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Genetic recombination is mixing of genes to give rise to new combinations of 
genes. New gene combinations cause variability. Genetic recombination in bacteria 
occurs by three main methods - 
I. Conjugation: It was discovered by Joshua Lederberg and Edward Tatum in 
1946. The exchange of genetic material takes place through a special contact tube 
called conjugation tube between two cells of bacteria which are of opposite mating 
types i.e. F+ and F- respectively. 
F stands for the fertility factor that exists in F+ cells. It is the sex-factor in the form 
of F plasmid present in the cells of F+. Normally, he F+ cell is donor cell while F- 
cell is the recipient cell in a conjugation. 
The two cells of opposite mating types i.e. F+ and F– become temporarily attached 
with each other by the sex pilus. The sex pilus has a hole of 2.5 pm diameter 
through which DNA can pass from the donor to the recipient cell. The F factor or F 
plasmid is a double stranded DNA loop present in the cytoplasm of the donors. 
This F factor contains about 20 genes. 
Mechanism of conjugation 
The cells that have the capacity to serve as donors during conjugation are 
differentiated by the presence of specialized cell-surface appendages called F pili. 
The synthesis of these F pili is controlled by several genes that are carried by small 
circular molecule of DNA (about 100kbp) called an F factor (fertility factor) and 
also called as F-plasmid or ‘sex factor’. The F-plasmid is an episome—a plasmid 
that can exist in two different states: (i) the autonomous state, in which it replicates 
independently of the host bacterial chromosome (main genomic DNA), and (ii) the 
integrated state, in which it is covalently inserted into the host’s chromosome and 
replicates along with the host chromosome like any other set of the chromosomal 
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genes. It carries its own origin of replication, the oriV, as well as an origin of 
transfer, or oriT. There can only be one copy of the F plasmid in a given bacterium, 
either free or integrated. They become two immediately before cell division. 

 

The donor bacteria carrying an F factor form the conjugation tube and are 
called F- positive or F-plus (denoted as F+). Strains that lack F plasmids are called 
F- negative or F-minus (denoted as F-). 
When conjugation is initiated via a mating signal, a relaxase enzyme creates a nick 
in the plasmid DNA strand at the origin of transfer, or oriT. The relaxase may work 
alone or in a complex of over a dozen proteins, known collectively as a 
relaxosome. A transferable strand is separated. It is called T-strand. The T-strand 
is unwound from the duplex plasmid and transferred into the recipient bacterium in 
a 5'-terminus to 3'-terminus direction. The remaining strand is replicated either 
independent of the conjugative action beginning at the oriV or in concert with the 
process of conjugation. Conjugative replication is similar to the rolling circle 
replication of lambda phage. Conjugative replication may necessitate a second nick 
before successful transfer would occur. 
In bacteria, conjugation can occur in several ways. Some important examples are 
as follows: 
1. Conjugation between F+male and F- female 
E. coli is an example. E. coli comprises two strains, one as donor (F+ male) and the 
other as recipient (F-female). Only the F factor is transferred in conjugation. The 
fertility factor is accompanied by the presence of pili. They help the donor cell to 
get attached to the recipient cell, when in the region of contact, a pilus grows in 
size and produces a conjugation tube. F factor replicates. A copy of it gets 
transferred to the recipient cell. After receiving F factor, the recipient now converts 
into a donor type cells. Mixing a population of F+ cells with a population of F- cells 
results virtually in all the cells in the new population becoming F+. 
2. Conjugation between Hfr male and F- female 
The F factor can integrate into the host chromosome. An F+ cell carrying an 
integrated F factor is called an Hfr (high-frequency recombination cell). The 
integrated F factor causes the main genomic DNA to replicate and that results into 
the transfer of a good part of the bacterial genomic chromosome of the Hfr cell to 
the recipient F- cell. Usually only a portion of the Hfr chromosome is transferred 
before the cells separate, thus, breaking the chromosome. Rarely the entire Hfr 
chromosome may get transferred. 



3 | P a g e  

The mechanism of transfer of DNA from a donor to a recipient cell during 
conjugation appears to be the same, whether just the F factor is being transferred, 
as in F+ X F- mating, or the genomic chromosome is being transferred, as in Hfr X 

 
 

F- mating. Transfer is believed to be initiated by an endonucleolytic nick in one 
strand at a specific site (the “origin” of transfer) on the F factor. The 5ʹ end of the 
nicked strand is then transferred through the conjugation tube into the recipient 
cell. Transfer is believed to be coupled to rolling circle replication with the intact 
circular strand being replicated in the donor cell and the displaced strand being 
replicated in the recipient cell after transfer. 
Because the origin of transfer is within the integrated F factor, a portion of the F 
factor is transferred from an Hfr to an F- cell prior to the sequential transfer of 
other chromosomal genes. The remaining part of the F factor, however, is the last 
segment of DNA to be transferred. Thus, in Hfr X F- matings, the recipient F- cell 
acquires a complete F factor only in rare cases when an entire Hfr chromosome, 
with its integrated F factor is transferred. 

 

 
3. Gene transfer by Fʹ factor 
The integration of the F factor into the bacterial chromosome is reversible. The F 
factor may get excised from the main genomic DNA chromosome so that the Hfr 
cell reverts to an F+ cell. This excision occurs at about the same frequency as 
integration. Correct excision depends upon a break occuring at the same site on the 
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chromosome as was the integration site. In rare cases, however, the break occurs at 
a neighbouring site, so that on excision a neighbouring segment of the host DNA 
remains attached to the F factor. Such an F factor, containing a small piece of 
chromosomal DNA is called an Fʹ factor. 

 

The cell containing an Fʹ factor is called a primary Fʹ cell. The DNA integrated 
into the Fʹ factor can now be transferred from the Fʹ donor cell to an F- recipient 
cell with the same frequency (100%) as the F factor from F+ strains to F- strains. 
The same piece of chromosomal DNA would be transferred from Hfr cells to F- 
cells only with a frequency of 1%. Transfer of the Fʹ factor from a primary Fʹ cell 
in which it originated to normal F- cell results in a secondary Fʹ cell. In this cell, 
the segment of the bacterial chromosome is present twice (i.e. in the diploid state) 
resulting in the formation of partial diploids or merozygotes. Recombination of this 
type mediated by Fʹ factors is called Sexduction or F-duction. 
II. Transduction 
It was discovered by N. Zinder and J. Lederberg in 1952 in Salmonella 
typhimurium, a typhoid bacterium. Transduction is the transfer of DNA from a 
donor cell to a recipient cell by the agency of bacteriophages. In most cases, only a 
small segment of the host (donor) DNA is transferred. 
Lytic and lysogenic (temperate) cycles 
Transduction happens through either the lytic cycle or the lysogenic cycle. 
Based on their interactions with the bacterial cell, bacteriophages are classified into 
two types: (1) virulent phages, which always multiply and lyse the host cell; and 
(2) temperate phages, which have a choice between two life-styles after infection. 
They can either enter the lytic cycle, during which they reproduce and lyse their 
host cells just like virulent phages, or alternatively, they can enter the lysogenic 
pathway during which the phage chromosome is integrated into the bacterial 
chromosome. In the latter case, phage DNA can remain dormant for thousands of 
generations and replicate like other segments of the host chromosome. 
The lytic cycle leads to the production of thousands of new phage particles which 
are released by the host cell lysis. The transducing phages are usually defective in 
one or more respects. 
Types of transduction 
Two kinds of transduction can be distinguished – (1) generalized transduction 
which can transfer any part of the host DNA and (2) specialized transduction 
which is restricted to the transfer of specific DNA segments. 
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In certain cases, bacterial DNA is injected by a phage but it does not replicate. This 
kind of transduction is referred to as abortive transduction. 
1. Generalized transduction: In generalized transduction, a random segment of 
the bacterial DNA is included during phage maturation in place of or along with 

 

the phage chromosome in a few progeny particles, called transducing 
particles. Generalized transducing phages can transport any number of genes of the 
donor cell to the recipient cell. Since all the genes of the donor are represented in a 
population of these transducing particles, it was called generalized transduction. In 
some cases, generalized transducing particles contain only bacterial DNA and, in 
other cases, they contain both phage and bacterial DNA. 
Generalized transduction is mediated by some virulent bacteriophages and by 
certain temperate bacteriophages whose chromosomes are not integrated at 
specified attachment sites on the host chromosome. Generalized transducing 
particles are produced during the lytic cycles of these phages. 

 

 
(2) Specialized transduction: In specialized transduction, a definite 
recombination event occurs. It involves the host chromosome and the phage 
chromosome resulting in a recombinant phage chromosome that contains a 
segment of the bacterial DNA. Specialized transducing particles always contain 
both phage and bacterial DNA. 
Specialized transduction is so called because a given phage transduces only genetic 
markers of the host that are located in one small region of the bacterial 
chromosome. 
Specialized transduction is mediated by the temperate bacteriophages whose 
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chromosomes are able to integrate at one, or a few specified attachment sites on the 
host chromosome. In its integrated state, the phage chromosome is called a 
prophage. The chromosomes of temperate phages of this type are thus capable of 
both (i) autonomous replication (replication independent of the replication of the 
host chromosome) and (ii) integrated replication (replication as a segment of the 
host chromosome). As such, they are examples of genetic elements called 
episomes. 
III. Transformation 
Frederick Griffith (1928), an English bacteriologist, discovered that the heat-killed 
bacteria of the virulent strain of Pneumococcus pneumoniae could transfer 
characteristics of its strain to the non-virulent strain of the living bacteria. 

 

 
Griffith’s experiment on mice with Pneumococcus pneumoniae 

 

 



7 | P a g e  

Avery, Macleod and McCarty (1944) proved that it is due to the transfer of DNA 
segments from the dead cells to the living cells. They called the uptake and 
incorporation of DNA by bacteria as transformation and the normal ability of the 
cells to take up an exogenous DNA as competence. Transformation may be defined 
as the gene transfer by soluble or naked DNA liberated from a donor bacterium to  
a recipient bacterium. 
Competent bacteria carry genes which induce its protein machinery to bring DNA 
across the cell membrane. The transport of the exogenous DNA into the cells 
involves protein factors that are used in other functions too. There exist some 
difference in the mechanism of DNA uptake by Gram-positive and Gram-negative 
bacteria due to the differences in the structure of their cell envelope. They, 
however, share common features and proteins in relation to the process of 
transformation. 
The DNA first binds to the surface of the competent cells on a DNA receptor and 
passes through the cytoplasmic membrane via DNA translocase. Only one DNA 
strand passes through. The other strand is degraded by nucleases. The translocated 
single-stranded DNA may then be integrated into the recipient bacterial 
chromosome by a RecA-dependent process. The uptake of DNA is generally non- 
sequence specific. 
In Gram-negative cells, the DNA requires the presence of a channel formed by 
secretins on the outer membrane. 


