Homework 5 KEY
In a population of 50 diploid individuals, the frequency of neutral alleles A and B are 0.7 and 0.3 respectively. Assuming Hardy-Weinberg equilibrium, calculate the frequency of heterozygotes.  What is the expected frequency of heterozygotes after five generations?  Repeat the exercise for a population of 20 individuals. 

A = p, B = q; f(AB) = 2pq = 0.42

Hg+1 = Hg [1-(1/2N)]

N = 50                                                 N = 20

Hg = 0.42                                            Hg = 0.42

Gen 2 = 0.42 [1-(1/2(50))] = 0.4158   Gen 2 = 0.4095

Gen 3 = 0.416 [0.99] = 0.411             Gen 3 = 0.391

Gen 4 = 0.411 [0.99] = 0.407             Gen 4 =  0.381

Gen 5 = 0.407 [0.99] = 0.403             Gen 5 = 0.372

If the average proportion of heterozygosity in a population is 1/3, what would it be after two generations of self-fertilization?

F = 0.5

H = 0.33

Gen 2 = H(1-F) = 0.165

Gen 3 = 0.165(0.5) = 0.0825

Using the following data, determine if this locus has undergone evolution through adaptation or drift.  Show your work and explain your answer.

	 
	Fixed
	Polymorphic

	Replacement
	7
	2

	Synonymous
	17
	42


THESE ARE THE DATA FROM McDONALD KREITMAN.  THEY SHOW 

ADAPTATION AT THE Adh LOCUS IN DROSOPHILA.  TO FIGURE THIS OUT

YOU WILL CALCULATE THE PROPORTION OF REPLACEMENT TO 

SYNONYMOUS FIXED CHANGES TO THAT OF THE POLYMORPHIC CHANGES.

IF THE PROPORTIONS ARE THE SAME, THEN THE GENE IS UNDER NEUTRAL

EVOLUTION (DRIFT).  IF NOT THEN WE CAN INFER SELECTION AND 

ADAPTATION.  THEY ARE NOT EQUIVALENT (4.5 AND 29.2, RESPECTIVELY).

A well know principle of population genetics is that it only takes one migrant per generation (OMPG) to prevent two populations from diverging.  An important but forgotten assumption is that there is no selection.  Why is that assumption so important?

The forces of evolution can be viewed as opposing forces in a fight over genetic variation.  Gene flow (migration) and selection are often at odds with one another.  Divergent selection will attempt to INCREASE diversity among populations and gene flow will DECREASE diversity among populations (the opposite is true within populations – why?).  Drift will also INCREASE variation among populations. Without selection, very low gene flow (OMPG) is enough for gene flow to win (reduce divergence among populations) over drift.  But it does not take much selection to overcome gene flow, so even a little will prevent OMPG from tipping the balance in favor of gene flow.

Water snakes are common in the area around Lake Erie.  They live on the mainland as well as islands in the lake.  The island and mainland populations are relatively isolated, but migration does occur.  Interestingly, selection favors banded water snakes on the mainland and unbanded on the islands.  Bandedness is controlled by one locus with two alleles: banded (B1) and unbanded (B2) with banded being dominant.  

Each generation, some proportion of snakes migrates from the mainland to the island.  On the island, the frequency of B1 is very low (0.1).  On the mainland it is much higher (0.9).  Only 10% of the mainland individuals migrate successfully to the island.  After migration, random mating occurs (no sexual selection). Each population then returns to HW equilibrium in the next generation, and selection occurs before the next bought of migration. The selection coefficient against banded water snakes on the island is 0.2 and it is 0 for the unbanded water snakes.  What is the frequency of B1 after migration and selection?  Please show all your steps. 

FIRST, CALCULATE THE GENOTYPE FREQUENCIES ON THE MAINLAND AND ON THE ISLAND:

MAINLAND: B1 = 0.9 B2 = 0.1

B1B1 = 0.81 B1B2 = 0.18 B2B2 = 0.01

ISLAND: B1 = 0.1 B2 = 0.9

B1B1 = 0.01 B1B2 = 0.18 B2B2 = 0.81
THEN, CALCULATE THE NEW FREQUENCY OF B1 ON THE ISLAND AFTER MIGRATION:

B1 = p

p’I = (1-m) (pI) +(m)(pM)

p’I = (0.9) (0.1) + (0.1)(0.9) = 0.18

NEXT, CALCULATE THE STRENGTH OF SELECTION AGAINST THE WATER SNAKES AND THE ALLELE FREQUENCIES AFTER SELECTION:

p’ = p(1-s)/1-2sp+sp2

s = 0.2,  p = 0.18

p’ = 0.15

HOW DO THEY COMPARE TO THE ORIGINAL FREQUENCIES?  IS MIGRATION OR SELECTION STRONGER?

Migration is stronger.  The island frequencies became more like the mainland frequencies despite selection.

