A is for Adaptation:

Living things that are adapted survive.  Darwin called this the “survival of the fittest.”  The black butterfly on the white background is the one that gets eaten.  When it is eaten, the genes it carries for black color are taken out of the gene pool.  The genetic significance of adaptation is that the genes for traits that are not adaptive, do not make the creature more fit, are taken out of the gene pool.

The gene pool is the collection of genes currently carried by all the members of a breeding group (population).  Evolution is all about gene pools.  Individuals are only temporary carriers of the genes they got from their parents.

If adapted individuals can invade a new environment, it is important only if other individuals they breed with can invade it too.  If a whole population can be established, that population will tend to adapt to the new environment, because unfit individuals will not survive.  Their genes for traits that make them unfit will perish with them.  This is what Darwin called “natural selection.”

One result of natural selection is “adaptive radiation.”

When individuals move into new environments, they develop new adaptations.  Sometimes they move into new roles in an environment.  They may take to air, water, new ways of getting food and energy.  This adaptation to a number of new ways of living that takes place when new environmental opportunities open up is what is meant by “radiation.”

B is for Balanced Polymorphism:

Theodosius Dobzhansky was a professor at Columbia University.  He was one of the founders of the new science of “population genetics.”  The new Neo-Darwian approach to evolution was the result of the work of Dobzhansky, E. Mayr, B. Rensch, J. Huxley, S. Wright, Stebbins, J.B.S. Haldane, and others.

Dobzhansky’s great discovery was made by the study of collections of vinegar flies from the mountain of Southern California.  He maintained these flies for generations in culture bottles.  He discovered something in the study of these flies that revolutionized his understanding of biology.

Hybrid flies had “hybrid vigor.”  Hybrid vigor means the greater fitness of individuals that are hybrids, that are the result of breeding between very different individuals.  The word “heterozygous” refers to having different genes.  The word “homozygous” means to have the same genes.

Dobzhansky was working with flies that were heterozygous not just for the genes themselves, but for the chromosome types that carried the genes.  Dobzhansky found that in most cases these hybrid heterozygous types were more fit, more adapted, than the homozygous types that were not hybrids between very different parents.

When the heterozygote, the hybrid, is more fit than its parents, natural selection will produce “polymorphism.”

It will produce “balanced polymorphism.”

C is for Chromosome:

Genes are on chromosomes.  Genes on the same chromosome are linked together.  Nature tries to create more variation by pairing chromosomes of the same type during the cell division that makes eggs and sperms and exchanging genetic material between chromosomes of a pair.  This exchange of genes between paired chromosomes is called “crossing over.”  It is the reason that no two sperms or eggs are alike.  This process shuffles the genetic card deck.  This shuffling of genes is called “recombination.”

The chromosomes of the vinegar fly have internal rearrangements that prevent crossing over and recombination in certain portions of the chromosome; the genes in these rearranged segments are inherited as a unit.  The fly either gets them or it doesn’t.

Populations of vinegar flies from 850 feet had the same chromosomes variations as those from 9,900 feet.  But, these variations were present in collections of flies from the local populations in very different quantities.  Some rearranged chromosomes had genes that adapted flies to low elevations and some had genes that adapted flies to high elevations.

The wild populations were polymorphic (many-forms); they contained many forms, many combinations of the possible chromosome variants.  There were always some individuals present that were homozygous.

D is for Darwin:

Charles Darwin developed our current idea of evolution based on observations he made in a lifetime of studying biology.  In his early years he was naturalist on board a ship called the “Beagle.”  This ship was on a voyage to explore the natural history of South America.  Darwin was impressed with the types of animals he found on the Galapagos Islands of the coast west coast of South America.

In 1859, Darwin published a book called “On the Origin of Species.”  This book was published in response to an article written by another naturalist expressing similar views (Wallace).  Darwin pointed out that every living thing needs resources to survive and these resources are always limited.  When living things reproduce and produce more offspring, there are natural limits to the expansion of their numbers.  At a certain point they will use up some critical resource and the least adapted individuals of their kind will begin to die and their genes will die with them.

However, Darwin did not have the benefit of our modern understanding of genetics.  It was many years before the discovery of Mendel’s work established genetics as a science.  It was many years more before the role of mutation (a change in the genetic code) was understood.  It was many years more before the role of chromosomes as gene carriers became clear.  The DNA code basis of the gene is a discovery that had to wait till the later half of the Twentieth Century.

E is for Evolution:

The infinite ground of being creates concentrations of energy.  This local universe uses the concentration of energy that generated it to power all of its processes.  The original concentration of energy that produced the universe is known as the “Big Bang.”  The big bang created the building blocks from which the present distribution of galaxies was formed.

The Sun is the local star that radiates this primal energy.  According to the laws of thermodynamics, energy is neither created nor destroyed and flows from where it is to where it isn’t.  The tendency for energy to become dispersed is called a movement toward “entropy.”  Some believe that evolution and the movement toward entropy are the same thing.

As energy moves toward entropy it drives the storage of information in energy dissipative structures.  When this information comes to be organized into codes, genetic processes emerge allowing natural selection for systems that are adapted to local conditions.

Genetic evolution is driven by natural selection.  Effective genetic evolution requires mutation to create new genes and mechanism for the recombination of existing genes.  Since genetic evolution takes place in populations of gene carrying organisms, there must be mechanisms for isolating gene pools and adjusting isolating mechanisms where possible.

F is for Fitness:

Evolution is not just about fitness.  It is also about adaptability, about the ability to respond to environmental changes when they occur.  In order to do this there must be enough variability in the information in the gene pool, or the ability to bring in new genes through genetic change (mutation), or through hybridization.

Plants are more likely to use hybridization as a way to obtain new genes than animals are.  Plants are also more likely to use changes in chromosome number and chromosome arrangement as a way of altering the genetic balance.   In most cases, the chemical balance in most animals is too delicate for these radical methods of generating genetic adaptability to work out.

Dobzhansky discovered that the fittest forms of vinegar fly were most often heterozygous for gene containing chromosome rearrangements.  The homozygous types persisted in the population because Mendelian ratios yield one homozygote of each kind for every two heterozygotes.

A population with more than one kind of trait is called “polymorphic.”  

Dobzhansky found that there was natural selection for a particular balance of genes that was most fit, most adapted to the environment where the vinegar flies were collected.  As you went up the mountainside there would gradually be more and more of a chromosome rearrangement with genes that made the fly more fit for life at high altitudes.

G is for Gene Pool:

Evolution is change in gene frequency.  Evolution works on populations.  The individual is only a temporary carrier of the genes.  There are no superior genes, only superior gene combinations for particular situations.  There are no superior individuals, only superior adaptive strategies for temporary local conditions.

The gene pool must maintain its variability even at the expense of high mutation rates that create many lethal (killer) and semi-lethal genes.  Predators and parasites, virus particles, bacteria, fungi, parasitic protozoa are constantly evolving new forms that attack living things.  

To prevent from being destroyed by these evolving enemies, living things invented ways of generating variability such as sexual reproduction.

Sexual reproduction recombines genes.  It stores genes in the living flesh of the members of its interbreeding groups (populations).  Adaptation and fitness have to do with populations.  Less fit individuals will be maintained in the population because they are homozygous carriers of the adaptive heterozygous gene combinations.

Dobzhansky called the condition he discovered in the vinegar fly “balanced polymorphism” because natural selection seemed to favor a balance between the various possible genetic types that favored the heterozygous and homozygous combinations of genes most fit for a habitat.

H is for Habitat:

Living things must adapt to their environment.  They must adapt to the role (niche) they play in their environment.  They must adapt to the other living things in that environment.  They must adapt to the predators and parasites that are constantly assaulting them and finding new ways to attack them.

The environment is constantly changing.  The climate changes.  The living things present mutate and change.  There are new kinds of predators, new relationships of predator and prey, new kinds of disease.  Living things must adapt or perish.  The rule of life is that most lines of evolution, most populations become extinct.  It is a rare population that survives in any form.  The screen of extinction screens out all but the very fit and the very adaptable.

Living things are adapted to their habitat not just because the fit individuals survived to become their ancestors.  Only the fit populations survived, only the fit species survived, only the fit genera and families survived.  Extreme conditions in the environment, extreme changes in the climate of the habitat selected out all but the utterly adapted and the utterly adaptable.

The spectacular beauty of nature reflects the sharpness of the knife that selected out what would and would not survive over the billions of years that life has been on the planet.

I is for Isolation:

Isolation is a vital tool of evolution.  Natural selection cannot create a species by itself.  Existing adaptations swamp any new mutations.  New genes can get themselves established because they are overwhelmed by the old.  Isolation fragments large populations into small groups.

Small groups are where most evolution takes place.

 Small populations can be like tiny laboratories where nature can experiment with new combinations of old and mutant (new) genes.  When extreme environmental conditions wipe out all the small populations that can’t adapt, new forms may be left they may represent a radically different approach to survival.

There are many ways that populations become isolated.  Geographic isolation is the most common mechanism.  A bird may carry seeds of a species to an off shore island.  A geologic change, a climatic change, may cut off a population leaving it isolated from others once nearby.

As geographically isolated populations accumulate mutations that make them different, they may gradually become so altered that they are unable to breed with members of the parent population should the isolated population ever come back in contact with the parent.

If there are only a few genetic differences, the isolated population is only a separate race or variety.  If the differences are significant, it is a separate subspecies.

J is for Jumping Genes:

Plants have a less delicate balance in their protoplasm chemistry than animals do.  Plants will successfully experiment with genetic variations that would not be possible for animals.  Some plants with fertilize themselves.  Others will produce hybrids with other species.  Sometimes they will duplicate their chromosomes in order to do this combining complete chromosome complements from both parental species.

Barbara McClintock worked with corn genetics and found indications of jumping genes in corn, genes that seemed to jump from location to location.  The discovery of the DNA basis of genes has shown that the DNA moves around more than was expected.  When it moves it can carry genetic information with it.

Bacteria have a number of genetic transforming factors that can carry genetic DNA in and out of the bacteria cell.  Bacteria have little bits of DNA in bodies called “plasmids” that allow genes to be exchanged from cell to cell.  “Transpoons” are bits of genetic material that move directly, or through copies from place to place in the chromosomes.  Transpoons are jumping genes.

A virus is a bit of RNA or DNA in a protein coat.  Virus DNA seems to be able to insert itself in the DNA of creatures it infects.  Sometimes it carries other genetic material with it including oncogenes (cancer causing genes).

K is for Karyotype:

A karyotype is a diagram or picture of the chromosomes that carry the genes.  Humans have 23 pairs of regular chromosomes (autosomes) and one pair of sex chromosomes.  An X and a Y in males and an XX in females.  Because the genes on a chromosome are linked together, an creature can regulate its adaptability by making changes in its karyotype.

Although there is crossing over within a chromosome, the process is not perfect.  To completely assure that random assortment of genes, it is more effective to put them on separate chromosome.  If it is important to have two genes linked together because they complement each other, then moving them close together so that they are more closely linked might help survival.

Polymorphism means the existence of more than one form in a population.  The polymorphism in the vinegar flies studied by Dobzhansky was accomplished by rearrangements of material within the chromosome that prevented crossing over within the rearranged area causing whole groups of genes to be inherited as a unit.

If linkage and rearrangement of chromosomal material is a way of keeping genes together, transpoons, crossing over, jumping genes, separate chromosomes are ways of shuffling genes around.  Sexual reproduction is a way of redistributing genes within a species.  Virus particles and plasmids can carry genes between species.

L is for Locus:

A locus is a site on a chromosome where a gene is normally found.  Genetic engineering is the study of ways of inserting new genes in living things.  These genes might be from a very different kind of creature.  The genes might be inserted in the cytoplasm of the cell or in at a particular locus in the DNA of the chromosomes in the nucleus.

Generally when chromosomes pair at the time of the cell division that forms eggs and sperms, they pair locus to locus.  If chromosomes are too different they cannot pair.  When the chromosomes fail to pair, they cannot separate properly and they fail to sort evenly into the daughter cells.  As a result the eggs and sperms produced cannot survive.  That is why hybrid animals like a mule (hybrid between a horse and a donkey) are not fertile, cannot produce enough living eggs and sperms to reproduce.

Plants often produce hybrids by doubling the total number of chromosomes to produce polyploids (cells with double the normal number of chromosomes.  Polyploids are usually fertile because the chromosomes of each set pair with each other.  Polyploidy does not work in animals because it make the cells too big.  Large cells are not as much a problem in photosynthetic plants.  Many of our crop plants like corn and wheat are polyploid hybrids of wild plants.

In general, if creatures have fertile hybrids they belong to the same species, if the hybrids are sterile, the same genus.

M is for Mutation:

When the environment is stable and the population is large, most changes in the genes (mutations) will have a bad effect.  The more the environment changes, the more mutations that are produced, and the smaller the population, the higher the probability that there will be a mutation that confers an advantage.  The creation of a new species was observed by Harlan Lewis of the University of California, Los Angeles, in the genus Clarkia.  This new species emerged in a very small population in an extremely dry year.

Humans have a relatively high mutation rate.  This high mutation rate allowed us to make the genetic changes that transformed us from a forest ape to an up-right tool user.

Unfortunately our large populations and low amounts of natural selection cause these mutations to simply accumulate in the population and produce deformities and defects.  The small populations and low levels of survival required from real evolution are no longer present.  The human species has stopped evolving.

The effect of a mutation cannot be predicted.  Genes are information, coded in the base units of the DNA molecules of chromosomes, that tells the cell how to assemble amino acids to make proteins.  Some mutations have no effect at all because they occur in DNA that just happens to have nonsense, that does not really code for anything at all.  Some changes in amino acids don’t much change the final protein.  Others may have may have lethal results.

N is for Natural Selection:

Natural selection is the result of some creatures and dying and others living, of some having more surviving offspring than others.  In technical terms it is the interaction of living things and their environment causing a difference in the rate of survival and reproduction of the traits in a population.

Selection pressure is the force created when the environment, disease, predators, parasites or other factors kill off most of a population.  The greater the kill, the greater the decrease in reproduction, the greater the pressure.  Selection pressure is on the traits, what is called the “phenotype.”

Natural selection does not directly generate evolution, change in the genotype.  Natural selection changes the survival of traits.  It eliminates unfit phenotypes.  It eliminates unfit genotypes only to the degree that the phenotype reflects the genotype.  The pressure is greater on dominant genes.  Recessive genes and genes that do not always directly affect the visible traits (these are called genes with “reduced penetrance”) will not be remove by selection as easily.

This is the problem with inbreeding.  It generates individuals homozygous for recessive genes that may not have been fully screened by selection, genes that may persist in the population only because of the heterozygote, only because they are effective in the hybrid.

O is for Overpopulation:

Overpopulation was a key factor in Darwin’s writings.  When a population became too large, or when it came into contact with large growing competing populations, environmental resources would become limiting.  Only individuals that were adapted to the limited resources would survive and reproduce.  The unfit phenotypes would be removed from the population and the fit phenotypes would be selected by that removal as members of the pool from which future genotypes would be drawn.

Overpopulation and environmental change were major factors increasing selection pressure, increasing the likelihood that some phenotypes would survive and others wouldn’t.  Increasing the likelihood that changes in phenotype would cause changes in genotype, would cause the changes in gene frequency that characterize evolution.

Later research would demonstrate that underpopulation was important too.  If some disease or environmental disaster suddenly eliminated a population of creatures, its niche (it way of getting food, of maintaining life) would now be open.  Adaptable neighboring populations might take this opportunity to move into the underpopulated niche.  When some internal or external change opens up a number of such new niches, the result is “adaptive radiation.”

The first animals and plants on land were exposed to an underpopulated environment.  There was nothing to compete with.  They began adaptive radiations. 

P is for Populations:

Darwin developed the idea of natural selection.  The nature of the genetic code was not understood in Darwin’s time. Investigators like Dobzhansky would develop the notion of evolution as a function of population genetics in the 20th Century, a hundred years after Darwin published “On the Origin of Species.”

The idea of the human species as a population carrying a pool of genes evolving into new combinations was developed in Dobzhansky’s book “Mankind Evolving.”

In this book Dobzhansky shows that older notions of racial superiority and breeding pure lines of superior individuals were based on a false understanding of the population genetics that is the source of all human genetic variation.

There appear to be many human genes that confer an advantage when present in the hybrid (heterozygote) but are disadvantageous when inbred (in the homozygote).  One example is the gene for sickle cell anemia.  The heterozygote (one dose of the gene) confers a degree of resistance to malaria, the homozygote (two doses of the gene) creates a life threatening condition in the blood cells.  

Population genetics views evolution as change in gene frequency.  The frequency of a gene in a population has mathematics that was studied by Sewell Wright.  The Hardy-Weinberg equilibrium is an equation that shows that genetic recombination does not change gene frequency within a population.  The genes remain in a steady state.

Q is for Quantitative:

Population genetics allows us to look at the quantitative aspect of genetic combinations.  Evolution becomes a branch of mathematics that studies changes in gene frequency within populations of interbreeding creatures.

The Hardy-Weinberg equilibrium (the square of allele p + 2pq + the square of allele q = 1) tells us the relative frequency of one form of a gene (allele) in relationship to an alternative form of the gene within a population.  This formula is as important to population genetics as Mendel’s laws are to genetics.  It shows that gene frequencies tend to remain stable within a population regardless of the way that they are recombined.

Selection pressure is the major source of change in gene frequency and therefore of the evolution of populations.  Mutations, chemical changes in the genes, is another source of changes in gene frequency.  Generally mutations occur at random (by chance).  Alterations in the structures and chemistry of the cell seem to have some influence on the rates at which mutations occur.  To a limited extent, the population’s genes can increase or decrease the rate at which mutations appear. 

These mathematical considerations have generated arguments about the possibility of “altruistic” vs. “selfish” genes.  Genes survive or perish as individual units.  But, they do so within interacting populations where the traits produced by one gene affect those induced by another.

R is for Race:

Theodosius Dobzhanky’s “Mankind Evolving” makes a major case against racism.  The human population is remarkably homogenous.  There are few differences between one population and another.  Most of our attempts to classify humans by race have failed to show consistent differences in genes that are correlated with differences in physical traits.  In general, we are much more alike than we are different.

Where there are differences, they confer advantages rather than disadvantages.  Natural selection acts more effectively on dominant genes and hybrid gene pairs.  Generally, the most fit humans are the hybrids that are heterozygous rather than homozygous.

Our high mutation rates are constantly producing new genes, mutant genes.  Generally these genes are recessive.  Hybridization of different human populations makes it less likely that offspring will get the two doses (homozygous condition) of a gene necessary to bring out one of these recessive mutant traits.  Thus, the racism of Nazi Germany was not only immoral, it was also bad genetics.  It was based on biased scientific data.

Hybridization between racial groups is our best defense against the mutations being generated by our high mutation rate until genetic engineering develops the level of sophistication needed to make interventions to eliminate, repair, or prevent genetic damage.

S is for Social Darwinism:

The Social Darwinists misunderstood Darwin’s theory.  They equated wealth with fitness in the struggle for existence.  Unregulated free enterprise was seen as allowing a kind of natural selection in which only the fittest survived.  The Social Darwinists went on to jump to the conclusion that there was a competition between races, social classes, and nations in which only the most fit survived.

Hitler perverted this into the notion of the Germans as a “master race” that was genetically superior, that should rule the world because of its superiority in the struggle for existence.  Dobzhansky points out the fallacies in this reasoning.  The genes do not transmit cultural traits.  The genes transmit the ability to learn cultural traits.

This ability to learn new cultural traits is found uniformly through all groups, all races, all nations, all social classes.  Differences between one culture and another are the result of learned rather than inherited characteristics.  Cultural information is not transmitted the same way that biological information is transmitted.  Culture is a cooperative thing.

Cooperation and mutual respect is more important than competition in most learning processes and in most cultural progress.  Where individualism is desirable, it needs to be balanced with the social traits that are common to all human beings.  Humans are unable to survive outside of the cooperative societies natural to the species.

T is for Time:

Evolution takes place through geologic time.  As evolution goes on, the energy that drives the process decays toward disorder (entropy).  However, since information is weightless, the amounts of information that can be stored as a result of information storing processes driven by this energy flow are virtually unlimited.  Entropy drives the information collecting process toward the emergence of higher and higher levels of organization.  Each level has a more sophisticated way of storing information.

The early history of the universe involves the emergence of information at wave, particle, atomic, and molecular levels.

Molecular information storage made possible the development of molecular information controlled systems that were the ancestors of our genetic systems.  As these systems evolved, they developed the ability to store information in memory codes (Dawkins calls them memes) and, the evolution of humans, in language codes.

Language based information systems involve cooperative information storage processes that are necessarily democratic in nature.  The ideas of Social Darwinism do not apply to these higher level information systems.  Higher information evolution is no more like biological evolution than biological evolution is like particle evolution.

Biological evolution provides the basic equipment needed for the development of the social platforms on which these higher systems are built.  It has no relevance to the moral, rational, and legal issues typical of higher systems.

U is for Uniformity:

One of the reasons why humans are so effective at higher social systems is the relative uniformity of the human gene pool.  All races possess all the necessary verbal and technical abilities necessary to participate in all the moral, legal, and cultural systems typical of higher levels of human information storage.

The tendency of the human population to favor the heterozygotes increases this uniformity.  Pure racial types are temporary stores of genes in the homozygous state needed to make the more vigorous hybrids (heterozygotes) that produce the more successful phenotypes.

The reason that some local populations seem inferior is not a result of inferior genes but a result of poor nutrition and poverty caused by limited access to the advantages available in more sophisticated cultural systems.  In addition many of these populations are more homozygous as a result of their smaller size. They fail to have access to the hybridization and heterozygosity available to those who dwell in the large urban complexes of the world great cities.  Their genes are not inferior, rather the homozygous state of their genes places them at a disadvantage.

On the other hand, these smaller more homozygous populations subject to more extreme environmental pressures may be the only instances where significant evolution is taking place in the human gene pool.

V is for Virus:

A virus is a bit of DNA or RNA wrapped in a protein coat.  DNA is what the genes are made of RNA is what they are copied on.  The discovery that the DNA of a virus can insert itself in the DNA of the chromosomes of living creatures is one of the revolutionary discoveries of modern biology.  It has set the stage for genetic engineering.  The conclusion is obvious, if a virus can move genes around, why can’t we control the process, or processes like it in order to modify the genes.

Viruses made of RNA get their genes into the chromosomes by having copies made of their genes that can be copied back into the DNA codes of the chromosomes.

Viruses are constantly going from organism to organism.  Many of the viruses that infect us originally infected the domestic animals that surround us.  It is possible that they carried some of the genes of these animals to us when they came to infect us and use our genetic systems to reproduce their virus genes.

Viruses may be an important way of recombining genes, or creating mutations by the disturbances they generate in existing genes.  Viruses may be a means of transmitting genes between organisms that are too different to hybridize with each other.  Viruses have no cells.  They use the cells they infect to do their work.

W is for Wallace and Wright:

Alfred Russel Wallace was a naturalist who presented his theory of evolution of species to Darwin in 1858.  This resulted in Darwin publishing his “On the Origin of Species” in 1859.  Wallace was a butterfly collector who had explored both the Amazon and the Malay archipelago.

Little was known about genetics in the time of Wallace.  What naturalists like Wallace were able to observe was the way that phenotypic traits varied as the environment varied.

Sewell Wright was a geneticist who worked a hundred years after Wallace.  Using the Hardy-Weinberg equilibrium and what was known of Mendel’s laws of inheritance, Wright was able to created mathematical models that explained how genes moved through populations.

Wright rejected the idea that it was possible to have one best homozygous human genotype.  Wright discussed how some populations could be divided up into tiny groups.  In populations that were small enough, random factors could cause some genes to be dominant.  This random factor that effects genetic changes in small populations is called “genetic drift.” Genetic drift may have been important in some small populations of humans.  The importance of genetic drift can be seen in situations where only small numbers of individuals get to some isolated spot such as an island.  The genes the founders happened to have will characterize the new population.

X is for X Chromosome:

Sex in humans is controlled by a small pair of chromosomes called the “sex chromosomes.”  If an individual gets an X and a Y he is a male.  If an individual gets and X and an X she is a female.  The female chromosome appears to be longer and has more genes on it.  

Genes found only on a sex chromosome are called “sex-linked” characteristics.  Examples are color blindness and baldness, which are on the X chromosome and show up more often in males because males get only one X chromosome and therefore have only one chance to get a gene that causes their hair to stay in or gives them the ability to see colors.

Sex linked genes show the advantage of the heterozygote, of the hybrid condition.  The great advantages that females appear to have over males in survival and ability to resist diseases, their lower rates of criminal behavior, learning disabilities, and physical disease are probably just the product of physiological differences.  Yet, in a least some traits, the tiny little bit of extra DNA present in the female X chromosome seems to make a major difference.

Males get their Y chromosomes only from their fathers and their X chromosomes only from their mothers.  There are also genes in the cytoplasm.  There is a small amount of genetic material, of DNA, in the mitochondria.  Both males and females get all of their mitochondria DNA from their mothers.  

Y is for Y Chromosome:

Since Y chromosomes are gotten only from fathers, it is possible to trace paternal inheritance through the male Y chromosomes.  The male lines descending from Thomas Jefferson will have Y chromosomes that can be traced to Jefferson.  This fact has been used to demonstrate that he had male children by one of his slaves.

The genes in the mitochondria are inherited strictly from the mother.  That is how some scientists concluded that all humans had descended from a single mother that lived in Africa around two hundred thousand years ago.  That hypothesis has been questioned.  However evidence from examining the genes in our mitochondria indicates that we are very closely related to the great apes (we differ from them in only 1 to 2 percent of our genes) and that all humans have originated from the same relatively small group of ancestors not that long ago as geological and evolutionary time goes.

The reason that humans have X and Y chromosomes is to assure that there is adequate differentiation of the sexes.  This is important in a species that assigns different roles to each of the sexes in parenting children.  The reason that humans and other animals have sexes is to make sexual reproduction possible.  Sexual reproduction is necessary because it increases the diversity of living things and increases their adaptability.  High rates of adaptability are necessary to respond to the constant evolution of new kinds of diseases and parasites.

Z is for Zygote:

The ideal human zygote is not a pure breed but a hybrid.  Humans need to hybridize in order to survive.  This can be seen in the death of most of the North American Indians except for the mestisos, hybrids between the Aztecs and Mayans and the Spanish.  Most pure breed Indians died because they had no resistance to European diseases.

The half-breeds survived because they inherited resistance to disease from their European parent and unique genetic adaptations for survival from their Indian parents.  These half-breeds show the so-called “hybrid-vigor” that gives hybrid corn and wheat superior qualities.

Even so there is no such thing as a superior human genotype or race.  Cultural qualities have cultural origins.  All genetic differences do is provide variations in temperament.  With few exceptions, environmental and cultural factors are the major determinants of human behavior.  Studies that compare identical twins are fundamentally flawed.

The author has experienced this on a personal basis.  His grandfather was an identical twin.  Even, though they looked alike and were raised together, the social and behavioral differences between them were far greater than their similarities.  There are certain exceptions, however.  Evidence from twin studies indicates that exclusive homosexuality is a genetically determined trait.

