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Genetic Basis of Variation in Bacteria

I. Organization of genetic material in bacteria
a. chromosomes
b. plasmids

II. Genetic variation: Source
a. point mutations
b. DNA rearrangements

III. Genetic variation: Transmission
a. transformation
b. transduction
c. conjugation

IV. Genetic variation: Implications for pathogenesis
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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.
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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.

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
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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
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Hfr conjugation: Genetic recombination in which 
fragments of chromosomal DNA from a male 
donor bacterium are transferred to a female 
recipient bacterium following insertion of an F+ 
plasmid into the nucleoid of the donor bacterium. 
Involves a sex (conjugation)pilus. 
•F+ plasmids can exist extrachromosomally or 
integrated into the host chromosome. 
•Integration occurs at a frequency of 10-5 per 
generation.
•Integration occurs via homologous 
recombination between IS-elements on the 
plasmid and IS-elements in the chromosome.

Transmission of genetic variation: Hfr conjugation

1. An F+ plasmid inserts into the donor 
bacterium's nucleoid to form an Hfr male.

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

Transmission of genetic variation: Hfr conjugation
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3. The sex pilus retracts and a bridge 
forms between the two bacteria. One 
donor DNA strand begins to enter the 
recipient bacterium. The two cells break 
apart easily so the only a portion of the 
donor's DNA strand is usually 
transferred to the recipient bacterium. 

4. The donor bacterium makes a 
complementary copy of the remaining 
DNA strand and remains an Hfr 
male. The recipient bacterium makes 
a complementary strand of the 
transferred donor DNA. 

Transmission of genetic variation: Hfr conjugation

5. The donor DNA fragment undergoes 
genetic exchange with the recipient 
bacterium's DNA. Since there was 
transfer of some donor chromosomal 
DNA but usually not a complete F+ 
plasmid, the recipient bacterium usually 
remains F-

http://www.cat.cc.md.us/courses/bio141/lecguide/unit4/genetics/recombination/conjugation/hfr.htm l
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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
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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
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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.
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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. 
b. Enterococcus faecium
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Transduction:  Examples of Virulence Factors Carried by Phage

Transduction: Corynebacterium diphtheriae
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Transduction: Corynebacterium diphtheriae
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Transduction: Vibrio cholera

Transduction: Vibrio cholera
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Model of the key steps (infection, integration, replication, assembly and secretion) in the life cycle of CTX. (a) CTX infection of V.
cholerae requires TCP and TolQ, TolR and TolA. The single stranded DNA of CTX ((+) ssDNA) loses its protein coat and is transported 
into the bacterial cytoplasm. (b) DNA complementary to the phage genome is synthesized to generate pCTX, the replicative (plasmid) 
form of CTX. (c) The chromosome-encoded recombinases XerC and XerD, along with the phage-encoded protein RstB, are required for 
integration of pCTX into the chromosome at or near the V. cholerae dif site. (d) Recombination between nearly identical sequences in
pCTX and the V. cholerae chromosome (green triangles) generates either a single CTX prophage or (as shown) tandem prophages. (e) 
Tandem prophages can serve as a template for production of extrachromosomal phage DNA. This process is initiated by the phage-
encoded protein RstA; (f) it results in the formation of the single-stranded phage genome ((+)ssDNA). (g) pCTX can serve as a template 
for further replication of the phage genome; (h) its genes can also be transcribed and translated, resulting in synthesis of phage proteins. 
(i and j) Phage proteins are thought to be inner membrane proteins prior to insertion into phage particles. Phage DNA (chain of circles) is 
simultaneously packaged into virions and secreted from the cell. Phage secretion depends upon the outer membrane channel EpsD. Ss, 
single-stranded.

Transduction: Vibrio cholera

Transduction: Neisseria meningitidis
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Transduction: Neisseria meningitidis

Transduction: Neisseria meningitidis
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Transformation: Neisseria gonorrhoeae pilin variation
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Transformation: Neisseria gonorrhoeae pilin variation
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Conjugation: Bacillus spp. 

Conjugation: Bacillus spp. 
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Conjugation: Bacillus spp. 

Conjugation: Bacillus spp.
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Conjugation: Enterococcus faecium 
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