Sample Selection Problems (both 1 gene, 2 allele and quantitative genetic)

######################Four more linked questions!#######################

In the film we saw showing Yellowstone wolves, you may have noted substantial ‘color’ variation in wolf fur.  While the genetics of fur color are somewhat complex, there are three ‘overall’ color morphs that can be classified as light gray (dd), intermediate (Dd), and dark (DD).  Other genes act to modify the specific expression of these genes, but we’ll ignore those in this problem.

Significant wolf mortality occurs in the cold winter months when food is harder to obtain.  Dark wolves are at a disadvantage because they ‘stand out’ against the snow, and have a more difficult time stalking their prey.  The light gray wolves are at a disadvantage because they are not as attractive to female wolves, thus they leave fewer offspring.  All of this leads to a pattern where intermediate wolves have the highest fitness.  Let p be the frequency of D.

1.  Which ‘case’ of selection is this?

(A) selection against the dominant allele

(B) selection against the recessive allele

(C) selection against the intermediate genotype

(D) heterozygote superiority

(E) heterozygote inferiority

2.  If wDD=0.6, wdd=0.8, and pt=0.9, what is pt+1?

(A) 0.92

(B) 0.90

(C) 0.85

(D) 0.67

(E) 0.33

3. If this selection regime continued for a long time, what would the allele frequency (p) of D be?

(A) 0.900

(B) 0.500

(C) 1

(D) 0

(E) 0.333

4. What can be said about the expected frequency of dark wolves after a long time, compared with now (time t)?

(A) There will be no change in the frequency of dark wolves

(B) There will be an increase in the frequency of dark wolves 

(C) There will be a decrease in the frequency of dark wolves

(D) It is impossible to predict what will happen to the frequency of dark wolves

(E) Dark wolves will disappear completely due to selection against them (lower fitness in winter)

#########################end of linked questions###########################

(((((((((((((((((((((((((((((((((((the following 4 questions are linked)))))))))))))))))))))

(Note:  This problem is very similar to the above.  You may want to skip it if you had no problem with 1 – 4.  Though you might check out #8.)

In British Columbia, allele B1 codes for dark coat coloration in a wild wolf population (B2 codes for light color), but it shows incomplete dominance, so there are three phenotypes; dark, medium and light.  These three phenotypes show different propensity fitness values:

Dark: 0.95

Medium: 1.42

Light: 1.16

5.  Which 'case' of selection is occurring in these wolves?

(A) Case 2: Selection against the dominant

(B) Case 3: Selection against the recessive

(C) Case 4: Linear arrangement of fitnesses

(D) Case 5: Heterozygote superiority

(E) Case 6: Heterozygote inferiority

6.  If p (freq. of B1) is 0.9 in generation 1, and we assume initial Hardy-Weinberg frequencies, what will p be in generation 2, given the selection regime described above?

(A) .9213

(B) .9000

(C) .8655

(D) .6832

(E) .5000

7.  After many generations of selection, what equilibrium p will be reached?

(A) .3310

(B) .1831

(C) .3562

(D) .4502

(E) .6438

8. What example of selection in human populations is most similar to that described above for wolves?

(A) Blood groups

(B) Huntington's disease

(C) Cystic fibrosis

(D) Sickle cell anemia in a nonmalarial environment

(E) Sickle cell anemia in a malarial environment

((((((((((((((((((((((((((((((((((((((end of linked q's))))))))))))))))))))))))))))))))))))

%%%%%%%yet more linked questions, don’t they ever stop?%%%%%%%%

Coyotes have experienced a change in their environment in Yellowstone National Park in the last 10 years: Wolves were introduced in 1995-96! (I told you I liked wolves!).  Park personnel have started noticing a slight change in the coyote population - individuals seem to be smaller than they were, on average, a decade ago.  

9.  Some have attributed the shrinkage of the average size of coyotes in Yellowstone to an indirect genetic effect of competition with wolves.  If that was true, what process is taking place here?

(A) the Volterra effect

(B) the Allee effect

(C) character displacement

(D) competitive exclusion

(E) optimal predation

10.  A wildlife biologist decides to try to measure this phenomenon by directly examining fitness of coyotes of different size in Yellowstone.  As a measure of success in leaving offspring, the biologist decides to examine the number of coyote pups per litter surviving for one year - calling this quantity 'recruitment success' and equating this with fitness.  Plotting recruitment success (y-axis) vs. mean body mass of the two parents, the following relationship was shown, and the regression was shown to be significantly different from zero.  Does this figure support the idea that selection is favoring smaller coyotes?
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(A) Yes.

(B) No. Selection is favoring larger coyotes

(C) No. Selection is stabilizing

(D) No. Selection is disruptive

(E) No. There is no selection going on

11.  The biologist later measures adult size of those pups, and regresses offspring size vs. midparent size (see figure).  What is the heritability of size in coyotes?
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(A) 0

(B) 0.21

(C) 0.24

(D) 7.50

(E)  9.90

12.  If the 'selected parents' are, on average, 3 kg lighter in weight than 'unselected' parents, what is the predicted body mass of coyote offspring in the next generation, assuming parents had a mean body mass of 10 kg?

(A) 10.72 kg

(B) 9.28 kg

(C) 7.50 kg

(D) 7.00 kg

(E) 11.49 kg

%%%%%%%%%%%%%%%%%end of linked%%%%%%%%%%%%%%%%%%%

######################the following 3 questions are linked##################

Tadpoles with large tails are more effective at resisting predation than tadpoles with short tails.  Let’s imagine that large tails are due to a homozygous recessive genotype, B2B2.  

Imagine an initial starting population is in Hardy-Weinberg equilibrium and the large-tailed tadpoles represent only 1% of the population.

13.  What is the frequency, p, of B1 in the population (assume only 2 alleles exist)?

(A) 0.1

(B) 0.2

(C) 0.5

(D) 0.9

(E) 0.99

14.  A predator is introduced to the pond containing this species of tadpoles, and small-tailed individuals are at a severe disadvantage.  The selection coefficient against small-tailed tadpoles is 0.9!  What change in p will be predicted in one generation as a result of this strong selection?

(A) 0.9000

(B) 0.8257

(C) 0.6333

(D) 0.0743

(E) 0

15.  If the predator stays in the pond and continually acts as a selective force, what will the eventual frequency of B2 be?

(A) 0

(B) it will approach 0, but not actually reach it

(C) 1

(D) it will approach 1, but not actually reach it

(E) 0.5

##################################end of linked##########################

16.  The local weedy roadside ditch flower, Dame’s rocket, shows 3 flower color morphs; purple, pink and white.  Let’s imagine the genetics of this is simple (1 gene, two alleles, incomplete dominance).  A specialist who studies pollination shows that all three phenotypes are pollinated by different suites of pollinators.  By capturing the pollinators on each flower color, she shows that while the rate of visitation by pollinators is similar, the pollinators visiting the pink flowers carry 28% more pollen than those visiting purple or white flowers.  If this translates into differential seed production, then an explanation for the polymorphism in the population is at hand:

(A) selection against the dominant

(B) selection against the recessive

(C) heterozygote superiority

(D) heterozygote inferiority

(E) stabilizing selection

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^2 linked Q’s^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

17.  Emily Mooney recently published a paper in Conservation Genetics showing that fitness of American ginseng increased as size increased in a linear fashion according to the equation: W=0.246*Size + 0.254.  This suggests what pattern of selection in this species?

(A) Selection against the dominant

(B) Selection against the recessive

(C) Heterozygote superiority

(D) Directional selection

(E) Stabilizing selection

18.  After showing the selection pattern in the absence of harvesters, she ‘set loose’ 4 trustworthy harvesters to go find and mark plants they saw in the population to simulate harvest.  She found that the fitness-size relationship had changed, and followed the equation:  W=0.243 + 0.359*Size – 0.035*Size2.  What kind of selection would be suggested by this pattern?

(A) Selection against the dominant

(B) Selection against the recessive

(C) Heterozygote superiority

(D) Directional selection

(E) Stabilizing selection

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

------------------------------------The following 5 problems are linked-----------------------

Global warming is likely to exert strong selective pressures on certain traits.  One such trait involves fur color in boreal ecosystems.  With reduced snow cover in certain conifer forests, snowshoe hares that no longer turn white in winter may be gaining a selective advantage.  As a starting point for measuring this, an ecologist places ear tags on 100 winter-white snowshoe hares and 100 winter-brown hares.  She returns in spring to estimate survival, with the following results: 68 winter-whites survived, while 82 winter-browns survived.

19.  What is the relative fitness of winter-white and winter-browns?

(A) w(winter-white)= 0.68, w(winter-brown)=0.82

(B) w(winter-white)= 0, w(winter-brown)=1

(C) w(winter-white)= .83, w(winter-brown)= 1

(D) w(winter-white)= 1, w(winter-brown)= 1.21

(E) w(winter-white)= 0.17, w(winter-brown)=0

20. If the genetics of winter fur color is determined simply by a dominant gene B, which codes for winter-brown fur, and the frequency of this gene is p = 0.01 in the population now (time t), what will the frequency be after one generation (at t+1), given the selection regime described above.

(A) 0

(B) .01

(C) .012

(D) .021

(E) .036

21. Which ‘case’ of selection is this?

(A) Selection against the dominant

(B) Selection against the recessive

(C) Heterozygote superiority

(D) Heterozygote inferiority

(E) Linear arrangement of fitnesses

22. Based on what you know about the different ‘cases’ of selection, what do you think are the chances of seeing winter-white snowshoe hares in, say, 100 years, if climate change continues in this direction?

(A) This is strong selection, so the allele b would be eliminated from the populations, even if the populations were large

(B) The intermediate fitness of intermediate phenotypes would keep populations polymorphic for a long time to come

(C) The superiority of Bb’s would mean you would definitely see white hares in the future

(D) You would occasionally still see white hares in 100 years because it is difficult for selection to remove recessive alleles

(E) It is impossible to say how often you would see white hares, because the climate does not change unidirectionally

23. Which selection pattern in humans is analogous to that being observed in hares?

(A) Blood groups

(B) Huntington’s disease

(C) Cystic fibrosis

(D) Sickle cell anemia in a non-malarial environment

(E) Sickle cell anemia in a malarial environment

--------------------------------------------end of linked questions----------------------------

++++++++++++++++The following 3 questions are linked+++++++++++++++++++

24. Let  equal the slope of a linear regression of fitness (y-axis) on emergence date (x-axis) in an invasive annual plant.  If  = -0.45, and this slope is significantly different from zero, what can we say about selection on emergence time?

(A) Selection is directional, and favors early emergence

(B) Selection is directional, and favors late emergence

(C) Selection is stabilizing, and favors intermediate values of emergence

(D) Selection is disruptive, and favors extreme values of emergence

(E) Selection only operates on genetically variable traits, so we don’t know the pattern of selection from this information

25.  Let  be the slope of the regression of offspring emergence date (y-axis) vs. midparent emergence date.  If  = 0.63, what have we learned about the genetics of emergence date?

(A) heritability = - 0.45, and therefore the trait cannot evolve

(B) heritability = 0.63, and therefore emergence date in the next generation will be earlier than in this generation

(C) heritability = 0.63, and therefore emergence date  in the next generation will be later than in this generation

(D) heritability = 0.79, and therefore emergence date in the next generation will be earlier than in this generation

(E) heritability = 0.79, and therefore emergence date  in the next generation will be later than in this generation

26.  If the average emergence day in the parent population is Julian day 100 (this = the number of days after December 31) and the average for ‘breeding parents’ is Julian day 95, what is the expected emergence day for offspring (generation t+1)?

(A) 91.85

(B) 96.85

(C) 98.15

(D) 102.25

(E) 103.15

+++++++++++++++++++++++++++end o linked+++++++++++++++++++++++++

