
Genetik und Gentechnik IH.Schwab

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 Aneuploidie

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

Effects:  mostly pleiotropic or loss of function
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Frameshift Mutations
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Mutations  by Replication errors
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Spontaneous Mutations
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Radiation mutagenesis

X-ray: Chromosome breaks
Rearrangements

UV
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Simple Chemicals:
Bisulfit
Salpetrige Säure
Hydroxylamin

Chemical Mutagenesis

Desaminations C

Base Analogs Shift of 
tautomeric equilibrium
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Base analogs
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Alkylating agents

Intercalating agents



Genetik und Gentechnik IH.Schwab



Genetik und Gentechnik IH.Schwab

DNA-Repair
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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
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Mismatch Repair

Methylation status defines
mutated strand
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Mismatch Repair
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Nucleotide Excision Repair
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Removal of  non-natural (modified) bases by glycosylases
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Post-replication repair



Genetik und Gentechnik IH.Schwab



Genetik und Gentechnik IH.Schwab Ames Test



Genetik und Gentechnik IH.Schwab



Genetik und Gentechnik IH.Schwab



Genetik und Gentechnik IH.Schwab Genetische Rekombination

Gameten

Meiose

Zellfusion

Zygote

Kernfusion

Meiose
Gameten

Heterokaryon
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Mutation Recombination
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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
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Gene transfer 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



Genetik und Gentechnik IH.Schwab

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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Conjugative DNA Transfer
Rolling Circle Replication
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Integration of entire F-Plasmid at IS elements (Site specific recombination)
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Interupted Transfer:  
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Excision of F-Plasmid from Hfr Genomes :
Formation of Plasmids containing chromosomal fragments  F‘
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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



Genetik und Gentechnik IH.Schwab

16.12.14


