Step 1: Are the loci in Hardy-Weinberg?

For each locus use 2002 data

(Hobs-Hexp)2 / Hexp

Hobs = count the number of heterozygotes at each locus


Hexp = heterozygosity expected if in HWE.  1-(p2+q2+…x2)


If an allele is not in Hardy-Weinberg Equilibrium can you use it?


If the populations are in HWE for one year they are not undergoing evolution.  



No evolution in the 2002 data


If the populations are not in HWE between years, evolution occurred during that time period.

Based on the allele frequencies in 1995 do you see the appropriate frequency of each genotype in 2002?

Evolution occurred between 1995 and 2002.  The most likely force to account for the change in genetic drift due to the logging operation.  The logging will have removed random individuals from the population and, since the populations are now smaller than they were before, we expect to see an increase in the amount of genetic drift.  We should be able to rule out selection since microsatellites are neutral.  Mutation, while it did occur has only had a relatively small effect on the allele frequencies adding only one rare allele in the northern population at locus 3.  Migration is the other factor which is influencing allele frequencies based on the estimates below. 

Step 2: Are the loci in linkage disequilibrium?

Step 3: What is the effective population size

Evolutionary / Historical 

	
	North
	South

	IAM
	1807
	1853

	SMM
	6412
	6738


a. Need to use the data from 1995 because the 2002 data has had a major event happen, logging and you will be able to figure out what the current (ecological) effective size is based on the change in genetic variation.

b. Microsatellite mutation more closely resembles stepwise mutation (SMM) rather than infinite allele mutation (IAM).  Thus you need to solve the equation for expected heterozygosity based on the SMM for Ne.

c. 
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Ecological / current

	
	North
	South

	Change in H
	-129
	117

	Change in Allele Frequencies
	69
	91


a. Need to use the data from both 1995 and 2002.  This is the most accurate measure of what the current Ne is because it looks at the actual change in genetic variation over time, the definition of the effective population size.

b. Two methods to estimate ecological Ne, either the change in heterozygosity or the change in allele frequencies.  We showed that the change in allele frequencies is more accurate.

c. Need to calculate the different in frequency for each allele at an individual locus to estimate Fk for the specific locus.  Then average the Fk values across all loci within a population.

d. 
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e. These values of Ne then provide evidence of how much danger a population is of inbreeding.  Remember that the effective population determines how genetic variation is lost and hence how homozygosity (or inbreeding in the drift sense) increases, not the census size.

f. The fact that the effective population size was greater than the census size in the southern population should also have warned you that the census size is likely to be wrong.  The only way we can get the effective population size to be greater than the census size is when there is very little to zero variance in the reproductive success of individuals across a population.  Some of you noticed that the southern population lost more alleles than the northern population.  This does indicate that drift has to be working, however, since drift only removed the rare alleles it does not mean that drift has to be stronger in the southern than the northern population.  On average, drift will remove rare alleles first so the loss of more alleles from the southern population does not have to be a contradiction to the effective population size estimates.  Further, since we have obviously underestimated the population size of the southern population our sampling scheme might have missed the individuals with the rare alleles.  Which type of alleles are mostly likely to be missed when sampling a population?  The rare ones.  

Step 4: Estimate dispersal based on Nm (evolutionary / historical) and the assignment test (ecological / current). 

Estimated number of dispersing individuals per generation.

	
	1995
	2002

	Nm
	2.04
	14.2

	Assignment Test
	N/A
	5



Nm based methods (Fst)

a. FST methods are based on the idea that dispersal between isolated populations will maintain some degree of genetic similarity between two populations: the more dispersal between populations the less genetic differentiation between populations.  As gene flow between populations is reduced the populations diverge so more of the genetic variation is portioned between subpopulations (that is each population has its own subset of the total amount of genetic variation found across all populations).

b. To calculate FST you need to determine the amount of genetic variation, as indexed by heterozygosity, in each of the subpopulations (HS) and the total population (HT).  
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c. To calculate HS you need to figure out the average heterozygosity at each locus across populations and then average that across all loci.

d. To calculate HT you need to recalculate the expected heterozygosity as if all the subpopulations were actually one giant population.  You can accomplish this in one of two ways.  If you have the allelic data for each subpopulation just sum the alleles at each locus across populations and divide by the total number of alleles in the population.  If you only have allele frequencies you can average the allele frequencies at each locus across all subpopulations.  Then, using the HWE equation estimate the expected heterozygosity in the total population.


Assignment test

a. This test is based on the probability of an individuals genotype coming from any of the possible populations.  The idea is that an individual is most likely to have been born in the population where its genotype is most likely.

b. The first step is to calculate the allele frequencies at each locus in each population.

c. These allele frequencies are then used to calculate the probability that an animal came from a specific population using the log-likelihood.  For each animal multiple the frequencies of the two alleles of an animal at each locus (If the animal is a heterozygote multiple this by 2 since there are two ways of forming a heterozygote.).  The loci specific values are then multiplied together across all loci and the natural log is taken of this value.  Repeat this process across all populations and the animal is most likely to have come from the population where it has the least negative log-likelihood.  When an allele is not present in one population there are a variety of ways to avoid ln(0).  One method suggests given the allele a very low frequency such as 0.001 or 1/2N which ever is smaller.

d. Once you have calculated all of the log likelihoods the animal is assigned as having been born into the population from which it has the least negative log likelihood.  If the animal was sampled in a different population it most likely that the animal dispersed into that population following birth.

e. A plot of the log likelihoods provides an indication of how genetically separate the populations are: the greater the amount of the separation between populations, the greater the amount of genetic divergence between the populations.

f. This results in us finding 1 migrant between the populations.  However, we can’t conclude that this is the only migrant as we only sampled 40 out of 200 animals in the total population.  Based on this we should assume that approximately 5 animals are migrants between the two populations.  Further, we cannot conclude that dispersal is uni-directional as it is entirely likely that we just missed the other dispersing individuals based on our sampling.

Step 5: Estimate relatedness. 

a. To determine which species would be best to breed into the S. gaspensis gene pool if necessary you have to determine which of the 4 candidate species are most closely related to S. gaspensis.  We do this using the UPGMA.  

b. First we need the proportion of nucleotides which differ between all pairwise combinations

The di,j values are above the diagonal and the number of nucleotide differences are below the diagonal.

	
	S. gaspensis
	S. dispar
	S. palustris 
	S. cinereus

	S. gaspensis
	
	0.027
	0.048
	0.103

	S. dispar
	4/146
	
	0.075
	0.123

	S. palustris 
	7/146
	11/146
	
	0.144

	S. cinereus
	15/146
	18/146
	21/146
	


c. Based on this you can see that S. dispar is the most closely related to S. gaspensis.  However, you would typically want to construct the phylogenetic tree to determine the relationship between all of the species.  Since our method only lets us compare three lineages at a time.  Since we know the two most closely related (S. gaspensis and S. dispar) we group those together and find the average distance between the group of two and the other species.  

	
	S. gaspensis + S. dispar
	S. palustris 
	S. cinereus

	S. gaspensis + S. dispar
	
	
	

	S. palustris 
	=0.5 (0.048 + 0.075) = 0.062
	
	

	S. cinereus
	=0.5 (0.103 + 0.123) = 0.068
	0.144
	


d. Reduce this again by comparing the last taxa to the average of all the others.

	
	S. gaspensis + S. dispar + S. palustris
	S. cinereus

	S. gaspensis + S. dispar + S. palustris
	
	

	S. cinereus
	=0.33 (0.103 + 0.123 + 0.144) = 0.123
	


e. Now, the first node we created estimates unites the two closest taxa, S. gaspensis and S. dispar and these can simply be calculated as half the internode distance, or 0.027/2 = 0.0135.  The second node connects S. gaspensis and S. dispar with S. palustris = 0.062/2 = 0.031, and the third node connects the grouping of S. gaspensis, S. dispar, and S. palustris with S. cinereus 0.123/2 = 0.0615.

f. Now we can find the internode distance via subtraction.  That is we can find the internode distance from Node 1 to Node 2 as (the distance from Node 2 to S. dispar) – (length of Node 1) = 0.062 - 0.027 = 0.0175.  We do the same for the rest of the taxa

	Internode
	Distance

	Node 1 to Node 2
	0.031 – 0.0135 = 0.0175

	Node 2 to Node 3
	0.0615 – 0.031 = 0.0305


Note: in your book they combine these two steps in equation 8.17.

g. Now we can draw our tree with evolutionary branch lengths.









h. You could then use the equation for number of nucleotide substitutions to estimate how long ago S. gaspensis diverged from each of the other species.  The equation for expected number of nucleotides that differ between two sequences is 
[image: image4.wmf] now you need to know the nucleotide mutation rate, but with out it you can figure out a range based on values given in the book of 10-5 – 10-7 so that S. gaspensis diverged from S. dispar between 465 and 46,500 generations ago.

Step 6: Can the populations be managed as a single population and what should be done with respect to management of the species?

a. Using the historical estimates of gene flow (Nm = 2.04) and the current estimates of gene flow (Nm = 5), and the separation given by the FST value and assignment test separation, it looks like the populations have historically been somewhat independent.  This suggests that each population should be managed independently.  The observed dispersal rate is similar to what was seen over historical times so it does not look like we have to worry about translocating animals.  If anything, it appears that the shrews do better with the current logged situation compared to the previously forested habitat.  How could this be?  Remember that the assignment test provides you with an estimate of the number of individuals moving between populations.  In contrast, the FST based measure provides you with an estimate of the number of effective dispersers between the population where you are only effective if you manage to breed in the new population.  It doesn’t seem unreasonable then that if 5 animals move between the populations each year only about half of them manage to mate.  A speculation might be that the logging removed competitors between the two populations that were reducing the number of shrews successfully dispersing between populations.

b. With respect to the recommendations, there are really no right or wrong answers, I just wanted to see if you could use what you found with the genetics to make some suggestions about what to do with the shrews.
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