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Transmission of genetic variation: transduction

How did Zinder and Lederberg prove that the phenotype 

was the result of transduction?

• presence of DNAase rules out transformation

• filter prevented contact so no conjugation

• reducing filter pore size to below size of phage inhibited
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Transmission of genetic variation: transduction

• There are two types of transduction:

– generalized transduction: A DNA fragment is transferred from one bacterium 
to another by a lytic bacteriophage that is now carrying donor bacterial DNA 
due to an error in maturation during the lytic life cycle. 

– specialized transduction: A DNA fragment is transferred from one bacterium 
to another by a temperate bacteriophage that is now carrying donor bacterial 
DNA due to an error in spontaneous induction during the lysogenic life cycle

Transmission of genetic variation: transduction
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1. A lytic bacteriophage adsorbs to a susceptible 
bacterium. 

3. Occasionally, a bacteriophage head or 
capsid assembles around a fragment of 
donor bacterium's nucleoid or around a 
plasmid instead of a phage genome by 
mistake.

Transmission of genetic variation: generalized transduction

2. The bacteriophage genome enters the 
bacterium. The genome directs the 
bacterium's metabolic machinery to 
manufacture bacteriophage components and 
enzymes 

4. The bacteriophages are released.

5. The bacteriophage carrying the donor 
bacterium's DNA adsorbs to a recipient 
bacterium

Transmission of genetic variation: generalized transduction

http://www.cat.cc.md.us/courses/bio141/lecguide/unit4/genetics/recombination/tran
sduction/transduction.html

6. The bacteriophage inserts the donor 
bacterium's DNA it is carrying into the 
recipient bacterium . 

7. The donor bacterium's DNA is exchanged 
for some of the recipient's DNA.

Transmission of genetic variation: generalized transduction

1. A temperate bacteriophage adsorbs to 
a susceptible bacterium and injects its 
genome . 

2. The bacteriophage inserts its genome 
into the bacterium's nucleoid to become a 
prophage.

Transmission of genetic variation: specialized transduction

3. Occasionally during spontaneous 
induction, a small piece of the donor 
bacterium's DNA is picked up as part of 
the phage's genome in place of some of 
the phage DNA which remains in the 
bacterium's nucleoid. 

4. As the bacteriophage replicates, the 
segment of bacterial DNA replicates as 
part of the phage's genome. Every phage 
now carries that segment of bacterial 
DNA. 

Transmission of genetic variation: specialized transduction

5. The bacteriophage adsorbs to a 
recipient bacterium and injects its 
genome.

6. The bacteriophage genome carrying the 
donor bacterial DNA inserts into the 
recipient bacterium's nucleoid.

http://www.cat.cc.md.us/courses/bio141/lecguide/unit4/genetics/recombination/transduction/spectran.html

Transmission of genetic variation: specialized transduction
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Transmission of genetic variation: mechanisms

Transmission of genetic variation: conjugation
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Bacterial Conjugation is genetic recombination in which there is a transfer of 
DNA from a living donor bacterium to a recipient bacterium. Often involves a 
sex pilus.

Transmission of genetic variation: conjugation
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Transmission of genetic variation: conjugation

• Direct transfer of DNA from one strain to 
another.
• Best studied in E. coli, and 

approximately a third of freshly isolated E. 
coli have plasmids. 
• Conjugative plasmids have been found in 
approximately 30 genera of bacteria, 
mostly gram-negative.  Antibiotic-
resistance plasmids RP4 & R68.45 can 
propagate and promote conjugation in 
virtually any gram-negative bacterium.
• Some gram-positive conjugate such as 

Streptococci, Staphylococcus, 
Streptomyces, Clostridium, and Bacillus.
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F+ Conjugation- Genetic recombination in which there is a transfer of a 
large (95kb) plasmid F+ plasmid (coding only for a sex pilus) but not 
chromosomal DNA from a male donor bacterium to a female recipient 
bacterium. Involves a sex (conjugation) pilus. Other plasmids present in 
the cytoplasm of the bacterium, such as those coding for antibiotic 
resistance, may also be transferred during this process. F can be 
transferred from E. coli to Salmonella, Shigella, and Proteus.

Transmission of genetic variation: F+ conjugation

1. The F+ male has an F+ plasmid coding 
for a sex pilus and can serve as a genetic 
donor 

2. The sex pilus adheres to an F- female 
(recipient). One strand of the F+ plasmid 
breaks 

Transmission of genetic variation: F+ conjugation

3. The sex pilus retracts and a bridge 
is created between the two bacteria. 
One strand of the F+ plasmid enters 
the recipient bacterium 

4. Both bacteria make a complementary 
strand of the F+ plasmid and both are now 
F+ males capable of producing a sex pilus. 
There was no transfer of donor 
chromosomal DNA although other plasmids 
the donor bacterium carries may also be 
transferred during F+ conjugation.

http://www.cat.cc.md.us/courses/bio141/lecguide/unit4/genetics/recombination/conjugation/f.htm l

Transmission of genetic variation: F+ conjugation

F

F

Transmission of genetic variation: R-plasmid conjugation

• R factors - Drug-resistance 
plasmids first isolated in late 
1950's in Shigella during an 
outbreak of dysentery. The first 
plasmid isolated carried resistant 
determinants to four different 
antibiotics: chloramphenicol, 
tetracycline, streptomycin, and 
sulfonamides. Latter the same 
plasmid was found in E. coli.

• In patients given oral 
tetracycline, the predominant 
fecal E. coli isolates carry 
tetracycline-resistance R 
plasmids within one week. 

1. The bacterium with an R-plasmid is 
multiple antibiotic resistant and can 
produce a sex pilus (serve as a genetic 
donor).

2. The sex pilus adheres to an F- female 
(recipient). One strand of the R-plasmid 
breaks. 

Transmission of genetic variation: R-plasmid conjugation

3. The sex pilus retracts and a bridge 
is created between the two bacteria. 
One strand of the R-plasmid enters the 
recipient bacterium.

4. Both bacteria make a complementary 
strand of the R-plasmid and both are 
now multiple antibiotic resistant and 
capable of producing a sex pilus.

http://www.cat.cc.md.us/courses/bio141/lecguide/unit4/genetics/recombination/conjugation/r.html

Transmission of genetic variation: R-plasmid conjugation
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Transmission of genetic variation: R-plasmid conjugation
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Transmission of genetic variation: conjugative transposition

Transmission of genetic variation: conjugative transposition
Composite transposons (Tn):

• Carry genes (e.g., a gene for antibiotic resistance) flanked on both sides by IS elements.

• Tn10 is 9.3 kb and includes 6.5 kb of central DNA (includes a gene for tetracycline resistance) 
and 1.4 kb inverted IS elements.

• IS elements supply transposase and ITR recognition signals.

Genetic variation: Implications for pathogenesis and 
antibiotic resistance

I. Transduction
a. Vibrio cholera 
b. Corynebacterium diphtheriae
c. Neisseria meningitidis

II. Transformation
a. Neisseria gonorrhoeae pilin variation

III. Conjugation
a. Bacillus spp. 
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Transmission of genetic variation

Bacterium Phage Gene 
Product Phenotype

Vibrio cholerae CTX phage cholerae toxin cholera

Escherichia coli lambda 
phage shigalike toxin hemorrhagic 

diarrhea

Clostridium botulinum clostridial
phages

botulinum
toxin

botulism (food 
poisoning)

Corynebacterium
diphtheriae

corynephage
beta

diphtheria 
toxin diphtheria

Streptococcus 
pyogenes T12 erythrogenic

toxins scarlet fever

Transduction:  Examples of Virulence Factors Carried by Phage

Transduction: Corynebacterium diphtheriae

Transduction: Corynebacterium diphtheriae
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Transduction: Corynebacterium diphtheriae
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Transformation: Neisseria gonorrhoeae pilin variation
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Transformation: Neisseria gonorrhoeae pilin variation

Transmission of genetic variation

Conjugation: Bacillus spp. 

Conjugation: Bacillus spp. 
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