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Pleiotropy, natural selection and the evolution of senescence

In this paper, the late evolutionary biologist George C. Williams introduced his take on explaining the evolution of senescence. Senescence is the process of ageing in an organism and is generally seen as an undesirable effect, as it will lead to a decline in physical prowess, vigour and ultimately death – if other instances such as predators, environmental hazards or accidents do not take care of that before. Therefore, its quite apparent presence in almost every organism stands quite to the contrary of what one would expect of the Darwinian selection against disadvantageous genes. Williams suggested the existence of special pleiotropic genes to explain the prevalence of such a deleterious process in organisms, a theory also known as antagonistic pleiotropy (Williams 1957).
Williams’ theory is based on two assumptions, one being that there be pleiotropic genes that have at least two phenotypical effects in an organism at different stages in life; the second one is that the effects of such a gene are antagonistic, i.e. have opposing effects. If these assumptions are met, then the theory stipulates that genes that have an advantageous effect earlier in life would be selected despite possible negative effects they cause further down the line. This would make senescence an inextricable side effect of the selection of a gene that fits the above description, explaining how it could remain in the population. He noted that the selection of an advantageous gene is not only a question of the size of the effect, but one of timing as well. This statement is based on the fact that the overall likelihood of reproducing decreases with increasing age in every organism, due to the increased cumulative probability of death through external causes and higher intrinsic mortality.
The assumption is also made that the force of natural selection declines with age (Medawar 1952), as genes that confer reproductive advantages in early life are selected for more than those bringing benefits later in life. In Williams’ own words: ‘ …natural selection will frequently maximize vigor in youth at the expense of vigor later on…’. After all, what good is a gene, however positive its effects, if there is little to no chance of reaping the benefits due to its late onset? Thus, a ‘pay later’ trade-off is made. Additionally, he maintains that despite its persistent existence, senescence is a disadvantageous trait that is actively selected against, and the rate of senescence observed in an organism is the result of a balancing act between selection against senescence and the effect of aforementioned side-effect expressions of pleiotropic genes.
[bookmark: _GoBack]Leading on from this main theory, Williams also presented nine testable deductions concerning phylogeny and physiological expectations. Amongst these was the prediction that the onset of senescence should coincide with the beginning of reproductive maturation. This again can be explained by the overall decline in reproductive probability with age which leads to the conclusion that it would be wasted effort to invest in the total upkeep of the body when the possibility of demise, and with it the termination of reproductive ability, is constantly increasing. Other predictions include observations that should be made depending on the individual phylogenetic differences of organisms, both in an interspecies (e.g. low adult death rates in a species = low rates of senescence and vice versa) and intraspecies context (the sex with the greater mortality rate and lesser increase in fecundity = higher rate of senescence). He concludes with the prediction that successful selection for longevity should lead to depressed fitness in youth. This particular prediction has been tested and found to be true in Drosophila melanogaster (Zwaan et al. 1995) and Caenorhabditis elegans (Walker et al. 2000). Along with the predictions, Williams also provided examples already known at the time to clarify, support and illustrate his points.

This paper was influential because it was published at a time when evolutionary theories about aging were still thin on the ground and evolutionary biologists were trying to find a theory to reconcile senescence with the principles of natural selection. Theories had been made before, however were still few and far between, and inspired criticism more than consensus, such as August Weismann’s theory about mechanical wear of the body and a programmed death mechanism. Interestingly, the author surmised that this lack of studies was due to aging being a topic of no immediate interest to evolutionary biologists as well as being avoided due to the emotional conflicts one may have to confront in face of one’s mortality.
Regardless of what the actual reasons might have been, with Williams’ theory a theoretical framework was presented upon which further work could be based. The antagonistic pleiotropy theory provided an elegant solution as to why genes with deleterious effects should be kept on in a population. Experiments testing the predictions were carried out with both animals as well as humans, with varying results, partly due to methodological flaws ((Gavrilov & Gavrilova 2002). Trying to measure senescence generally presents a practical problem, since there is no reliable measure for senescence itself; predictions such as the onset of senescence at the start of sexual maturity are therefore hard to test. As a result, tests are often limited to those predictions that involve measurable variables, such as comparing longevity to fecundity.
Another theory about the evolution of senescence that is still regarded with a similar relevance was forwarded a few years earlier than Williams’ is that of Peter Medawar (1952). In this, he called upon the same principle of the weakening of selective forces with age, stating that aging may be the effect of an accumulation of deleterious genes that have a late onset and are therefore not selected against early in life. Both theories are based on similar reasoning and not mutually exclusive (Gavrilov & Gavrilova 2002), and considered to be classical evolutionary theories about the evolution of aging.
Williams’ theory is also used by some biologists to show why there cannot ever be a ‘perfect’ organism resulting from natural selection, as there is always a compromise to be agreed on. Apart from that, the antagonistic pleiotropy theory is given as an explanation for other biological phenomena such as cancer genetic diseases. The paper is being cited in a number of documents from different scientific areas, from evolutionary biology (Pianka 2011), evolutionary psychology (Buss 1999) and gerontology (Harley 1991) and proves its importance if only through the numbers of references to it. With the constant advancement in genetics, however, and the discovery of single genes that seem to affect longevity without side effects (e.g. in C. elegans; Lin et al. 1997) evolutionary biologists will have to find a way to reconcile these new findings with the classical evolutionary theories for aging.
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