Chapter 19-Population Genetics and Speciation

-Population genetics: study of frequencies of alleles in a population, relative proportions of alternative alleles (emphasis on import of pop in evolution done by R.A.Fisher, Sewall Wright, J.B.S.Haldane)

-Neo-Darwinism, The Modern Synthesis (J.S. Huxley)=>emphasis on populations rather than indiv, modern form

-population: consists of all the members of a species that occupy a particular area at the same time; members of same population more likely to breed with one another THAN members of other pops of the same species [populations form breeding groups]

-1908, G.H. Hardy and W.Weinberg:


-gametes contrib. by all members of a pop to next generation can be 


considered as containing a GENE POOL from which offspring receive genomes


-if diff pop of same species become isolated, new species (grp whose members

seldom exchange genes with members of other species) could be formed

-absence of NS/factors preserves allele freq=pop, no change, no evolution

HARDY-WEINBERG LAW: model that shows a population that does NOT change genetically from generation to generation, THEN you compare how a real pop differs

*AA, Aa, aa genotypes; if conditions met, then next generation will contain the 2 alleles at the same freq:

1. No net mutation (or at least proportions of A=>a equal to a=>A)

2. No mating preferences 

3. Large size (large pop b/c law based on statistical probability, small=sampling error & pop as a whole not represented)

4. No gene flow (pop is isolated, no exchange of genes by migration of indiv/gametes btwn other populations; no genetic drift)

5. No selection (no NS with respect to alleles in question)

-If conditions met, no evolution; since conditions cant be met, evolution likely to occur

-Hardy-Weinberg law: 


*p=freq of A allele, q=freq of a allele


*p+q=1


*AA=p2, Aa=2pq, aa=q2 


*p2 +2pq+q2=1

*frequency of A allele= [(2 x #homoz dom)+ (#heterozygous)]/(total number of individuals x 2)

*freq of a allele= [(2x #homoz recessive) +(#heterozygous)]/(total # indiv X 2)

CAUSES OF EVOLUTION:

1. Mutations-ultimate source of gen variation, but so rare that by itself, it cannot cause a stable change in gene freq in a population

*fixed allele=all individuals have particular genotype]

2. Mating preference: females choosing favorable genotype/phenotype show 

selection in favor of partic. genotype

3. Genetic Drift: change in gene pool in which random events bring death/parenthood to indiv regardless of genetic makeup=> more likely to cause evolution if dealing with small pop

· Founder effect: the change in allele freq when a new population arises from one or a few individuals (individuals will only contain SOME of orig pop’s gene pools=> change in gene pools) EX: humans from Africa

· Population bottleneck: # of individuals falls( usually endangered species, isolated species pops; due to limited gene pool, lack of genetic diversity

4. Gene Flow: moving of alleles between 2 populations (lost allele reappears by

Mutation, immigration of individuals/pollen/sperm)

· The greater the distance btwn pop of same species, the greater the genetic differences

· CLINE: phenomenon in which a character shows a gradient of variation across an area

· Reasons why there is clinal variation : 1)gene flow between adjacent populations means that gene pools of close populations share more alleles than those farther apart 2)environmental features vary along gradients (Ex: height up a mountain)=>phenotypic characters are best suited for that kind of environment

· Gene flow: increases similarity between all pop of a species

· Natural selection: opposite; tends to keep pop limited to particular habitat(clines are result of these 2 factors

5. Natural Selection: nonrandom differential survival &reprod of genotypes from one generation to the next

-Allele with greater FITNESS will increase freq from one generation to next

· Stabilizing selection: average phenotypes have a selective advantage over extremes in either direction (ex: sparrows with intermediate traits surv)

· Directional selection: when the phenotypes at one extreme have a selective advantage (usu the temporary result of environ change)

i. If birds tend to eat large seeds, directional selection in favor of smaller seeds

· Disruptive selection: when extremes of a range of phenotypes are favored relative to intermediate phenotypes (Ex: if beetles like to eat interm size seeds; environments where extreme phenotypes do well, but intermediate phenotypes are never well adapted)

COADAPTED GENE COMPLEXES: grp of alleles at various loci that interact and produce indiv well-adapted to environment

-If individuals from extreme ends of cline mate, offspring don’t look like either one

-when genes occur together for a long time in members of same pop, they COEVOLVE, and become adapted to one another in various ways (but NOT when from dist areas)

-alleles may become adapted to one another by changes in relative degree of domin.

-degree of dom, and rec, of alleles can be modified by artificial selection

-an allele is dom only in the complex of genes in which it normally occurs

HETEROZYGOUS ADVANTAGE: selective advantage heterozyg has over homozyg (Ex: sickle cell anemia in humans); maintains genetic variability in pop

· Inbreeding: mating btwn close relatives, self-fertilization (heterozygotes rare)

· Hybrid offspring: offspring from matings btwn members of 2 diff strains (may tend to be superior to parents/pure-breds)

· Genetic polymorphism: the occurrence in the same place at the same time of 2 or more genetic variants in such proportions that the rarest of them cannot be maintained by recurrent mut alone; favorable alleles replace alternative alleles until fixation

· Balanced polymorphism-reults from disruptive selection (opp of selection and gene flow) & heteroz advant.

· Sex (gender) is most widespread polymorphism; the human ABO blood grp, with 3 alleles;

· Frequency-dependent selection: results in stable polymorphism

-rare phenotypes are favored during freq-depend selection and produce

a balanced polymorphism (ex: if equally visible moths, birds use search image for one type until it becomes rare, it then switches search image 

and eats other type; humans choosing uncommon breed/color fish/dog for pet)

POPULATION EXPLOSION: when fewer members die and more reproduce than normal due to relaxed selective pressures

SELECTIVELY NEUTRAL MUTATIONS: mutations with no selective advantage or disadvantage relative to alternative alleles (perhaps mutations that don’t affect protein)


-best evidence for mutations that change proteins comes from diff btwn 


cytochrome c from diff species=>amino acids have been substituted for others


at a steady rate in course of evolution pg 405 for more
SPECIES: one or more pop of organisms capable of breeding with each other (has to have gene flow) but not with members of another group; live in REPRODUCTIVE ISOLATION from one another (results in genetic isolation: pop that don’t interbreed cannot exchange genes);one or more pop that share a common gene pool(genetic continuity of related indiv/pops

· Carl Linnaeus came up with def of species, based on MORPHOLOGICAL(anatomical, structural)differences

· Type specimens of a species: indivs preserved in museum for future reference

· Dichotomous key (gives 2 choices in each step)-see pg 406 table 19-1

· Sibling species: organisms that are outwardly identical and yet belong to different species, closely related, common recent ancestor (ex: white flies and sweet potato white flies-Bemisia tabaci)

· Organisms that are very diff but belong to same species (ex: eclectus parrots=> males are green, females red)

· To test for species differences:

· Reproductive isolation: members of two diff species do not breed with each other

· Behavioral differences: different responses to normal acts (ex: courtship)

· Differences in protein structure: related species usu contain proteins with same function but somewhat diff structure

· Differences in DNA sequences

REPRODUCTIVE ISOLATION

· new species may arise by evolution of barriers to gene exchange btwn pop that eventually become reproductively isolated from each other

· SYMPATRIC: 2 populations live in the same place

· ALLOPATRIC: 2 populations live in different places (see pg 409, table 19-2)

· PREZYGOTIC ISOLATION: barrier prevents mating btwn members of diff species, and therefore prevents zygote formation

· POSTZYGOTIC ISOLATION: involves barriers that keep hybrid zygotes from developing, or keep hybrid indiv that develop from reproducing fertile organisms

SPECIATION: formation of one of more new species from an existing species

ALLOPATRIC SPECIATION

-1940s: Ernst Mayr, George G. Simpson, Verne Grant(new species arise when a pop becomes separated from the rest of its species, changes, and becomes new species

-Hawaiian state bird, NENE, believed to have evolved from few Canada geese this way

-Why isolated pop will become distinct from rest of the species:

1. B/c of founder effect, the new pop will have a unique gene pool from start

2. The new pop is subject to a new set of selection pressures=> will evolve adaptations to its new home [ex: reprod is one feature that will change]

-eventually, diff btwn orig and new pop make it so they cant interbreed; test of speciation comes if they live together again, and if fertile offspring can be produced

-Darwin’s finches: 13 on Galapagos, 14th species on Cocos Islands( differ in food, size/shape of beaks

-however, species containing large #s of indiv and covering wide areas of a continent may remain unaltered for millions of yrs( b/c they are subject to gene flow and stabilizing selection

-genetic changes that lead to new species more likely when under influence of directional selection as SMALL pop adapts to new habitat

-PLEISTOCENE GLACIATIONS: glaciers that separate populations from each other; if they come back in contact, might produce hybrid offspring (incomplete reprod isolation), or will not reproduce at all (reproduction isolation, proceeded far enough)


-allopatric “islands”: part of continent cut off by glaviers, isolated mountain 


peaks, deep sea trenches, last undrained pothole in a prairie


-degree of isolation depends on residents’ mobility/size of organism relative to 


distance

SYMPATRIC SPECIATION: production of new species within a single population, usually not in species that reproduce sexually b/c reprod barrier must be formed; usu change in # of chromosomes. New species thus can be formed:

· Polyploidy: multiplication of the normal chromosome # [plants, asexual reprod]

· Autopolyploid: when chromosome # doubles [chromosomes fail to segregate at meiosis—2N instead of N]; self-fertilization forms a 4N zygote

· Allopolyploidy: 2 related species interbreed and produce hybrid offspring; hybrids are usu sterile b/c incompatible chromosomes cannot go thru meiosis; BUT can reprod asexually [chromosome # doubles, form homologous chromosomes=>meiosis]

-Polyploid plants usu larger than parents, more able tolerate difficult conditions

-more polyploids in high latitude, colder climate

-polyploidy NOT as common in conifers (pines, firs, spruces)( few species of conifers

-more crop plants are polyploids

-colchicine & vincristine causes nondisjunction of chromosomes at meiosis=> polyploidy=> new fruits


-Speciation by polyploidy in sexually reproducing animals (earthworms, fish, frogs)

-permanently parthenogenetic (reprod by unfertilized eggs) species are polyploidy [beetles, moths, shrimp, goldfish, salamanders]

-disruptive selection can produce sympatric speciation w/o polyploidy in lab animals

-two races aren’t yet  “good” species if continue to hybridize

EVOLUTION: microevolution or macroevolution


-microevolution: changes in the freq of alleles in gene pools


-macroevolution: evolution of new groups of species; studied by looking at


fossil record of life on Earth [rate of evolutionary change could be fast or slow]


-punctuated equilibrium: variation in rates of evolution

-new species could drive parent species to extinction, or exist with it

-appearance of major groups of organisms usu follows evolution of novel 

adaptations

