Genetics Lecture 14
Population Genetics
Moving from the individual to the population – genetic concepts + math models + evol theory

Gene Pool – all the alleles available (as opposed to genotype)


no either or, but frequencies


genetic structure of a population includes:



phenotype frequencies; genotype frequencies; allele frequencies (p and q)



p= frequency of AA + ½ frequency of Aa or calculate using #’s (# alleles = 2 x n)


example:  n=100, AA = 25, Aa = 60, aa = 15 (do both methods)

Hardy-Weinberg – a mathematical model that attempts to determine if there is genetic change occurring in a population and what kinds of things cause that change

if certain assumptions met, allele frequencies stay the same through generations = genetic equilibrium


can calculate genotype frequencies from allele frequencies – *graph 

if only 2 alleles for a gene, then p + q = 1


square both sides (quadratic)  p2 + 2pq + q2 = 1; genotype frequencies

practice:  survey a population of frogs, sports is dominant (S); n=234, 29 do not have spots


what do you know?  phenotype frequencies; striped = 0.88; nonstriped = 0.12; q2 = 0.12



these are knowns – if population is in equilibrium, we can calculate further



second example?  mid-digital hair survey (no hair = recessive)


Another way to use this:  survey a 300 in a population and find that p = .82 and q = .18



how many AA (202), Aa (88), and aa (10) expected?  But you have 194, 104, and 2

2 to determine if variation from expected is significant, in genetic equ. or not?



if not, go back to data, more of what group?
multiple alleles, then use p,q,r (p2 + q2 + r2 + 2pq + 2pr + 2qr)
*other possibilities – tables 

*Assumptions – what if not in equilibrium?

Are they ever?  Can be for some but not other loci (micros). We’re at the gene level.

*Mutation


mutation rates generally very small, but varies with gene and population

forward & reverse mutations (d to r (u) vs. r to d (v))



p x u = # of A mutating to a

q x v = # of a mutating to A


oranges:  beginning # - taken from + taking = end #; what are the taken from and taking here?
example:  flowers, blue dominant to white, 100,000 flowers; p=.6



How many B alleles? 120,000; b alleles = 80,000



if u = 10-3 and v = 10-4, how many B and b alleles do we end up with?




.001 x 120000 = 120 B to b; .0001 x 80000 = 8 b to B = net B to b of 112

mutation – selection balance
*Migration – movement of genes = gene flow

the effect of migration depends on how large and how random it is – not individuals, genes!

imagine two population with different allele frequencies



px and py; some portion of population y migrates into population x 
(m = proportion of new population that is made up of migrants from other population)



if px = .7 and py = .4, then the new px = m py + (1-m)px



if x had 5000 individuals and 1000 from y migrate in, then m = 1000/6000 = .17



.17 x .4 + .83 x .7 = .65



emigration – remove from population; old frequency makes up a larger proportion of new 

*Non-random Mating


like mates with like – assortative mating


effect?  decreases hets



could be behavior – mallard & pintail ducks; some plants result from pollinator preference



inbreeding is a form, self-fertilization – inbreeding depression, why?


like mates with unlike – disassortative mating



apple trees, sweat study


effects?


practice:  AA, Aa, aa – draw out what happens in Punnett squares with possible matings


*Wright’s F-statistics measure non-random mating, max is 1



FIT = total population deviation, FIS = subpop, FST = subpop to total



problems with F-stats – biased against highly polymorphic loci (micros)


Slatkin’s Rst

*Genetic Drift


random, but can still result in fixation


affects small populations more


founder effect – selection may operate on one trait leaving small population, causing drift for another



bottlenecks – cheetahs, elephant seals
*effective pop size – stop at equation
*Selection


differing reproductive success of PHENOTYPES


requires that phenotypes are genetically based



some phenotypes leave more offspring than others, their genes passed on preferentially 


fitness = W (relative)

selection coefficient = s = 1-W


determining genotypic contributions to next generation; allele contributions
How is population genetics used to answer ecological questions?


Is there selection occurring? – fitness of individuals? population?


What are the mating systems like? – assortative? disassortative? inbreeding?


What kind of genetic variation is available for adaptation? – parasites, climate

What kind of gene flow is occurring?


Conservation questions – what species/populations should be conserved?  
not just numbers, but diversity – effective population size (need to know mating system)


Has introgression occurred? – is this important? (FL panthers, Asiatic lions, Ethiopian wolves, 
Scottish wildcat, cutthroat trout & rainbow trout; hybrid fitness)


MVP & PVA (MPAs and corridors)
How do we find out about the genetics of populations?


Visible polymorphisms, but problems with epistasis, environmental impacts, etc.


Molecular markers



proteins – enzymes, codominant but low variability

RFLPs, VNTRs, STRs, etc.


sequencing – time consuming, expensive
























