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Understanding evolution is important

Evolution is responsible for both the remarkable similarities we see across all life and the amazing diversity of that life. Understanding evolution may assist us to know the history of the past.

Understanding evolution helps us solve biological problems that impact our lives. There are excellent examples of this in the field of medicine. To stay one step ahead of pathogenic diseases, researchers must understand the evolutionary patterns of disease-causing organisms. To control hereditary diseases in people, researchers study the evolutionary histories of the disease-causing genes. In these ways, knowledge of evolution can improve the quality of human life.
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I. BOOK DESCRIPTION: 

This book is an upper-level introduction to biological evolution for biology majors, and covers the mechanisms of evolution, the methods of evolutionary analysis, the evolutionary history of life on earth, and why evolution is considered to be the central organizing principle of all modern biology.

It covers the whole field and emphasizes what the important concepts are.

Care has been taken to express complex and stimulating ideas in simple language, while the frequent examples and running summaries make reading fun.

Each part follows logically from the next, so that the course can be read straight through, one part per sitting.
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I. Introduction:

The earth is rich in diverse environments and eco-systems. At the core of evolution is the way a specific species adapts to its environment. All adaptations are a consequence of the environment, and are meant to help an organism survive within that environment. This is known as the Adaptive Strategy of an organism. While body size is generally very subjective, it is an adaptive trait that people in southern, tropical, or warm climates are taller than those in colder, northern, or arctic climates. The reason behind the adaptation is the distribution of heat throughout the body. A taller person in a hot climate distributes heat throughout a larger percent of their body to disperse it easier, whereas a shorter person in a northern climate has a smaller body in which to distribute heat which helps to retain it. Other adaptations with other organisms follow the same general premise. All adaptations are a consequence of the environment, and are meant to help an organism survive within that environment. This is known as the Adaptive Strategy of an organism.

All animals have same life processes to accomplish (food, safety...). Cats look the same because same muscles have to accomplish same tasks. The more [cats] you look at, the more similar they become.  We're looking at generalizations in groups. You don't get something because you need it (wings), but because it enables you to survive. Such changes happen over big-big periods of time.

The importance of evolution to the study of biology was stated best by Theodosius Dobszhansky, who said, "Nothing in biology makes any sense except in the light of evolution." While most of biology attempts to describe what the natural world is like, evolution explains how and why it became that way. The forces that drive changes in species are vital to an understanding of life itself. 

In considering the origin of species, it is quite conceivable that a naturalist, reflecting on the mutual affinities of organic beings, on their embryological relations, their geographical distribution, geological succession, and other such facts, might come to the conclusion that species had not been independently created, but had descended, like varieties, from other species. That species might change over time was first suggested by Count George-Louis Leclerc de Buffon. It was later popularized by his student, Jean-Baptiste Lamarck, who added a possible mechanism by which this change might take place. However, it was not until 1859, when Charles Darwin wrote his book, on the origin of species, that the modern study of evolution began to take shape. 

Charles Darwin is considered the father of modern evolution. In on the origin of species, he outlined his view that species not only changed over time, but had been doing so for a very long time. Darwin proposed these changes occurred through time according to a mechanism called "survival of the fittest" or natural selection. Unfortunately, Darwin could not explain how natural selection caused the change in species because the field of genetics had not yet been discovered, much less studied. In the early 1900's, however, genetics became widely studied, and Darwin's theory found support in the evidence uncovered in this and other fields. In the 1940's, scientists from the fields of experimental genetics, population genetics, natural history, and paleontology pooled the evidence from their fields to create a modern theory of evolution that included a genetic explanation for Darwin's mechanism of natural selection. This theory, called the modern synthesis, is the most widely accepted theory of evolution today. 

​II. Evolution rate and selection rate:

If evolution depends on natural and sexual selection then it follows that the maximum rate at which evolution can proceed is dependent on the rate at which selections occur. According to Darwin, natural selections are accomplished by deaths of organisms that are less fit.  In other words, the natural selection rate is dependent on the death rate.

The rate at which a species could evolve could well determine whether a species will produce descendent species or become extinct without descendents.  Although some species have evolved relatively slowly, it is clear that the capability to evolve more rapidly is of value to other species.  The ability to evolve rapidly is more important for more complex species because more complex species are usually more specialized in their adaptation to their environment and therefore more sensitive to changes in their environment.  (We have seen previously that speciation involves increased specialization.)  If a species or variety could not adapt to changes in its prey which made the prey more adept at evading capture, or changes in predators which made them more effective hunters, it may well become extinct without leaving descendents.  Similarly, if a species was able to evolve more rapidly than its prey or predators, its population would reasonably be expected to increase.

At the same time, evolution becomes progressively more difficult as organisms become more complex.

More complex organisms tend to be larger and require more resources than less complex organisms.  Their populations therefore tend to be smaller.  Their death rates and selection rates are therefore smaller.

More complex organisms also tend to take more time to develop.  Therefore they require a longer lifetime in order to reach full maturity.  Because their lifetimes are longer, their death rates are proportionately less even for the same size population.

III. Evolutionary genetic processes:

There are at least five separate processes involved in the evolutionary modification of the genetic code of organisms:

1.) The first and most rapid process; is the shuffling of the variable elements (i.e. single nucleotide polymorphisms) of the code through crossover and meiosis. 

2.) In the second process; natural selection or selective breeding increases or decreases the population density of specific variations. We can easily observe the effects of this second process in breeding experiments or in observations of domesticated species.

3.) In the third process; errors in copying code (mutations) introduce new variable code elements in existing genes (e.g. Single nucleotide substitutions). A simple mutation such as a single letter substitution cannot alter a gene that does not already exist and therefore is limited in the scope of the changes it could cause in the design or behavior of an organism. In order to increase in complexity, an organism would presumably need to have more genes, not just changes to existing genes.

4.) In the fourth process; new genes are duplicated of copying errors. The third process could then differentially modify the two genes such that they produce different proteins and thereby have more substantially different functions. In this way, additional genetic functions can be produced.

5.) In the fifth process; genes are moved, or transposed, to different positions in the genome. Although such transposition does not affect the gene’s function it does, because of the genetic distance principal, alter the inheritance patterns of genes and thereby alter evolution.

IV. Mechanisms of evolutionary change:

Each of the following processes is a basic mechanism for evolution:

1.) Mutation:

A mutation could cause parents with genes for bright green coloration to have offspring with a gene for brown coloration. That would make the genes for brown beetles more frequent in the population.

[image: Mutation]

2.) Migration:

Some individuals from a population of brown beetles might have joined a population of green beetles. That would make the genes for brown beetles more frequent in the green beetle population.

––––––––
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3.) Genetic drift:

Imagine that in one generation, two brown beetles happened to have four offspring survive to reproduce. Several green beetles were killed when someone stepped on them and had no offspring. The next generation would have a few more brown beetles than the previous generation — but just by chance. These chance changes from generation to generation are known as genetic drift.

[image: Genetic drift]

4.) Natural selection:

Imagine that green beetles are easier for birds to spot (and hence, eat). Brown beetles are a little more likely to survive to produce offspring. They pass their genes for brown coloration on to their offspring. So in the next generation, brown beetles are more common than in the previous generation.

[image: Natural Selection]

All of these mechanisms can cause changes in the frequencies of genes in populations, and so all of them are mechanisms of evolutionary change. However, natural selection and genetic drift cannot operate unless there is genetic variation — that is, unless some individuals are genetically different from others. If the population of beetles were 100% green, selection and drift would not have any effect because their genetic make-up could not change.

So, what are the sources of genetic variation?

V. Genetic variation:

Without genetic variation, some of the basic mechanisms of evolutionary change cannot operate. There are three primary sources of genetic variation, which we will learn more about:

1.) Mutations: are changes in the DNA or in a single code or chromosomal aberration. A single mutation can have a large effect, but in many cases, evolutionary change is based on the accumulation of many mutations. 

2.) Gene flow: is any movement of genes from one population to another and is an important source of genetic variation. 

3.) Sex: can introduce new gene combinations into a population. This genetic shuffling is another important source of genetic variation.  

––––––––
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Genetic shuffling is a source of variation

VI. Mutation selection balance:

Natural selection results in the reduction of genetic variation through the elimination of maladapted individuals and consequently of the mutations that caused the maladaptation. At the same time, new mutations occur, resulting in a mutation-selection balance. The exact outcome of the two processes depends both on the rate at which new mutations occur and on the strength of the natural selection, which is a function of how unfavorable the mutation proves to be. Consequently, changes in the mutation rate or the selection pressure will result in a different mutation-selection balance.

VII. Evolution and genetic diversity:

Another factor which affects evolution effectiveness is genetic diversity.  Matings between relatively dissimilar individuals would tend to enhance evolution relative to matings between relatively more similar individuals because natural selection is selecting among the differences and the greater the differences the more opportunity for beneficial selection.  As an illustration of this in the ultimate limit case, consider what would happen in a population of animals consisting entirely of identical clones: evolution would be impossible because there would be no differences between the individual animals for natural or sexual selection to select!

Generally, there are three main hypotheses for what caused the diversification of animals:

A- Ecological causes: The emergence of predator-prey relationships led to a diversity of evolutionary adaptations, such as various kinds of protective shells and diverse modes of locomotion.

B- Geological causes: Atmospheric oxygen may have finally reached high enough concentrations to support more active metabolism.

C- Genetic causes: Much of the diversity in body form among animal phyla is associated with variations in the spatial and temporal expression of Hox genes within the embryo.

- NOTE: 

The animal diversification will discuss in details in the origin of species in part V. 

VIII. Random genetic drift:

Most of us are familiar with natural selection as one of the mechanisms of evolution. A random genetic drift can be another well-known mechanism for evolution. This is a mechanism that results in fixation (or loss) of alleles by purely random processes. Unless you deny the existence of random genetic drift, you must agree that some of evolution is entirely due to chance events. The controversy is over how much of evolution is due to drift and how much is due to natural selection. Excellent arguments have been advanced to prove that most of evolution is due to random genetic drift and that's the position I take. Thus, in a discussion about the role of chance and accident in evolution, I would say that most of evolution is accidental because of the frequency of drift vs. selection. Note that this says nothing about the perceived importance of these mechanisms. That's a value judgment. Some evolutionists think that adaptation, or evolution by natural selection, is the only interesting part of evolution. These evolutionists don't deny that random genetic drift occurs; instead, they simply relegate it to the category of uninteresting phenomena. Others, like me, think that random genetic drift is far more interesting than natural selection because drift is responsible for junk DNA, molecular phylogenies, molecular clocks, and DNA fingerprinting.

Whenever you hear someone denying the role of chance in evolution you can be certain they are ignoring random genetic drift. In some cases, this is because they don't even know about drift. Those people are easy to spot because they usually reveal their ignorance of evolution in other ways. In other cases, the chance-deniers are well aware of the existence of random genetic drift but they choose to define it out of evolution. Sometimes they specifically say that evolution by drift isn't really evolution. More often, they will use terms like "Darwinism" to describe evolution.

Technically, Darwinism can be construed to mean only evolution by natural selection so this is an acceptable way of avoiding the topic of drift. However, if you read closely, you'll see that these writers are often very sloppy about using ""Darwinism" to describe their interests. The term often fills in for all of evolution in a sort of rhetorical sleight of hand. Thus, this group of chance-deniers tends to eliminate chance from evolution by re-defining evolution so that it only applies to natural selection. As you might expect, those who choose to eliminate chance by redefinition are usually the same people that are only interested in natural selection.

If adaptationists were being really honest, they would take the time to make their point very clear. I think they should say something like, "If we ignore random genetic drift, for the reasons that we have just given, then evolution is not a random process." Or perhaps they could say, "Much of evolution is truly random but I'm only interested in the part that isn't." Notably, genetic drift causes gene frequencies in a population to drift around over time. Some genes may even "drift out" of a population (i.e., just by chance, some gene may reach a frequency of zero). In general, this process has the effect of decreasing genetic variation within a population as a following:

In any generation:

The frequency (F) of allele distributed about mean value P with S.E. of

P(1-P)/2N

Where,

N= number of breeding individual

Thus, when population size increases, S.E. of P decreased.

For example:

Gene is two allele Aa= A (loss by environment) and 

a (transfer to 2nd generation largely than A).

With the time,

The population of A will disappear and the population will become a only. 

Where,

P0= Frequency of A at F1 (A=a).

µ= Mutation rate from A to a.

∆µ= Degree of deficiency of A= µ.P0

P1= Frequency of A at F2

So,

(1) After the first generation:

P1= P0-∆µ

= P0- µ.P0

= P0(1- µ)

(2) After the second generation:

P2= P1(1- µ)

= P0(1- µ). (1- µ)

= P0(1- µ)2

(3) In time (t): 

Pt= P0(1- µ)t

- The Meaning of Chance:

Before continuing, we have to address another semantic issue. Philosophers will argue that there is no such thing as chance, randomness, and accident. They will point out, quite correctly, that almost everything has a cause. For example, if the allele for O-type blood became fixed in some native North American populations by random genetic drift—as it did—then this is not really a "random" event. Each and every step in the process had a cause even though it may have been as subtle as a tribe that had a favorable corn crop or a single tuberculosis bacterium that killed off a small child. The net result of millions of caused events was that the A and B alleles were eliminated from the population and everyone has O-type blood.

The point about every event having an ultimate cause is true. Taken to its logical conclusion, this is the line of argument that leads to the denial of free will and the triumph of determinism. While it's fun to argue these points over a few beers—and I don't deny that I've engaged in those arguments—it doesn't really impinge on the real world that we are dealing with here. After all, if we are going to deny that anything is random then we have to stop talking about the outcomes of coin flips and the spin of the roulette wheel. But that would be silly. We all know what we mean when we talk about chance events or accidents. We mean that such events are not predictable by any means at our disposal. We are contrasting such events with those, such as natural selection, that have an obvious cause and a (mostly) predictable outcome.

The main conclusion of this essay is that a large part of ongoing evolution is determined by stochastic events that might as well be called "chance" or "random." Furthermore, a good deal of the past history of life on Earth was the product of chance events, or accidents, that could not have been predicted. When I say "evolution by accident" I'm referring to all these events. This phrase is intended solely to distinguish "accidental" evolution from that which is determined by non-random natural selection. I will argue that evolution is fundamentally a random process, although this should not be interpreted to mean that all of evolution is entirely due to chance or accident. The end result of evolution by accident is modern species that do not look designed.

- Chance and Necessity:

Natural selection is an important mechanism of evolution. In negative selection, an unfavorable allele is eliminated from a population because it confers a phenotype that is detrimental to the individual. Individuals carrying this unfavorable allele will tend to have fewer offspring than those with a more beneficial allele. In positive selection, the individuals carrying the beneficial allele will prosper and eventually the beneficial allele will become fixed in the population so that everyone enjoys its phenotypic benefits.

New alleles arise because of mutation. If the new allele is detrimental it stands an excellent chance of being eliminated—this is negative, or purifying, selection. If the new allele is beneficial it has a significant chance of becoming fixed in the population by positive natural selection. The probability depends on just how beneficial the allele is, or on how fit the individual carrying it is relative to the rest of the population. The probability also depends on the size of the population. The numbers have been worked out by population geneticists. 

It turns out that for large populations (>1000) the size of the population can be ignored and the probability of fixation of any beneficial allele is P = 2s. This means that if a new mutation happens to produce an allele that confers a 5% (s = 0.05) advantage, then there's a 10% (2s = 2 × 0.05 = 0.10) chance that it will be fixed in the population by natural selection. This probability is much higher than the probability that a neutral allele (s = 0) will be fixed by random genetic drift. This is why natural selection is not random.

Natural selection is a non-random process because there is a preferred outcome but mutation is, to all intents and purposes, random. This is what Jacques Monod means when he refers to evolution as a combination of chance and necessity. The "chance" is the randomness of mutation and mutations supply the raw material for evolution. The "necesssity" is the non-random process of natural selection.

Monod points out that the underlying cause of evolution depends entirely on chance mutations this means that evolution is fundamentally random. In the following passage from his book "Chance and Necessity" he begins by describing the various classes of mutation; substitutions, deletions/insertions, and "scrambling" of chromosomes. He goes on to state clearly what this means for an understanding of evolution.

We call these events accidental; we say that they are random occurrences. And since they constitute the only possible source of modifications in the genetic text, itself the sole repository of the organism's hereditary structures, it necessarily follows that chance alone is at the source of every innovation, of all creation in the biosphere. Pure chance, absolutely free but blind, at the very root of the stupendous edifice of evolution: this central concept of modern biology is no longer one among other possible or even conceivable hypotheses. It is today the sole conceivable hypothesis, the only one that squares with observed and tested fact.

As you can see, Jacques Monod is a strong supporter of evolution by accident. Note that Monod is not even referring to random genetic drift or to accidental events during the history of life. He has focused entirely on the relationship between mutation and natural selection and comes down on the side of "pure chance, absolutely free but blind." 
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