BIOL 502 Population Genetics					February 22nd, 2017
Spring 2017								Name:
Midterm Exam 1							Total:        /100
Instructor: Arun Sethuraman

1) Assume a large population of 1000 individuals, where we sample alleles at two independent (unlinked), diploid, biallelic genetic loci, A and B, such that the A gene has two alleles A and a, and B has two alleles B and b. The frequency of the A, a, B, b alleles are p, q, r, s respectively, such that p = 0.2, q = 0.8, r = 0.3, s = 0.7. The observed haplotype frequencies are P(AB) = 0.2, P(Ab) = 0.3, P(aB) = 0.4, p(ab) = 0.1. What would be the expected genotype frequencies of all possible genotypes after one generation of random mating? How about allele frequencies of the A, a, B and b alleles after one generation of random mating? So is this population in Hardy-Weinberg Equilibrium at these two loci (do a X2 test)? Is this population in Linkage Equilibrium at these two loci (just compute LD to determine if they are in LD/LE, you don’t have to do a test)? (7.5 +7.5 + 2.5 + 2.5 = 20 points)

2) A population of Eastern fence lizards (Sceloporus undulatus) at Tyson Research Center in eastern Missouri underwent a massive bottleneck in 1999 as shown below (http://press.princeton.edu/chapters/s12_9242.pdf):
Year		Count (Census size)
1997		250
1998		110
1999		26
2000		180
What are the effective population sizes in each year?
Assuming that the generation time is 1 year, is it even possible for this population to “recover” from this bottleneck (i.e. Ne = same as that in 1997) in the year 2001? Explain your answer. (10+10 = 20 points) 

3) In an infinitely large population (i.e. no drift), only one type of mutation is possible at a genetic locus, such that the ‘A’ allele can mutate to the ‘a’ allele at 1x10-4 substitutions per generation. In a second population, both ‘A’ can mutate to ‘a’ at 1x10-4 substitutions per generation, and the ‘a’ allele can mutate back to the ‘A’ allele at the same rate. Assuming that the ‘A’ allele exists at frequency 1.0 in both populations, how many generations does it take each population for the ‘A’ allele to reach a frequency of 0.6, and which one is the fastest? What can you say about reversible (e.g. substitution) and irreversible (e.g. deletion) mutations in general? (20 points)

4) Why are most new mutations that arise in a population deleterious? Support and describe your answer – you’re welcome to use equations, graphs, etc. (10 points)

5) Chromosomes are known to contain several interesting features – (1) centromeric regions, where two sister chromatids are attached prior to division, (2) recombination hotspots, or regions that show elevated levels of recombination compared to the rest of the genome, (3) genomic islands of speciation, which show specific signatures of reduced migration (due to selection against migrant alleles), and (4) telomeric regions, or ends of chromosomes that are capped with telomeric repeats (for eg. TTAGGG in vertebrates). See the hypothetical chromosome below, and plot schematic levels of linkage disequilibrium relative to each other along the length of the chromosome. Explain your answer at all 4 locations (4 x 2.5 = 10 points).

_____________|________________|_____________________|____________________
Centromere		R hotspot		Speciation Island			Telomere

[bookmark: _GoBack]6) If a finite population of census size N = 50 were drifting at a genetic locus with three alleles, A, B and C, in frequencies p = 0.1, q = 0.3, r = 0.6 respectively, what is the probability that (a) A allele, (b) B allele, (c) C allele is lost after one generation? What can you state about the initial frequency of alleles and probability of loss? (20 points)

7) Recall that a negative Tajima’s D usually results from excess of rare variants, which can be characteristic of a population immediately after a bottleneck. This is because most common mutant variants are expected to be lost in a bottleneck. How else can common variants be lost in a population, thus resulting in a negative Tajima’s D? (Extra credit – 10 points). [image: ../../../../../Desktop/Screen%20Shot%202017-02-21%20at%2010.09.51%20]
Figure from Nielsen et al. 2007, Nature Reviews Genetics, DOI: 10.1038/nrg2187, showing the values of Tajima’s D, and =4Ne estimated across the LCT (lactase) gene in humans (Asian, and European populations). This region is characterized by high homozygosity, low variability and effective population size as shown by the reduced , and a skewed allele frequency spectrum (i.e. excess of rare variants) as shown by the negative Tajima’s D.  

[image: ../../../../Desktop/Screen%20Shot%202017-02-17%20at%203.26.18%20PM.]
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Critical values of the y? distribution

P
df 995 975 9 5 1 05 025 o1 005
1 .000 000 0016 0.455 2.706 3.841 5.024 6.635 7.879
2 0010 0051 0211 1.386 4.605 5.901 7378 9210 10597
3 0072 0216 0584 2366 6251 7815 9348 11345 12838
4 0207 0484  1.064 3357 7779 9.488 11143 13277 14.860
5 o412 0831 1.610 4351 9.236 11070 12832 15086 16.750
6 0676 1237 2204 5348 10.645 12592 14449 16812 18548
7 0989  1.690  2.833 6346 12017 14067 16013 18475 20278
8 1344 2180  3.490 7348 13362 15507 17.535 20000  21.955
9 1735 2700 4168 8343 14684 16919 19023 21666  23.589
10 2156 3247 4.865 9342 15987 18307 20483 23200  25.188
1 2603 3816 5578 10341 17.275 19675 21920 24725 26757
12 3074 4404 6304 11340 18549  21.026 23337 26217 28300
13 3565 5000  7.042 12340 19812 22362 24736  27.688  20.819
14 4075 5629  7.79  13.339 21064  23.685 26119 20141 31319
1S 4601 6262 8547 14339 22307 24996  27.488 30578  32.801

P, probability; a, degrees of freedom.
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