PAGE  
1

EEB 210

Spring 2008 

Lecture #2:  Darwinian evolution:  The Modern Synthesis
The major weakness in Darwin’s theory was that the mechanism of inheritance was unknown.  It was commonly believed that offspring were a ‘blend’ of the traits possessed by their parents.  Gregor Mendel was the first to obtain evidence that this apparent ‘blend’ was actually the result of the transmission of units of inheritance that retained their original characteristics as they were passed from generation-to-generation. 

Genes were first defined as units that transmit specific traits (such as eye color or the ability to produce a particular enzyme) from parents to offspring.  Only later was it determined that genes reside on the chromosomes in the cell nucleus.  Finally, it was established that DNA is the genetic material associated with the chromosomes.  In 1953, Watson and Crick reported on the chemical structure of DNA and noted that certain aspects of its structure correlate very nicely with certain properties that were suspected to be associated with genes.  These discoveries led to a tremendously rapid advance in knowledge of the chemistry of heredity.  

In the context of our improved understanding of the mechanisms of heredity (based on genes), the Darwinian view of evolution came to focus on 3 fundamental processes, each of which is essential to the evolution of organisms:

a. replicators  (DNA)

b. variation (produced by mutation and also by recombination of genes in sexually reproducing species)

c. selection (natural selection)

The terms “analogous” and “homologous” are frequently used in biology to

distinguish between structures or behaviors that have two different types of relations.  Analogous structures are structures with similar function but which did not develop via common ancestry.  For example, the wings of birds and the wings of insects are analogous; birds and insects do not have a common ancestor that had a structure that gave rise to both insect wings and bird wings.  (Analogous structures are often said to have arisen via parallel evolution; the term “parallel” here is intended to indicate that the two structures arose independently of one another, as a result of two separate evolutionary paths.)  By contrast, homologous structures do have a common ancestry and may or may not have a similar function.  The wings of birds and the forelegs of mammals are homologous with respect to morphology (anatomy) since both are derived from the forelegs of a common ancestor.  

Studies of DNA structure have led to surprising findings regarding evolution:  Many genes have been highly conserved, or retained, over incredibly long spans of evolution. For example, all multicellular organisms have circadian clocks that are important in timing physiological and behavioral changes that repeat over each 24-hour day/night cycle.  Recent discoveries show that these biological clocks are based on interactions between a few key genes and their protein products.  The first clock gene to be identified was the per gene of Drosophila. Mammals have 3 per genes (per1, per2 and per3) that are closely related to the single per gene of Drosophila, and the mammalian per genes are also involved in circadian clock function.  This is particularly surprising because the clocks of flies and mammals are localized in different types of brain structures and are believed to be, from an evolutionary perspective, analogous rather than homologous structures.  


The developing knowledge of genetics has led to much refinement of old ideas of Darwinian evolution and has also led to a number of entirely new insights into the evolutionary process.  A key question for evolutionary biologists is:  At what level does natural selection act?  That is, does selection work for the benefit of the species?  The individual?  The gene(s)?  The answer to this question makes a great deal of difference for how biologists think about the mechanisms of evolution and its expected outcomes.  (Note:  Darwin recognized that it was important to know whether natural selection acted more for the ‘improvement’ of the species or the individual, and he correctly came down on the side of the latter.  However, Darwin could not evaluate the role of natural selection vis-à-vis genes because he did not know what the mechanism of inheritance was.)


Biologists now agree that natural selection acts primarily at the level of the individual genes, with perhaps rare exceptions.  This means that genes that promote good adaptation to the environment, and, specifically, which increase reproductive fitness, will tend to be preserved and will tend to spread throughout a breeding population (species).  In contrast, genes that decrease reproductive fitness---for example a gene that leads to the development of white fur for a small mammal that lives in an environment where the background is dark---will tend to be eliminated from the breeding population.

It is important to consider the concepts of genotype (the particular genes in an individual organism that determine a specific trait) and phenotype (the morphological and behavioral characteristics of an organism---its biochemical, cellular and behavioral characteristics---includes just about everything above the level of the genes).  The phenotype can be viewed as the vehicle for passing genes from one generation to the next.  The entire array of genes in an individual is called the genome.  This term is sometimes also used to indicate the entire array of genes in a species---as in “The Human Genome Project”. Dawkins often refers to phenotypes (organisms) as “survival machines” that function in the ‘survival’ of genes.

A chemical change (actually a change in the sequence of bases---adenine, thymine, cytosine, guanine---which code for the structure of the protein that is produced by using that gene as a template) in a given gene is called a mutation of that gene, regardless whether or not the change affects the organism’s phenotype.  The organism that has (carries) this altered form of the gene is called a mutant.  (So mutants are not necessarily ‘monsters’.)


With respect to understanding the evolutionary process, what is the relative importance of (a) mutations, (b) recombination of genes during sexual reproduction, (c) extinction of species?  

Here are a couple of things to consider:

(1) There is a commonly asked question:  Is this trait biological (usually meaning does it have a genetic basis) or is it based on environmental influence?  This is basically the “nature vs. nurture” question, and it is usually misdirected.  Most (and in the very strictest sense, all) traits are determined by both genetic and environmental influences.  Consider the queen honeybee and the worker bees.  They are not genetically different.  Any female bee can become a queen if she is fed the crucial diet during early development; otherwise she will be a worker.  This demonstrates the potential power of even a single environmental factor to alter the course of development.  Does that mean genes are not important?  No, because all female honeybees will be either queens or workers; there is no third alternative.  So the genes dictate that female honeybees will be ‘built’ according to one of two alternative plans.

(2) Domesticated dogs provide an excellent example of the extent to which variations in phenotype can be achieved by different combinations of genes taken from a gene pool, with very few mutations being required.  Dogs are derived from wolves.  Dogs show very little genetic difference from wolves and can be crossed with wolves to produce fertile hybrids.  For these reasons, some scientists believe that dogs (generally designated as Canis domesticus) should be considered as a subspecies of Canis lupus, the wolf.   People have been breeding dogs for a few thousand years.  This is probably not long enough to accumulate many new mutations (genes that were not present in the ancestral population of wolves that gave rise to dogs).  The conclusion would seem to be that the enormous variety of dog breeds has been achieved, for the most part, by selectively breeding for the particular combinations of genes that result in desired traits and then inbreeding to maintain those gene combination and traits.  So we have many breeds of dogs that look so different that, based on appearance (phenotype) alone, one would think there are many species; but actually this has all been achieved with a single species via artificial selection.  

