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Lecture #3:  Modern view of mechanisms of evolution; genetics of development
Earth is populated by an enormously diverse variety of organisms.  Is there a corresponding diversity of genes?  To what extent are the same sets of genes used in different ways?   We can begin to think about these important questions by considering the situation that exists for the various types of cells within an individual organism:  All cells in the body contain the same set of genes, yet complex organisms are made up of many diverse types of cells with very different structures and functions.  If genes are the “blueprints” for building cells, how can this be explained?  Although all cells in the body contain an identical set of genes, many of these genes are not active at all times, and different sets of genes are active in different cell types.  Further, even in a given type of cell, a particular gene may be active only during a specific phase of the life history of the organism.  What is the significance of differences in the timing of activation of certain genes during an organism’s lifetime (development)?  There is now much evidence to support the idea that many of the evolutionary changes in patterns of development are explained by changes in the timing of activation of specific genes in specific types of cells.  

The landmark discovery of “operons” in bacteria, by Jacob and Monod, set the stage for the discovery of “homeotic” genes in higher organisms and a radically new and exciting view of the genetic regulation of development.  Operons are sets of genes that are turned on (made to become active) as a result of an interaction of chemicals in the environment with particular sites in the genome.  Jacob and Monod discovered the lac operon in the bacterium, E. coli.  In order to break down lactose to yield glucose (which can be further metabolized to yield energy for cellular processes) the bacterium must produce 3 enzymes that are coded by 3 particular genes.  Jacob and Monod found that E. coli only produce these enzymes when lactose is present in the culture medium.  There is a particular site on the bacterial chromosome where a repressor molecule is bound and inhibits production of the enzymes by keeping the 3 corresponding genes in an inactive state.  Lactose can bind to the repressor and prevent it from blocking the activity of the genes that code for the enzymes, thus allowing the enzymes to be produced.  This is efficient, since with this system in place, E. coli will not waste energy producing the enzymes unless lactose is available (see diagram for illustration of control of β -galactosidase gene).
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There are a number of genes in higher organisms, from worms and insects to humans, which act by regulating the activity of a number of other genes.  The mechanism bears some similarity to the way bacterial operons work.  The regulator genes code for production of proteins that bind to specific sites in the genome (like lactose binds to the repressor molecule in the operon) and thereby activate or inhibit the activity of genes.  A number of regulatory genes have been extremely well conserved (meaning they have been passed from species-to-species with relatively little change) over more than half a billion years of evolutionary history.  Perhaps most famous of these regulators are the homeotic genes, or Hox genes, each of which regulates the production of specific regions or segments of the body by turning on the set of genes that are needed to produce the structures found in that region.  The Hox genes of flies and mammals are extremely similar to each other.  Regulator genes have been involved in the evolution of a wide variety of structures, including the legs, antennae and mouthparts of insects and certain aspects of the color patterns on the wings of butterflies and moths.
A striking example to illustrate the conservation of regulatory genes comes from studies of the eyeless gene of Drosophila.  This gene has the ability, when it is activated, to activate the set of genes that are required to ‘build’ a compound eye.  (Normally, the eyeless gene only becomes active in tissues in the head region where the eye will be produced.  But if activated eyeless genes are transplanted into other regions of the fly’s body, an eye will be produced at the site.) Mice have a homologue of the eyeless gene called Pax-6, and this gene is involved in the production of the mouse eye.  When the mouse Pax-6 gene is introduced into cells on a Drosophila leg and is artificially activated, the result is that a compound eye is produced on the leg.  The observation that the Pax-6 gene of a mammal can trigger eye development when transferred to an insect demonstrates how well conserved this gene has been over hundreds of millions of years of evolution.  (When Pax-6---the mouse gene--- is transplanted into insect tissues, it turns on the insect genes that are involved in construction of an eye; hence, the production of a compound eye.)
