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                                    ASSIGNMENT 

1. Discuss microbial variation and hereditary in bacteria

2. Explain microbial recombination

                                     ANSWER
1. Bacterial genetics is the study of how genetic information is transferred, either from a particular bacterium to its offspring or between interbreeding lines of bacteria, and how that genetic information is expressed. Given the short generation times of most bacteria, the inheritance of genetic information must be extremely faithful. Occasionally genetic variation or the transfer of genetic information between bacteria gives rise to mutations. The large sizes of bacterial populations ensure that even extremely rare genetic events are likely to occur. This genetic variation makes it possible for individual members of huge populations of bacteria to evolve new traits rapidly. For example, a single mutation may allow a bacterium to survive environmental conditions that would kill its nonmutant siblings (e.g., exposure to an antibiotic), or a group of genes transferred from another bacterial species may enable such an altered bacterial species to invade a new environmental niche (e.g., the ability to infect a new host). In the laboratory, genetic variation is exploited to study the properties of bacteria, to explore the fundamental characteristics of gene transfer and gene expression, and to construct mutants with desired characteristics.

Microbial genetics provides powerful tools for deciphering the regulation, as well as the functional and pathway organization, of cellular processes. This involves both discovering the regulatory genes and sites that control individual gene expression, as well as determining which genes are coregulated and thus likely to participate in the same process. Often genes that are coregulated are located next to each other in the same transcriptional unit (an operon) but there are numerous cases of dispersed sets of genes that are coregulated (regulons).

The study of bacterial genetics has provided much of the conceptual foundation for understanding the structure, function, and expression of genes. The detailed knowledge of genetic mechanisms in bacteria has also resulted in immensely powerful and sophisticated tools for studying the molecular biology of a wide variety of prokaryotic and eukaryotic organisms. Because many of these tools make it possible to do detailed genetic studies on previously intractable bacterial species, there has been considerable interest and recent exciting progress in studying the genetic basis of antibiotic resistance and pathogenesis. We know quite a bit about the molecular basis of genetic variation in bacteria. The purpose of these lectures is to provide you with a basic understanding of the ongoing variation and evolution of bacteria in nature. Sometimes, with appropriate selective pressure, new genes and elements can evolve and spread rapidly. One of the most deadly examples is the development of genetic elements that encode resistance to several antibiotics and transfer easily from one bacterial cell to another. Such elements have caused severe problems in the treatment of infectious bacterial disease. In other cases, the genetic changes are programmed by the bacterial cell, as in the case of antigenic variation of certain pathogens. We are just beginning to understand the relevance of these mechanisms to disease. There is no question that the progress will be rapid and that the ultimate objective of using this knowledge to provide new approaches for the control of infectious disease will be realized during the course of your careers. 

When a bacterial cell divides, the two daughter cells are generally indistinguishable. Thus, a single bacterial cell can produce a large population of identical cells or clone. On solid medium, a clone is manifested as an easily isolated colony. Occasionally, a spontaneous genetic change occurs in one of the cells. This change (mutation) is heritable and passed on to the progeny of the variant cell to produce a subclone with characteristics different from the original (wild type) parent. This is termed vertical inheritance. If the change is detrimental to the growth of the cell, the subclone will quickly be overrun by the healthy, wild type population. However, if the change is beneficial, the subclone may overtake the wild type population. This is an example of how evolution is directed by natural selection. 

2.) Bacterial recombination is a type of genetic recombination in bacteria characterized by DNA transfer from one organism called donor to another organism as recipient. This process occurs in three main ways:

Transformation, the uptake of exogenous DNA from the surrounding environment.

Transduction, the virus-mediated transfer of DNA between bacteria.

Conjugation, the transfer of DNA from one bacterium to another via cell-to-cell contact.

The final result of conjugation, transduction, and/or transformation is the production of genetic recombinants, individuals that carry not only the genes they inherited from their parent cells but also the genes introduced to their genomes by conjugation, transduction, and/or transformation. Recombination in bacteria is ordinarily catalyzed by a RecA type of recombinase. These recombinases promote repair of DNA damages by homologous recombination. The ability to undergo natural transformation is present in at least 67 bacterial species. Natural transformation is common among pathogenic bacterial species. In some cases, the DNA repair capability provided by recombination during transformation facilitates survival of the infecting bacterial pathogen. Bacterial transformation is carried out by numerous interacting bacterial gene products.

