BACTERIAL GENETICS

Genetics is the study of genes including the structure of genetic materials, what information is stored in the genes,how the genes are expressed and how the genetic information is transferred. Genetics is also the study of heredityand variation. The arrangement of genes within organisms is its genotype organism based on its genotype and the physical characteristics an and the interaction with its environment, make up its phenotype.
The order of DNA bases constitutes the bacterium's genotype. A particular organism may possess alternate forms of some genes.Such alternate forms of genes are referred to as alleles. The cell's genome is stored in chromosomes, which arechains of double stranded DNA. Genes are sequences of nucleotides within DNA that code for functional proteins. The genetic material of bacteria and plasmids is DNA. The two essential functions of genetic material are replication

and expression.
Structure of DNA

The DNA molecule is composed of two chains of nucleotides wound around each other in the form of “double helix”.Double-stranded DNA is helical, and the two strands in the helix are antiparallel. The backbone of each strandcomprises of repeating units of deoxyribose and phosphate residue. Attached to the deoxyribose is purine (AG) orpyrimidine (CT) base. Nucleic acids are large polymers consisting of repeating nucleotide units. Each nucleotidecontains one phosphate group, one deoxyribose sugar, and one purine or pyrimidine base. In DNA the sugar isdeoxyribose; in RNA the sugar is ribose. 
The double helix is stabilized by hydrogen bonds between purine and pyrimidine bases on the opposite strands. A on one strand pairs by two hydrogen bonds with T on the opposite strand, or G pairs by three hydrogen bonds with C. The two strands of double-helical DNA are, therefore complementary. Because of complementarity, double-stranded DNA contains equimolar amounts of purines (A + G) and pyrimidines (T + C), with A equal to T and G equal to C, but the mole fraction of G + C in DNA varies widely among different bacteria. One of the differences between DNA and RNA is that RNA contains uracil instead of the

base thymine.
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Structure of chromosome

In contrast to the linear chromosomes found in eukaryotic cells, most bacteria have single, covalently closed, circular chromosomes. Not 
all bacteria have a single circular chromosome: some bacteria have multiple circular chromosomes, and many bacteria have linear chromosomes and linear plasmids. Multiple chromosomes have also been found in many other bacteria, including Brucella, Leptospira interrogans, Burkholderia and Vibrio cholerae. Borrelia and Streptomyces have linear chromosomes and most strains contain both linear and circular plasmids. The chromosome of E coli has a length of approximately 1.35 mm, several hundred times longer than the bacterial cell, but the circular DNA is then looped and supercoiled to allow the chromosome to fit into the small space inside the cell.
PLASMIDS:

Plasmids are extrachromosomal elements found inside a bacterium. These are not essential for the survival of the bacterium but they confer certain extra advantages to the cell.
Number and size: A bacterium can have no plasmids at all or have many plasmids (20-30) or multiple copies of a plasmid. Usually they are closed circular molecules; however they occur as linear molecule in Borrelia burgdorferi. Their size can vary from 1 Kb to 400 Kb.
Multiplication: Plasmids multiply independently of the chromosome and 
are inherited regularly by the daughter cells.

Types of plasmids: 
1-F factor: This is also known as fertility factor or sex factor. Most plasmids are unable to mediate their own transfer to other cells. Vertical (inheritance) or horizontal (transfer) transmissions maintain plasmids. F factor is a plasmid that codes for sex pili and its transfer to other cells. Those bacteria that possess transfer factor are called F+, such bacteria have sex pili on their surface. 
2-R factor: Those plasmids that code for the transmissible drug resistance are called R factor. These plasmids transfer to other bacteria is independent of the F factor. Bacteria possessing such plasmids are resistant to many antibiotics and this drug resistance is transferred to closely related species. R factors may simultaneously confer resistance to five antibiotics.
TRANSFER OF GENETIC MATERIAL
Sometimes when two pieces of DNA come into contact with each other, sections of each DNA strand will be exchanged. This is usually done through a process called crossing over in which the DNA breaks and is attached on the other DNA strand leading to the transfer of genes and possibly the formation of new genes. Genetic recombination is the transfer of DNA from one organism to another. The transferred donor DNA may then be integrated into the recipient's nucleoid by various mechanisms. In the case of homologous recombination, homologous DNA sequences having nearly the same nucleotide sequences are exchanged by means of breakage and reunion of paired DNA segments. Genetic information can be transferred from organism to organism through vertical transfer (from a parent to offspring) or through horizontal transfer methods such as conjugation, transformation or transduction. Bacterial genes are usually transferred to members of the same species but occasionally transfer to other species can also occur. General

TRANSFORMATION:

Transformation involves the uptake of free or naked DNA released by donor by a recipient. It was the first example of genetic exchange in bacteria to have been discovered.

CONJUGATION:

In 1946 Joshua Lederberg and Tatum discovered that some bacteria can transfer genetic information to other bacteria through a process known as conjugation. Bacterial conjugation is the transfer of DNA from a living donor bacterium to a recipient bacterium.

Plasmids are small autonomously replicating circular pieces of double-stranded circular DNA. Conjugation involves the transfer of plasmids from donor bacterium to recipient bacterium. Plasmid transfer in Gram-negative bacteria occurs only between strains of the same species or closely related species. Some plasmids are designated as F factor (F plasmid, fertility factor or sex factor) because they carry genes that mediate their own transfer. The F factor can replicate autonomously in the cell. These genes code for the production of the sex pilus and enzymes necessary for conjugation. Cells possessing F plasmids are F+ (male) and act as donors. Those cells lacking this plasmid are F- (female) and act as recipient. All those plasmids, which confer on their host cells to act as donors in conjugation are called transfer factor.
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TRANSDUCTION:
Bacteriophage are viruses that parasitize bacteria and use their machinery for their own replication. During the process of replication inside the host bacteria the bacterial chromosome or plasmid is erroneously packaged into the bacteriophage capsid. Thus newer progeny of phages may contain fragments of host chromosome along with their own DNA or entirely host chromosome.

