gene gun
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Parasexual recombination in lower eukaryotes

Haploids

Cell Fusion of haploids

Heterokaryons

Diploids

Karyon Fusion

Mitotic Intramolecular Recombination

Segregation of chromosomes

Aneuploids


