
Gene Transfer
• Genetic material is transferred between bacteria

• DonorRecipient
– Donor= original source of DNA

• Plasmid or linear DNA
– Plasmid DNA: can replicate autonomously
– Linear DNA: can integrate by homologous, non-

homologous or site-specific integration



Mechanisms of gene transfer
• Transformation

• Conjugation
– Plasmids
– Conjugative transposons

• Transduction
– Generalized
– Specialized



Fate of transferred DNA

Fig. 13.4



Transformation
of linear DNA

Fig. 13.16



Homologous
recombination
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Mechanism of transformation in
S. pneumoniae

Fig. 13.17



Transformation
of plasmid DNA

Fig. 13.16



Conjugation

Fig. 13.6



F plasmid



Conjugation of F Factor

Fig. 13.14



Site-specific integration of F plasmid

Fig. 13.7



Hfr transfer

Fig. 13.14



Production of F´

Fig. 13.15



F´ conjugation

Fig. 13.15



Plasmid types



Mobile elements

Fig. 13.8



Transposition

Fig. 13.9

• Inserts randomly into
chromosome or into plasmid

• Direct repeats found at ends
• Replicative when transposes
• Relatively stable at site of

insertion
• Can cause varying effects due

to insertion
• Some are conjugative, those

that aren’t can be moved by
other mechanisms



Properties of Transposons



R plasmids and
transposons

Fig. 13.11



Lambda Phage Genome

Fig. 17.16



Phage attachment and DNA
injection

Fig. 17.3



Lytic and lysogenic viral life
cycles

Fig. 13.18



Generalized transduction

Fig. 13.19



Specialized
transduction

Fig. 13.20



Specialized transduction



Origin of E. coli O157:H7



Specialized transduction  in
pathogenesis

•Bacterium Phage Gene Product Phenotype
•V. cholerae CTX phage cholera  toxin cholera
•E. coli lambda phage shigalike toxin hemorrhagic diarrhea
•C. botulinum clostridial phages botulinum toxin botulism
•C.diphtheriae corynephage beta diphtheria toxin diphtheria
•S. pyogenes T12 erythrogenic toxins scarlet fever



Pathogenicity Island (PAI)

• Large segment of DNA (30-100 kb)
• Chromosomally encoded
• In pathogenic, but not non-pathogenic genera
• Clusters of virulence genes
• Found in Salmonella, Escherichia, Yersina,

Helicobacter, Listeria





Evidence for gene transfer in
PAIs

• Similarity in gene sequences for some PAI genes
– Type IV pili, A-B subunit toxins

• GC content different than rest of chromosome
• Often inserted at tRNA loci

– Phage mediated insertion
– Phage ΙR73 inserts at  conserved TTCGA

• Contain plasmid and insertion sequence elements


