I.  Population Genetics

A.  The Origin of Species

1.  convinced most biologists that species are the product of evolution

2.  natural selection as the mechanism for evolution was not as convincing; Darwin could not explain hereditary process

B.  Integration of Darwinian Selection and Mendelian Inheritance (1930s)

1.  geneticists initially believed that Mendel’s laws of inheritance were at odds with Darwin’s theory of natural selection; Darwin thought thought the raw material for natural selection was quantitative (varies along a continuum); Mendel saw it as either/or; so how would genetics play a role in slight variations


3.  population genetics-studies genetic variation in populations


4.  modern synthesis (1940s)- combines studies from various fields emphasizes



a.  importance of a population as the units of evolution

b.  central role of natural selection as most important mechanism of evolution



c.  gradualism

C.  A Population’s Gene Pool is Defined by its Allele Frequencies


1.  population- localized group of individuals of the same species


2.  species- group of populations capable of interbreeding and producing offspring

3.  individuals near a population center are usually more closely related to 1 another than members of another pop


4.  gene pool- all the genes of a population

a.  if the whole population is homozygous for the same allele, the allele is fixed in the gene pool

D.  Hardy-Weinberg Theorem (1908)- the frequencies of alleles and genotypes in a nonevolving population’s gene pool remain constant over the generations unless acted upon by outside forces

1.  because  the allelic frequencies do not change, the genotypes are said to be in Hardy-Weinberg equilibrium


3.  Hardy-Weinberg equation



a.  p+q=1; freq must=100%



b.  if p+q=1, then p=1-q and q=1-p



c.  p2+2pq+q2=1


4.  pop genetics and health science



a.  1 of 10,000 PKU; (freq of rr) q2 =0.0001; (freq of r) q=√0.0001=0.01




(freq of R) p=1-q;  p=0.99     (freq of Rr) 2pq=2 x..99 x .1 =2

5. Hardy-Weinberg theorem and genetic variation

a.  natural selection requires genetic variation

b.  pre Mendelian geneticists believed in the blending inheritance theory-offspring are expected to be phenotypically intermediate relative to their parents; genetic variation would be eliminated and a uniform population would result


6.  Assumptions of the Hardy-Weinberg theorem

a.  must have a large population size; otherwise, genetic drift may change allelic frequencies



b.  must have no migration; loss or gain of alleles



c.  must have no net mutations; change in alleles

d.  must have random mating (may affect the frequency of homozygous vs heterozygous, but doesn’t usually effect the allelic frequencies)

e. must have no natural selection; more favorable alleles would prevail

f. deviations from Hardy- Weinberg equilibrium usually result in evolution

II.  Causes of Microevolution

A.  Microevolution- change in the frequency of alleles

B.  Main Causes; genetic drift and natural selection are the most important

1.  natural selection- the only 1 of the 4 causes that adapts a population to its environment



a.  some organisms may be better adept at survival- differential survival

b. some organisms may have better reproductive success

2.  genetic drift- change in a population’s allele frequency due to chance; a smaller sample size can lead to a greater chance for deviation

b.  bottleneck effect- a disaster which may decrease the size of a population, and therefore, its gene pool  

1)  reduces overall genetic variability

c.  founder effect- may occur when a small sample size from a larger population colonize a new habitat 


3.  gene flow- loss or gain of alleles due to migration



a.  tends to reduce differences between populations


4.  mutation- change in an organism’s DNA

III.  Genetic Variation

A. Variation in populations

1.  phenotype may be heritable-ABO blood groups

2.  phenotype may be non heritable-bodybuilders

3.  quantitative and discrete characteristics contribute to variation within a population 

     
4.  Polymorphism- different forms of a discrete characteristic in a population

a.  2 or more morphs must be represented in high enough frequencies to be noticable

     
5.  Measuring Genetic Variation



a.  gene diversity- % of loci heterozygous

b. nucleotide diversity- difference in % of nucleotides between 2 samples

c. humans have very little nucleotide diversity

     B.  Variation between populations

a.  most species show geographic variation- differences in gene pools between populations; environment may play a role in these differences




1)  cline- graded change of a trait along a geographic axis

     C.  Mutation and Sexual Recombination


1.  mutation



a.  usually harmful; rarely beneficial



c.  chromosomal rearrangements may be neutral



d.  duplication usually harmful

e.  organisms with short generations spans (microbes), mutations can generate genetic variation quickly


2.  sexual recombination- meiosis

     D.  Diploidy and Balanced Polymorphism Preserve Variation


1.  diploidy- may mask recessive genes, though they can still be propagated


2.  balanced polymorphism- ability to maintain 2 or more phenotype forms

a.  heterozygote advantage- being heterozygous is more advantageous than being homozygous; SCA/malaria

b.  frequency dependent selection- survival of 1 morph declines it that form becomes too common; parasite/receptors; red queen effect

3.  neutral variation- a variation which probably has no advantage, though we may be unable to determine this

IV.  Closer Look at Natural Selection

A. Evolutionary Fitness

1.  Darwinian fitness-the contribution an individual makes to the gene pool of the next generation relative to the contributions of other individuals

2.  relative fitness-contribution of a genotype to the next generation compared to the contributions of alternative genotypes

a.  the relative fitness of the most reproductively successful variant is set as 1 

b. relative fitness is 0 for sterile organism

c. many factors affect an organism’s relative fitness

     B.  Effect of Natural Selection

1.  directional selection- shifts the population to favor either extreme; most common during environmental change or migration


2.  diversifying (disruptive) selection- favors both extremes


3.  stabilizing selection – reduces variation at the extremes

C.  Natural Selection Maintains Sexual Reproduction


1.  sex inferior to asexual process in terms of reproduction output


2.  advantage of sex; genetic variation thru meiosis; may prevent a plague from wiping out the whole population

D.  Sexual Selection May Lead to Diff Between Sexes

1.  sexual dimorphism-distinction in appearance; human males are usually larger than females


2.  sexual selection



a.  intrasexual selection-competition within a sex; males fighting to gain status; females are more likely to choose a strong male

b.  intersexual selection-between organisms; female peacocks may choose the male with more colorful plumage

1) sexual ads may reflect health, though it may not add any advantage to survival

E.  Natural Selection Cannot Fashion Perfect Organisms


1.  evolution limited by historical constraints


2.  adaptations are often compromises


3.  not all evolution is adaptive-chance plays a role


4.  selection can only edit existing variations; cannot create something from nothing

