Chapter 3 – Website Text Boxes

_______________________________________________________________________

Text Box 1. Developments of the theory of hereditary. Category- historical 

Gregor Mendel's now famous early research into heredity in the mid 19th century, using hybrid common garden peas are amongst the earliest descriptions of what has in recognition been termed Mendelian inheritance. These studies were undertaken whilst Mendel was an Augustinian monk in Brünn, Austria and building on results of earlier botanists developed a quantitative description of the results of crossing various hybrid peas with different traits. Through meticulous collection of data from hundreds of crosses of his peas Mendel was able to deduce his First and Second Laws of Heredity. Importantly, he also proposed a simple hypothesis for the operation of these laws namely, that observed traits are determined by discrete "factors," now called genes.
Ironically, Mendel's work although published in the Proceedings of the Brünn Society for Natural History, remained largely ignored and forgotten until some 40 years later when others ‘rediscovered’ Mendel’s proposals and the field of genetics was born. However, it was a further 50 years before the nature of the genetic material was discovered.

 Interestingly, during the period of when Mendel’s work was unappreciated several researchers were interested in heredity and approached the issue from a different angle, namely to try and locate hereditary material in the cell. The germ cells were the ideal place to start looking because of their obvious links with the offspring and new generations; with the nuclei of male and female gametes as a favoured site. Observations using microscopy identified the chromosomes as prominent nuclear structures and early studies confirmed that they exhibited remarkable constancy of the number of chromosomes from cell to cell within an organism, from organism to organism within any one species, and from generation to generation within that species. Further observations of chromosomes during cell division provided strong support for their role as the site of genes. Even though the early investigators did not know about DNA or that it is replicated during interphase, it was still evident that mitosis is the way in which the chromosome number is maintained during cell division. Thus the chromosomes seemed to be the natural candidates for the carriers of the genes. However, an explanation for the events of fertilization whereby two nuclei fuse but the chromosome number remains constant and not doubled remained illusive, until a special form of cell division that halved the chromosome number was identified- meiosis. In humans and other animals, meiosis takes place in the gonads, and the products of meiosis are the gametes
The chromosome theory of heredity (that then hypothetical entities called genes are parts of chromosomes) was originally proposed by the German biologist Theodor Boveri and an American student Walter Sutton. In 1902, they observed that the behaviour of chromosomes at meiosis was compatible with the observations and hypotheses of Mendel; genes are in pairs (so are chromosomes); the alleles of a gene segregate equally into gametes (so do the members of a pair of homologous chromosomes); different genes act independently (so do different chromosome pairs).

At the same time as Mendel was breeding peas, Charles Darwin published his work On the Origin of Species, describing his theory of evolution based upon data gathered during his voyages on the H.M.S. Beagle. Put simply, this theory held that species evolved under the pressure of environmental factors through natural selection or the fitness of the individual. With Darwin's theory and Mendel's laws, the foundations for genetics had been laid. The nature of the genetic material, however, remained to be discovered. Interest in Mendel’s genes was coming from different directions. Geneticists wanted to know what genes do and were considering the genes as the mediators of natural selection; chemists to identify what genes were made of and physicists to unravel how molecules stable enough to be genes could exist.

By 1869, the chemist Johann Friedrich Miescher had isolated a substance he called nuclein, from human pus soaked bandages. The isolation of deoxyribonucleic acid (DNA) was reported by Miescher but similarly to Mendel’s work went unnoticed but eventually was shown to be a component of chromosomes, whose observed behaviour during cell division was compatible with Mendel’s genes. However, chromosomes also were found to contain protein, an observation that would perplex researchers until the seminal work of Crick, Watson and others more than 50 years later.

Proteins were thought to be sufficiently complex with up to 20 different amino acids arranged in different combinations, whereas DNA was thought to be quite simple, comprising equal amounts of only four nitrogenous bases, adenine (A), guanine (G), cytosine (C) and thymine (T). In fact, the complexity of DNA was only revealed by Erwin Chargaff in the late 1940's. The prominent physicist Erwin Schrödinger posed an intriguing problem in the 1940s, namely that the stability of genes during transmission from generation to generation implied the existence of some unknown principles of energetics. This resulted from a series of rather prophetic assumptions regarding the likely instability of molecules small enough and complex enough to be genes; this instability seemed incompatible with the requisite stability needed for inheritance (of course we now know that DNA is inherently unstable with frequent damage occurring due to thermal energy and molecular insults- the whole system only works because of highly efficient repair processes, obviously unknown at this time). 

Eventually, the X-ray crystallographic work of Rosalind Franklin and Maurice Wilkins would lead to the model proposed by James Watson and Francis Crick in 1953. This model postulated that the structure of a gene lay in the sequences of the bases (A, G, C and T), replication which distributed these genes to offspring and the ability of changes in the base sequence to result in mutations to the genes. Finally, a molecular explanation was beginning to emerge for the earlier work of Darwin, namely that it was the DNA, upon which natural selection acted. Thus, changes in the sequence of bases in the DNA (mutations), would lead to different genetic traits that could be selected for or against by changes in the environment.] 

Text box 4- Initiation and Promotion of cancer.

It can reasonably be assumed when modelling the development of cancer, that all cancers are the result of the initiation, promotion and progression phases of carcinogenesis (see figure 4). By implication there are likely genes that can: 

· protect or predispose proto-oncogenes and tumour suppressor genes from activation or inactivation

· bring about or suppress the growth and expansion of initiated cells

· prevent or enhance the acquisition of genetic/epigenetic instability by the initiated cells in order for them to become malignant.

Various genetic syndromes in humans support this notion. Albino individuals are deficient in the pigment melanin and are therefore prone to DNA damage in skin due  ultraviolet light. Although these individuals have normal DNA repair mechanisms these are overwhelmed by the extent of DNA damage. Subsequently, unrepaired DNA lesions may result in mutations in protooncogenes or tumour suppressor genes. Albinism may be considered an "initiator" prone cancer syndrome. However, one good example of the confusing use of the terms initiation and promotion is as follows. In the above case if the DNA damage was very extensive, many cells could undergo apoptosis. In order to repair the damaged skin, stem cells would need to replicate and replace the additional losses. If one of these stem cells had been ‘initiated’, then this compensatory growth could in itself also be the promotion phase. The developing clones of initiated cells in the skin (as long as at least some avoid shedding from the surface) will themselves be further exposed to UV light ehancing the chance of acquiring further mutations to bring about progression of carcinogenesis. Xeroderma pigmentosum also predisposes to skin cancer, because in this case there is a DNA repair defect and ultraviolet light-induced DNA damage persists. However, neither the albino nor the xeroderma pigmentosum individuals will definitely get cancer- if they avoid ultraviolet light they will avoid skin cancer. Normal individuals can develop skin cancers due to sun-light exposure, particularly if the exposure is excessive. Conversely, dark-skinned individuals will be resistant to UV-induced skin cancer.

Since carcinogenesis consists of not only the initiation phase, but also of the promotion and progression phases, there are many environmental factors and genes which could contribute to these phases, either predisposing or protecting from carcinogenesis. Examples include chemicals, both exogenous agents (relating to the diet, workplace or lifestyle) or endogenous agents (such as hormones, growth factors), all of which are not DNA damaging or mutagens. These chemicals are "epigenetic" agents that act as tumour promoters by stimulating initiated cells to proliferate and/ or not die by apoptosis. Individuals, who might normally be accumulating initiated cells (as in normal ageing) but who are exposed to abnormal amounts of promoting substances would be considered "promoter-prone". Again, as in the case of initiator-prone syndromes, avoidance of tumour promoters in normal individuals would reduce the risk to cancers even though they may be initiated. 

Text box 5: Transcription and Translation. Category- further information
The majority of genes are expressed as the proteins they encode. The process occurs in two steps, first the transcription of DNA into RNA and then the translation of RNA into protein. This is also termed the ‘central dogma" of biology: DNA to RNA to protein. DNA acts as the template for the synthesis of RNA in similar fashion to DNA replication. The process is usually initiated by the binding of a transcription factor to a promoter site, usually on the 5′ side of the gene to be transcribed. Following this RNA polymerase binds to the complex of transcription factors, which together open the DNA double helix. The RNA polymerase then proceeds down one strand moving in the 3′ to 5′ direction. Transcription is performed by three different RNA polymerases in eukaryotic cells: RNA polymerase I transcribes ribosomal DNA into ribosomal RNA used in the biogenesis of ribosomes; RNA polymerase II transcribes genes into mRNA; and RNA polymerase III synthesizes transfer RNA and small nuclear RNA. 

In eukaryotes the nucleosomes must be removed from protein encoding genes at the leading front of the advancing RNA pol II. This is achieved by a complex of proteins, which also replaces the nucleosomes after transcription is completed. The RNA polymerase assembles the various ribonucleotide triphosphates into an RNA strand following the rules of base pairing (C on the DNA strand is transcribed into a G on the RNA; for each G, a C; and for each T, an A. However, each A on the DNA guides the insertion of the pyrimidine uracil (U), as no T is found in RNA). Synthesis of RNA proceeds in the 5′ to 3′ direction, with subsequent nucleoside triphosphates added to the 3′ end of the growing strand. After each base is isneerted the two terminal phosphates are removed. When RNA polymerase encounters a STOP signal (a specific sequence of nucleotides), it and its transcript are released from the DNA. A variety of different termination signals are used by the genome. Either DNA strand may serve as the template with some genes aligned one way and some the other, but RNA polymerises always proceed along a strand in its 3′ to 5′ direction. Several types of RNA are produced. Messenger RNA (mRNA), which is actually translated into a protein, ribosomal RNA (rRNA), which comprise the ribosomes where proteins will be made from mRNA, transfer RNA (tRNA), which transport amino acids to the growing protein, small nuclear RNA (snRNA), that are involved in processing of primary RNA transcripts, small nucleolar RNA (snoRNA), microRNA (miRNA) and XIST RNA, involved in silencing of X chromosomes. All the primary RNA transcripts (eg. pre-mRNA) produced in the nucleus are processed in order to generate the functional mRNA molecules exported to the cytosol. In this process, a modified guanine cap is attached to the 5′ end of the pre-mRNA as it emerges from RNA polII, to prevent the RNA from being degraded. Following this introns present in the pre-mRNA are removed and the remaining exons are spliced together. This function is performed by a complex of snRNA molecules and various proteins termed the spliceosome. The pre-mRNA may be processed in different ways allowing a single gene to encode different proteins. This is known as alternative splicing and provides a means of producing a wide variety of proteins from a small number of genes. Finally a poly(A) tail consisting of a stretch of adenine (A) nucleotides is added to an exposed 3′ end of the mRNA molecule. The mRNA is then exported to the cytoplasm where it can be translated into a polypeptide. The nucleotide sequence specifies the amino acid sequence by means of tRNA molecules, each specific for one amino acid and for a particular triplet of nucleotides in mRNA (codon). Thus, it is the tRNA molecules that allow codons in mRNA to be translated into the sequence of amino acids in the protein. At least one kind of tRNA is present for each of the 20 amino acids used in protein synthesis, though some amino acids are represented by two or more different tRNAs, so most cells contain up to 32 different tRNAs. The amino acid is attached to the appropriate tRNA by aminoacyl-tRNA synthetases specific for that amino acid as well as for the tRNA assigned to it. Each type of tRNA has a sequence of 3 unpaired nucleotides (anticodon), which can bind the complementary triplet of nucleotides (codon) on mRNA. Just as DNA replication and transcription involve base pairing of nucleotides running in opposite direction, so the reading of codons in mRNA (5' to 3') requires that the anticodons bind in the opposite direction. Most of the amino acids are encoded by synonymous codons that differ in the third position of the codon. The codon AUG signals the start of translation placing the amino acid methionine at the amino terminal of the polypeptide and three codons, UAA, UAG, and UGA, act as STOP codons to terminate translation. 

The expression of most genes is controlled at the level of transcription by various regulatory proteins, which interact with so-called regulatory elements in the gene (promoters enhancers etc). Importantly, there is now a large literature surrounding the control of gene expression at the level of translation instead.

