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Open circular form Covalently closed circles (ccc-form)

Bacterial Plasmids
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2 Bacterial plasmids

Replication, Maintenance

Conjugative

Transfer

Genes for specific

functions

Transposition,

Integration

Resistance

genes

Replication
- Origin of replication (oriV)

- Regulatory functions for replication (rep, trf)

 copy number

 Host range

 incompatibility

Maintenance
- Partitioning systems (par)

- Multimer resolution systems (mrs)

- Addiction systems (e.g. hok-sok)

 Stable maintenance of plasmids upon 

cell division

Conjugative transfer
- Complete Transfer regions (tra)

- Mobilization regons (mob, oriT, nic, bom)

 Autonomous In vivo transfer of plasmids

 In vivo transfer mediated by helper

functions
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Copy Number

Replication & its control

Stringent control:  low copy plasmids
F, R1, RP4/RK2  (1-6)

Relaxed Control: high copy number
ColE1, pBR322, pUC18

Incompatibility:
Replication / Control
Partitioning

Bacterial Plasmids
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Iteron Model
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Conjugative Transfer: Gram-negative: F, RP4/RK2, 
Gram-positive: pAMß1, SCP2*
Plants Ti

Bacteriocin-/ Microcin-Production

Antibiotic Resistance: ß-Lactam Antibiotics: ß-Lactamases
Chloramphenicol: Acetyltransferases
Aminoglycoside-Ab.: Phosphotransferases
Tetracyclins: Membrane transfer
Sulfonamides: Bypass
Trimethoprim

Heavy Metal Resistance: Mercury, Hg-organic compounds, 
Tellurium
Arsenic, Antimony, Cadmium,
Copper, Silver

Plasmids
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Degradative Plasmids: Aromatic, heterocyclic compounds
Carbohydrates (sucrose)
specific metabolites (Nopalin, Octopin) 

Specific metabolic pathways Nitrogen fixation
Hydrogen oxidation

Symbiosis factors Rhizobia

Medically relevant features Colonizing factors
Invasins
Toxins
Siderophores

Plasmids
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The genetic organization of the 2μm plasmid of S. cerevisiae: regional and point
centromeres (A) The double-stranded circular plasmid is shaped as a dumb-bell to denote
a long inverted repeat sequence that divides the genome into two unique regions. The
Rep1 and Rep2 proteins, together with the STB locus, constitute the plasmid partitioning
system. The Flp recombinase, along with the FRT sites, is responsible for plasmid copy
number maintenance. The Raf1 protein is a positive regulator of amplification. ORI
denotes the plasmid replication origin. The regulatory network, comprising the Rep1,
Rep2 and Raf1 proteins, that controls plasmid gene expression is indicated.

Biochemical Society Transactions Apr 01, 2013, 41 (2) 501-507; DOI: 10.1042/BST20120224 

CHE.167 Genetics
Plasmids in Eukaryotes - Yeast



9

CHE.167 Genetics



10

Taken from: B.Lewin, „Essential Genes“, Pearson Education International
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Transposable Elements - Insertion Sequences and Transposons

DNA – DNA Transposition

IS Elements

Simple Transposons

Composite Transposons

DNA – RNA – DNA Transposition

Retrotransposons

>>>>>>

RNA

LTR
Reverse transcriptase

>>>>>>

<<< >>>

<<<

<<< >>> <<< >>>

>>>

IR Transposase

additional genes

IS IS
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IS elements and

transposons can generate

new transposable

elements by integration at 

adjacent positions into a 

genome

<<< >>> <<< >>>



14 Target site duplication

Taken from: B.Lewin, „Essential Genes“, Pearson Education International
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Target site duplication 
caused by staggered cutting

Taken from: B.Lewin, „Essential Genes“, Pearson Education International
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Replicative Transposition Non-replicative Transposition

Recipient and donor contain Tn
Only recipient contains Tn,
Donor looses Tn

Taken from: B.Lewin, „Essential Genes“, Pearson Education International
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Deletion Inversion

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bsrtlett Learning
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Taken from: B.Lewin, „Essential Genes“, Pearson Education International

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; 
„Lewin´s Genes XI“; Jones&Bsrtlett Learning
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Taken from: B.Lewin, „Essential Genes“, Pearson Education International
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20 Cointegrate 
formation and 
resolution

Replicative 

Transposition

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bsrtlett Learning
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Taken from: B.Lewin, „Essential Genes“, Pearson Education International
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Transposons can influence expression 
of genes flanking integration site
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23 Transposons of Eukaryotes

Taken from: B.Lewin, „Essential Genes“, Pearson Education International
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Transposons of Eukaryotes

Controlling 
elements 
in maize

Taken from: B.Lewin, „Essential Genes“, Pearson Education International
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Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bsrtlett Learning
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Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bsrtlett Learning
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Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bsrtlett Learning
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Taken from: B.Lewin, „Essential Genes“, Pearson Education International
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Taken from: B.Lewin, „Essential Genes“, Pearson Education International
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Taken from: B.Lewin, „Essential Genes“, Pearson Education International

CHE.167 Genetics



32

Reverse Transcription  Tool for Genetic Variation

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bsrtlett Learning
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