Chapter 9




VARIATION
Mutations and recombinations give rise to variation among organisms.

This genetic variation is the foundation of evolution. 

Phenotype refers to the external appearance of the organism, e.g. Seed shape: round or wrinkled; it also includes internal anatomy, physiology and behavior.

Genotype refers to the genetic makeup of the organism.

· Individuals with the same appearance (phenotype) may differ in their genetic makeup (genotype).

Locus: a site on a chromosome or the gene that occupies that site.

Allele refers to genes that govern variations of the same feature, e.g. yellow seed and green seed are determined by two alleles of the same gene.

Haplotype is one of the sequences of a gene or DNA segment that can be distinguished from homologous sequences by molecular methods such as DNS sequencing. 

Gene copy refers to the number of representatives of a gene. It does not distinguish between alleles.

· In a diploid population, each individual carries two copies of a gene, e.g. 100 individuals = 200 gene copies.

Allele copy distinguishes between alleles.

· A heterozygous individual has two copies of the gene, e.g. allele A1 and allele A2.

DISTINGUISHING COPIES OF PHENOTYPIC VARIATION

Individuals may differ in their phenotypes because of genetic differences, environmental differences or both. 

Maternal effects: effects of a mother on her offspring that are due not genes inherited from her, but rather to nongenetic influences, such as the amount or composition of yolk in her eggs, the amount and kind of maternal care or physiological condition while carrying the eggs or embryos. 

Congenital differences among individuals may be caused by genes, by nongenetic maternal effects or by environmental factors that act on the embryo before birth or hatching. 

To determine whether variation among individuals is genetic, environmental or both several methods can be used: 

· Testing for Mendelian inheritance by using the backcross method.

· Correlation between the average phenotype of offspring and that of their parents, or greater resemblance among siblings than among unrelated individuals. Suggests that genetic variation contributes to phenotypic variation. 

· Rearing offspring from different parents in a common environment for a few generations help to distinguish differences due to genotype from maternal or environmental effects.

FUNDAMENTAL PRINCIPLES OF GENETIC VARIATION IN POPULATIONS

· At any given locus, a population may contain two or more alleles that have arisen over time by mutations. 

· An allele may be more common that others and is often called the wild type.

· Some times two or more of the alleles are very common. 

· The relative commonness or rarity of an allele –its proportion of all gene copies in the population– is called the allele frequency.

· In sexual reproduction, alleles may combine forming a homozygous or heterozygous genotype.

· Genotype frequency is the proportion of a population that has a certain genotype.

Any alteration in genotype frequencies in one generation will alter the frequencies of the alleles carried by the population’s gametes when reproduction occurs. The genotype frequencies of the next generation will be altered as well.

Such alteration from generation to generation is the central process of evolutionary change. 

The factors that can cause the frequencies to change are the causes of evolution. 

FREQUENCIES OF ALLELES AND GENOTYPES: THE HARDY-WINBERG PRINCIPLE

The principles states that a population at genetic equilibrium, allele and genotype frequencies do not change from generation to generation.

The principle shows that the process of inheritance by itself does not cause changes in allele frequency.

It also explains why dominant alleles are not necessarily more common that recessive ones.

Punnett Square of the Hardy-Weinberg Equilibrium
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Example: p2 + 2pq + q2 = 1        where p is the frequency of the dominant allele B and q the frequency of 

the recessive allele b.

p2 is the frequency of AA.  2pq is the frequency of Aa.  q2 is the frequency of aa. 1 is the total population.

The allele frequencies do not change from one generation to the next. 

The genotype frequencies will remain unchanged. 

Departure from genetic equilibrium (Hardy-Weinberg principle) indicates the amount of evolutionary change.

Change from generation to generation is sometimes called microevolution.

THE SIGNIFICANCE OF THE HARDY-WEINBERG PRINCIPLE: FACTORS IN EVOLUTION.

The following conditions have to be met for a population to remain in genetic equilibrium.

1. Random mating. Each individual of the population has equal chance of mating.

· Panmictic: random interbreeding population.

2. No net mutations.  The frequencies of genes must not change due to mutations.

3. Large population size in order to avoid frequency changes due to random fluctuations.

4. No migration. There can be no exchange of genes with other populations that might have different allele frequencies.

· Mating among individuals from different populations is called gene flow or migration. 

5. No natural selection in order to avoid that some genotypes be favored over others.

The required conditions for the Hardy-Weinberg principle to work probably do not occur in the real world.

Inasmuch as nonrandom mating, chance gene flow, mutation, and selection can alter the frequencies of alleles and genotypes, these are the major factors that cause evolutionary change within populations. 

FREQUENCIES OF ALLELES, GENOTYPES, AND PHENOTYPES

At Hardy-Weinberg equilibrium, the frequency of heterozygotes is greatest when the alleles have equal frequencies. 

When an allele is very rare, almost all its carriers are heterozygotes. 

· This is called concealed genetic variation
INBREEDING

Inbreeding is a form of nonrandom mating.

Gene copies are identical by descent if the have descended, by replication, from a common ancestor.

Inbreeding, coefficient of: A measure of how close two people are genetically to each another. The coefficient of inbreeding, symbolized by the letter F, is the probability that a person with two identical genes received both genes from one ancestor.

http://www.medterms.com/script/main/art.asp?articlekey=3953
©1996-2007 MedicineNet, Inc.

If the genes are identical by descent, the individual is said to be autozygous.

In self-fertilization or selfing, all loci are affected equally. 

Inbreeding increases the proportion of homozygotes and decreases the proportion of heterozygotes. 

For a good explanation of inbreeding coefficient see: http://www.netpets.com/dogs/healthspa/demyst.html
GENETIC VARIATION IN NATURAL POPULATIONS.

Genetic polymorphism is the presence in a population of two or more variants, alleles or haplotypes. 

· Multiples alleles: human blood groups.

The term includes genetically determined phenotypes and variations at the molecular level. 

GENETIC VARIATION IN VIABILITY

Studies on fruit flies and the mortality of children from marriages between relatives have shown that organisms carry several lethal recessive genes. 

· The average person carries 3-5 lethal alleles acting between late fetal and adult stages (Morton et al., 1956)

These genes are lethal only in the homozygous condition.

Natural populations carry an enormous amount of concealed genetic variation. 

INBREEDING DEPRESSION

Populations with a high rate of inbreeding often show a decline in components of fitness like fecundity and survival. This decline is called inbreeding depression.

Inbreeding may increase the risk of extinction of small populations in the wild. 

Inbreeding is a problem in captive populations and is highly controlled in zoo populations.

GENETIC VARIATION IN PROTEINS

To know how much genetic variation is present in a population, it is necessary to find out what fraction of the loci are polymorphic, how many alleles are present in each locus, and what their frequencies are. 

Enzyme electrophoresis is used to find the polymorphic loci.

· About one third of them in Drosophila pseudoobscura.

· In one study, 28 our 71 loci were polymorphic in a human population.

· The estimated number of polymorphic loci in humans is 3000.

Variant forms of an enzyme are called allozymes. They are coded by different alleles in the same locus. 

Allozymes move at different rates depending on the amino acids that have been substituted. 

Almost every individual in a sexually reproducing species is genetically unique. 

VARIATION AT THE DNA LEVEL

DNA sequencing distinguishes the extent of synonymous and non-synonymous nucleotide substitutions in the amino acid coding region of the DNA.

It is also possible to compare changes in the coding and non-coding regions of the DNA. 

Chromosomal and mitochondrial DNA and RNA sequences have been used.

Considerable sequence variation, especially synonymous variation, has been found in most of the gene and organisms that have been studied.

MULTIPLE LOCI AND THE EFFECTS OF LINKAGE

Genes that are found on the same chromosome are said to be linked.

Linkage refers only to a physical association and not to a functional association.

Linked genes tend to be inherited together.

“Linkage disequilibrium is a term used in the study of population genetics for the non-random association of alleles at two or more loci, not necessarily on the same chromosome. It is not the same as linkage, which describes the association of two or more loci on a chromosome with limited recombination between them. Linkage disequilibrium describes a situation in which some combinations of alleles or genetic markers occur more or less frequently in a population than would be expected from a random formation of haplotypes from alleles based on their frequencies. Non-random associations between genes at different loci are measured by the degree of linkage disequilibrium (D).” http://en.wikipedia.org/wiki/Linkage_disequilibrium
If there is no association of the alleles, the loci are in linkage equilibrium.
“Two loci are in linkage equilibrium if genotype frequencies at one locus are independent of genotype frequencies at the second locus; otherwise the two loci are in linkage disequilibrium.” http://evotutor.org/EvoGen/EG4A.html
“What causes linkage disequilibrium? Recombination breaks down non-random genetic associations, and yet in some cases non-random associations exist. 

Four causes of linkage disequilibrium:

1. Natural selection. If selection favors individuals with particular combinations of alleles, then it produces linkage disequilibrium. It is this process that has most interested evolutionary biologists and is probably responsible for the Papilo memnon genes.

2. The linkage equilibrium has not yet been reached. It takes a number of generations for recombination to do its randomizing work and, particularly for tightly linked genes; linkage disequilibrium can persist for some time. 

3. Random drift in a finite population. Random processes can cause persistent linkage disequilibrium. If random sampling produces by chance an excess of a haplotype in a generation, linkage disequilibrium will have arisen. Any haplotype could be 'favored' by chance, so the disequilibrium is equally likely to have D > 0 or D < 0. As a population approaches linkage equilibrium, all random fluctuations in haplotype frequencies will tend to be away from the linkage equilibrium values; if a population is well away from the point of linkage equilibrium; random sampling is equally likely to move it towards, as away from the equilibrium. Most natural populations are probably near linkage equilibrium and then the balance between the random creation of linkage disequilibrium and its destruction by recombination, in small enough populations, is such that linkage disequilibrium will persist. 

4. Non-random mating. If individuals with gene A1 tend to mate with B1 types rather than B2 types, A1B1 haplotypes will have excess frequency over that for random mating.”
http://www.blackwellpublishing.com/ridley/tutorials/Multi-locus_population_genetics9.asp
VARIATION IN QUANTITATIVE TRAITS

Continuous (metric, quantitative, polygenic) variation of a character is the result of several genes located in different loci working to produce a give phenotype, e.g. nose shape and skin color in human.

These phenotypes vary along a continuous gradient. 

These variations are said to be polygenic because they depend on the interaction of several genes among themselves and with the environment. 

The proportion of the phenotypic variance that is due to genetic variation, genetic variance, is the heritability of the trait. 

ESTIMATING COMPONENTS OF VARIATION

The description and analysis of quantitative variation are based on statistical measures because the loci that contribute to quantitative variation generally cannot be singled out for study. 

The variance in a phenotypic character is the sum of genetic variance and environmental variance. 

· Each genotype in a population has an average phenotypic value.

· Individuals with that genotype vary in their phenotypes because of environmental influences. 

· The amount of variation among the averages of the different genotypes is the genetic variance

· The average amount of variation among individuals with the same genotype is the environmental variance. 

“By performing specific experiments quantitative geneticists can estimate the proportion of the total variance that is attributable to the total genetic variance and the environmental genetic variance. If geneticists are trying to improve a specific quantitative trait (such as crop yield or weight gain of an animal), estimates of the proportion of these variances to the total variance provide direction to their research. If a large portion of the variance is genetic, then gains can be made from selecting individuals with the metric value you wish to obtain. On the other hand if the genetic variance is low, which implies that the environmental variance is high, more success would be obtained if the environmental conditions under which the individual will be grown are optimized.”  Copyright © 1997. Phillip McClean  http://www.ndsu.edu/instruct/mcclean/plsc431/quantgen/qgen4.htm
Heritability is the variation of phenotypes due to genetic variation, genetic factors, in the population. 

In general, physical characters are highly heritable, e. g. finger length, height. 

RESPONSES TO ARTIFICIAL SELECTION

A character can be altered by selection only if it is genetically variable. 

Under artificial selection, the reproductive success of individuals is determined largely by a single characteristic chosen by the investigator, rather than by their overall capacity for survival and reproduction. 

Most of our domestic animals and plants are the result of artificial selection. 

Species contain genetic variation that could serve as the foundation for the evolution of almost all of their characteristics. 

VARIATION AMONG POPULATIONS

In a panmictic population all individuals have the potential to mate with all other individuals; there are no mating restrictions. 

Few species consist of a single panmictic population, e. g. Devil’s Hole pupfish, the eel Anguilla rostrata. 

Most species consist of separate population, with most mating taking place between members of the same population. 

Populations of a single species in different geographic areas often differ genetically. This is called geographic variation.

A subspecies or geographic race in zoological taxonomy means a recognizable distinct population or group of populations that occupies a different geographic area from other populations of the same species. 

In botanical taxonomy, subspecies names are sometimes given to sympatric, interbreeding forms. 

· Populations with overlapping range in which individuals frequently encounter each other are called sympatric, e. g. eastern subspecies of the Northern flicker. 

· Populations with adjacent non-overlapping ranges that come into contact are called parapatric, e. g. the hybrid zone of the Northern flicker in which hybrid forms of the eastern and western subspecies interbreed. 

· Populations with separated distributions are allopatric e. g. the eastern and western subspecies of the Northern flicker. 

A gradual change in a character or in allele frequencies over geographic distance is called a cline. 

· There is direct relationship between latitude and body size in mammals and birds; this cline has been called Bergmann’s rule. 

· Larger body size reduces the surface area relative to body mass reducing heat loss: an adaptive geographic variation. 

An ecotype is a population of a species adapted to a particular environment and having distinct characteristics different from other populations in other environments. 

· The distinct characters are the result of natural selection taking place in a specific environment.

“Populations of a species usually exhibit at least some degree of genetic differentiation among geographic localities. This geographic structuring has several causes, such as social structure, mating system, dispersal capability, cohesion of parents with their offspring and habitat fragmentation. These processes lead to certain patterns of gene flow, genetic recombination, natural selection and random drift, which in turn have an impact on the structure (Avise 1994).”

http://herkules.oulu.fi/isbn9514255364/html/x706.html
ADAPTIVE GEOGRAPHIC VARIATION

Some differences among populations are correlated with the environmental differences and appear to be adaptive. 

· Bergmann’s rule: latitudinal variation in body size.

· Allen’s rule: shorter appendages in colder climates.

· Gloger’s rule: pale fur color in arid environments.

Genetic differences compensate for constraints imposed by the environment, e. g. larva of Rana clamitans, see page 216. 

Latitudinal counter gradient variation in the common frog (Rana temporaria) development rates--evidence for local adaptation.  Laugen AT,  Laurila A, Rasanen K, Merila J
J Evol Biol. 2003 Sep;16(5):996-1005.
“Adaptive genetic differentiation along a climatic gradient as a response to natural selection is not necessarily expressed at phenotypic level if environmental effects on population mean phenotypes oppose the genotypic effects. This form of cryptic evolution--called counter gradient variation--…”

See the entire article in http://www.blackwell-synergy.com/doi/pdf/10.1046/j.1420-9101.2003.00560.x
Morphological differences resulting from competition may result in what is called character displacement. 

Sympatric populations of two species differ more than allopatric populations. 
· See the example of the ground Galapagos finches on page 216.

GENE FLOW

The exchange of genes between two populations is called gene flow or gene migration.

Migrants that do not reproduce do not contribute to gene flow.

Gene flow tends to homogenize the allele frequencies unless is counterbalanced by genetic drift or natural selection.

· Gene flow may introduce or reintroduce genes that had disappeared or become rare due to genetic drift. 

· Gene flow may reduce the chance of speciation. 

The rate of gene flow measures the change allele frequencies per generation due to migration into the population. 

If a population becomes extinct and the area is recolonized by individuals from several populations, the allele frequencies are a mixture of those  among the source populations. 

Different populations will be genetically similar if they had been recently founded by migrants from a single population.

Gene flow is greatest among mobile organisms, e.g. marine invertebrates with planktonic larva.

Animals that move little are generally divided into small, genetically distinct populations.

ALLELE FREQUENCY DIFFERENCES AMONG POPULATIONS

Populations that are found at the extreme distances of their range are seldom exchange genes. They are isolated by distance.

Isolation by distance produces populations with greater divergence in allele frequency than adjacent  populations that exchange genes. 

Nei’s Index of Genetic Distance is a measure of the genetic difference between two populations. It measures how likely it is that gene copies taken from two populations will be different alleles, given data on allele frequencies. 

· It measures how dissimilar two species or two populations of the same species are.

· “The genetic distance of Chimpanzees and Human beings is only 1.6% (they are about 98.4% identical), suggests that Human beings and Chimpanzees last had a common ancestor about 5 million years ago, and that Chimpanzees are more closely related to Humans than they are to Gorillas (about 9 million years ago) and Orangutan (about 12 million years ago).” http://en.wikipedia.org/wiki/Genetic_distance
· This index is used to construct phenograms. 

Phenograms are diagrams that show the similarity and differences between populations.

DNA sequencing may be used to show the similarities between population by producing clusters of populations. 

GEOGRAPHIC VARIATION AMONG HUMANS

Human races

Homo sapiens is a single biological species. 

The number of human races is arbitrary. Between 3 and 60 races have been described.

Genetic differences among human populations consist of allele frequency differences only

One early study of allozymes variation showed that about 85 % of the genetic variation in the human species is among individuals within populations, and only about 8% is among the major “races”.

· “Although, strictly speaking, allozymes represent different alleles of the same gene, and isozymes represent different genes whose products catalyse the same reaction, the two words are usually used interchangeably.” http://en.wikipedia.org/wiki/Isozyme
Another study came to the conclusion that differences among members of the same population account for 93 to 95% of human genetic diversity, and differences among populations account for only about 5%. 

An interesting article: http://dnatribes.com/sample-results/dnatribes-global-survey-regional-affinities.pdf
Based on the slight allele frequency difference among populations, five major geographic clusters could be distinguished: sub-Saharan Africa, Europe-Central Asia, East Asia, Oceania and native America. No native Australians were included in the study. 

In spite of these similarities, some loci show strong patterns of geographic variation: the sickle-cell hemoglobin allele is most frequent in parts of Africa, and cystic fibrosis mutations are most prevalent in northern Europe. 

VARIATION IN COGNITIVE ABILITIES

General cognitive ability (IQ) appears to be substantially heritable, and the heritability increases with age from childhood to adolescence to adulthood and old age.

Despite that substantial heritability of IQ, there is abundant evidence that education and an enriched environment can substantially increase IQ scores. 

