EVIDENCE FOR THE THEORY OF NATURAL SELECTION

     As we have previously discussed the theory of natural selection requires an ample supply of genetically-based phenotypic variation in a population.  For asexually reproducing species this variation can only come from mutation, but for sexually reproducing ones independent assortment, recombination and syngamy provide a much greater reservoir of individual variation upon which selection can act.  Not all forms of phenotypic variation in a population, however, can be used to demonstrate that the process of natural selection can cause evolution.

     Environmental modifications are phenotypic differences between genetically identical individuals due to

environmental influences experienced during the process of development and this form of phenotypic variation must be excluded from consideration under natural selection theory as we discussed in the last topic.  Examples would be size differences between individuals due to nutritional differences, behavioral differences due to learning, and age-related differences (tadpole vs. frog).  PHENOTYPE = GENOTYPE + ENVIRONMENT is an important concept because it explains how phenotypes arise during the process of development, thus, phenotypic variation in a population can

be due to environmental influences as well as genetic influences.  Do not assume that because two individuals are phenotypically different that they are also genetically different; the difference in phenotype could be an ENVIRONMENTAL MODIFICATION.

     Continuous vs. discontinuous variation.  Natural selection can act on both continuous and discontinuous

phenotypic variation.  Continuous variation is under polygenic control (many genes contributing to the same

trait) and often fits a bell-shaped or normal distribution when the number of individuals is plotted against the range of some phenotypic variable, e.g., height and weight.  Three patterns of phenotypic change due to natural selection have been described for a continuously distributed variable.

Normalizing or stabilizing selection favors the average individual in the population and so eliminates the extremes. Over time the mean of the population will be preserved but the variance (range of variation from the mean) will be reduced.  Directional selection favors one extreme or tail of the distribution and so over time causes a shift in the mean of the population.  Finally, disruptive selection favors both extremes or tails and so over time the population becomes bimodal and eventually splits into two separate distributions as the average individuals in the population are eliminated.  Observation of any of these patterns of phenotypic change in a population does not allow the observer to conclude that evolution has occurred.  Why not?  The reason is that the phenotypic differences could be due to environmental modification, not genetic difference.

Furthermore, since evolution is defined as a change in gene (= allelic) frequency, the polygenic nature of any genetic difference does not allow one to measure allelic frequency change.  It is difficult enough to demonstrate that continuous variation is heritable, let alone identifying the actual loci involved and their allelic variants.

     How can one empirically test the theory of natural selection?  The answer is by studying discontinuous

variation (polymorphism) wherein the difference between the discrete, discontinuous phenotypes can often be reduced to a difference in genotypic combinations of two allelic variants of a single locus; in short, polymorphism conforms to the one gene model of population genetics and can be analyzed in simple Mendelian fashion.  For Mendelian genes underlying discontinuous variation the role of the environment in

influencing the development of phenotypic differences between individuals can be ignored so that the phenotype can be considered as the direct product of the genotype.

Evidence for Natural Selection Theory

     The one gene model of population genetics predicts the existence of two forms of polymorphism resulting from the action of natural selection: transient polymorphism and balanced polymorphism.  According to the one gene model, a population should contain three genetic variants (AA, Aa and aa) which appear phenotypically as two forms or morphs since AA and Aa individuals will share the same phenotype.  If

selection favors one of the two morphs, the polymorphism will be short-lived or transient because selection will eventually eliminate one and so fix the alternative allele in the population.  The amount of time needed to eliminate the dominant allele (A) if the recessive phenotype is favored will be much less than that needed to eliminate the recessive allele which is protected in the heterozygous condition (Aa).  If, however, selection favors the heterozygote over both homozygotes, then both alleles will be retained in the population in a balanced condition.

     The process of natural selection can remove or preserve but not produce genetic variation.  In the first case (transient polymorphism) natural selection is acting as an erosive force to eliminate altogether one of the two alternative alleles.  In the second (balanced polymorphism) selection is acting as a creative force to preserve genetic variation.  In preserving genetic variation in a polygenic system, natural selection can increase the probability that sexual reproduction will produce offspring which are more fit than either parent and so create the fit.  This last point is crucial to Darwin's concept of natural selection.
     Many examples of polymorphism or discontinuous variation can be found in natural populations, but only

rarely will the difference between two forms be so crucial to survival and reproductive success that the phenotypic difference can be acted on by natural selection.  Most examples of polymorphism are adaptively neutral and confer no advantage to either form.  Variation over time within a population in the frequency of these adaptively neutral morphs is governed by chance through the action of genetic drift.

     Rare though they may be, examples of adaptive polymorphism do exist and two outstanding examples serve to verify the one-gene model's predictions of transient and balanced polymorphism, thereby providing evidence for the theory of natural selection.

     Transient polymorphism.  The phenomenon of industrial melanism occurs in a number of moth species in Europe and the United States.  The British ecological geneticist, E. B. Ford, first called attention to this phenomenon as a way of demonstrating the effect of natural selection in nature (as opposed to artificial selection experiments which have long enjoyed success in the lab).  Ford noted that a light colored moth species, Biston betularia, occasionally undergoes mutation at a single locus to produce a dark or

melanic individual.  Since the mutant allele is dominant, any gamete containing this mutant will produce a melanic individual upon syngamy.

     The first melanic specimen in this species was found in a collection from Manchester, England dated 1848 but by 1895 about 95% of all collected specimens were dark morphs, referred to as the form carbonaria.  In a series of observations and mark-recapture experiments during the 1950s, H. B. D. Kettlewell demonstrated that the two forms (light and dark) were differentially preyed upon by birds

who selectively caught and ate more individuals of the form which did not match the background it rested upon during the day than the one which was camouflaged.  In industrialized areas of England where the substrate (walls and tree trunks) upon which the moths rested were darkened by pollutants in the smoke poured out by factories, the carbonaria form possessed a selective advantage.  Rural areas, unaffected by

pollutants, afforded the light form an adaptive advantage. The environmental change brought on by the industrial revolution did not produce the carbonaria form (which presumably appeared from time to time due to recurrent mutation), it only protected the dark moths from bird predation (the agent of natural selection).  The fact that the light form still exists in rare numbers in industrialized areas testifies to the amount of time

selection requires to eliminate a recessive allele.

     Balanced polymorphism.  Hemoglobin is a pigmented molecule found in red blood cells which exists in two molecular forms: the normal form (Hbn) and the mutant form (Hbs) which in homozygous condition results in the disease sickle-cell anemia.  The mutant form differs from the normal form in a single amino acid substitution in one of the two polypeptide chains which, along with the color component, constitute the molecule.  This molecular difference means that the gene involved in the synthesis of hemoglobin exists

in two forms or alleles.

     Individuals (HbsHbs) suffering from sickle-cell anemia usually die early in adulthood because distortions in the shape of their red blood cells caused by the mutant hemoglobin block capillaries, thereby causing the death of tissue distal to the blockage.  Consequently, there exists a strong selective pressure against this genotype with the result that the mutant allele will be eliminated in much the same way as the allele causing light coloration in the moths described above.  In malaria infested regions of Africa, however, the two alleles persist in balanced proportions due to the fact that heterozygotes (HbnHbs) are able to resist the malaria parasite (which attacks red blood cells) better than individuals homozygous for the normal hemoglobin form.

By favoring heterozygotes (heterozygote superiority) over both homozygotes, selection retains the harmful recessive allele in the population causing balanced polymorphism. This heterozygote superiority, however, depends upon the existence of malaria in the population.  If the malaria were to be eliminated, then both the heterozygote and the sickle-cell homozygote would be selected against relative the the normal hemoglobin homozygote and this case of balanced polymorphism would become one of transient polymorphism.

     In both these examples there exists a demonstrable relationship between phenotype and genotype thereby allowing the frequency of alleles to be calculated from observation of phenotypic frequencies.  Thus, direct observation of a change in phenotypic frequency between successive generations can be taken as evidence of change in allelic frequency.  Since these frequency changes can be attributed to environmental conditions which act as agents of natural selection, these two examples support the theory of natural

selection.
