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1) Briefly (i.e., in asingle sentence) definein words all of the following and be very specific. (20 points)

a)
b)
c)

d)

€)

f)
Q)
h)

i)

)

Allele—alternate form of a gene.
Evolution—changein allele or character frequency over time

Additive Relationship Between Genotype and Phenotype — Heter ozygote phenotypeis
intermediate between the homozygotes.

Genetic Drift — stochastic or random changein allele of character frequency dueto
sampling errorsin finite populations

Relative Fitness— T he fitness of individual phenotypesrelative to the most fit
phenotype.

Transversion —a point mutation from a purineto a pyrimidine or visa versa
Allozygous aleles—two alleles that areidentical by state but not descent.
Homology — char acter sthat share a common evolutionary origin

Inbreeding Depression —the reduction in fitness that accompanies inbreeding and the
subsequent expression of recessive, deleterious alleles while in the homozygous state.

Linkage Disequilibrium —the obser ved association of alleles at two loci not in proportion
to what is expected based on the independent allele frequencies.

2 ptseach

20 Points
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2) Mutation is the primary mechanism by which new variation enters natural populations. In class, |
discussed severa types of mutations. Name and describe 4 of the 6 types of POINT MUTATIONS
that | covered (8 points)

2 ptsfor 4

a) frame shift —the alteration of thereading frame of a exon dueto insertionsor
deletions. Usually has a lar ge effect (i.e., loss of function).

b) Transitions —the substitution of a purine with a purine or a pyrimidine with a
pyramidine.

c) Transversion —the substitution of a purine with a pyrimidine and visa versa

d) synonymous — substitutionsin a coding region that do not change the amion acid
specified.

€) nonsynonymous — substitutionsin a coding region that do change the amion acid
specified.

f) nonsense — substitutionsin a coding region that change an amion acid codon to a stop
(nonsense) codon.

3) Diagram (i.e., draw apicture of) each migration model listed below. Describe in detail how migration
links the populations (9 points)

a) Isand Model — migration isfrom every population to every other population.
Individuals move from population 1 to population 2 as easily asthey
move from 1to 3 or any other combinations of populations.

\% 2 pts

b) Stepplng Stone Model —each population receives migrants from neighboring
populations. The movement of individuals between

m m m adjacent populationsis higher than between nonadjacent
Q/DHG H%H populations 2 pts
1pt

c) Isolation by Distance Model — in a continuously distributed population, gene flow
occurs among local neighborhoods. The frequency of movement between
proximate parts of the populationsis higher than between distal parts of

the population. 2 pts

1pt

17 Points
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4) What are the 5 Hardy-Weinberg assumptions? (10 points)
a) infinite population size
2 ptsea b) random breeding with respect to genotype
C) no mutation
d) no migration (immigration or emigration)
€) no selection

Genotype Number Observed
AA, 700
AA, 110
AA, 190
Totd 1,000
f) What are the frequencies of the genotypes in the population [i.e., F(A,A,), F(A,A,), and
F(AA)]?
700
1pt  F(A,A,)= —— =0.700
p (AA) 1000
110
F(A,A,) = — =0.110
1pt (ALA,) 1000
190
F(ALA,)) = — =0.190
1pt (AA,) 1000

g) What are the allele frequencies in the population [i.e., F(A;) and F(A,)]?
700+ 55 1400+ 110

1pt  F(A)= o0 " 2000 0.700+ 0.055 = 0.755
+ +
1pt F(A,) = 10+55 B0+ (0.190+ 0.055) or (1—0.755) = 0.245
1000 2000

h) Is the population in Hardy — Weinberg equilibrium? How could you test this?

1pt  F_ (A,A,)=0.755 = 057025
1pt  F,,,(A,A,)=2x0.755Xx 0.245 = 0.36995
1pt  Fup(A,A,) = 0.2452 = 0.060025

Genotype Number Observed Number Expected Difference

A 700 570.025 +129.975
A A, 110 369.950 —259.950
AA, 190 60.025 +129.975
Total 1,000

NO, this population is probably not in HWE. As shown in the table above, there clearly
are too many homozygotes and too few heter ozygotes observed. A ? test will detect
significance where

1pt

. (observed - expected)®

expected
i) Describe a situation that might have resulted the observed genotype frequencies?

1pt

Thisislikely a case of underdominant selection, positive assortative mating or
2 pts inbreeding because ther e are too many homozygotes and too few heter ozygotes. It is
possible that selective migration of the heterozygotesis possible, but unlikely to
produce such alarge deviation. 22 Points
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5) There are three general ways that selection can act on phenotypic variation. In the graph axes below,
a) Name each type of selection (3 points).
b) Draw the appropriate fitness functions (4.5 points).
c) Draw the phenotypic frequency distribution after selection (i.e., how does the curve change?).

(4.5 points).
Type of Selection: _Dir ectional 1pt
1.5 pts Before
Selection After
Fitness Frequency Sel /eCtl on
4
15pts
Phenotype Phenotype
1 pt
Type of Sdlection: _Stabalizing/over dominance
1.5pts
b Before After
_ Selection Sdlection
Fitness Frequency
1.5pts
Phenotype Phenotype
1pt
Type of Selection: _Disruptive/lunderdominance
Before
1.5pts Selection After
Fitness Frequency L Selection
1.5 ots
Phenotype Phenotype

12 points
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6) When considering the Neutral Theory of Molecular Evolution and the change in frequency of a
grictly neutral allele over time (i.e., generations):

a) What is the rate of neutral evolution? (3 points)
3pts k=p=mutation rate

b) How long doesit take this allele to become fixed? (3 points)
3pts 4N, where N, isthe genetically effective population size.

c) Doesthetimein question b, above, depend on the population size? How and why or
why not? (3 points)

3 pts Yes, drift isfaster in smaller population and slower in large populations because the
effect of missed sampling of one or even a few individualsis proportionally larger in

smaller populationsthan in large.

Therate of neutral evolution does not change with population size (i.e., K =2N u * (L/2N,) = 1)

d) Explain why thisistrue by describing in words the meaning of the underlined variablesin the
equation above (i.e., what do 2N u and /2N, represent and why?). (3 points)

2N 1 — in a population there are 2N, number of allelesand each one of them can mutate at a
1pt rate of p. That meansthat new alleles are being generated by mutation at a frequency of

2N M.

— Thisisthe frequency of anew allelein the population. Thisis also the probability

that thisallele will go to fixation.

1pt Taken together, therate at which new mutation go to fixation in a population isthe
combined probabilities of them being generated and the probability of fixation or

2N_p* 1/2N,

Frequency

12 points



Evolution Midterm | Key Page 6
7) Considering a population that is in Hardy-Weinberg Genotype Frequency Equilibrium at birth, answer
the following questions.

a) For Overdominance Selection (aka Stabilizing or balancing selection), fill in the
following table with the appropriate variables. (4 points).

Genotype AA Aa aa
2 pts Frequency at Birth p2 2pq q°
2 pts Relative Fitness 1+s 1 1+t

sand t above are the selection coefficients and ar e negative

What are the equilibrium allele frequencies? (2 points)

0.5 pts 0.5 pts

1pt P= ,p=00,and p=10

s+t

For the graph below, what model of selection doesit describe? Please label ALL
equilibrium points. Indicate whether these points are stable or unstable and whether
the population is polymorphic or monomorphic. Be sure to label the axes of the graph
(in words not symbols) (5 points).

Model;_Overdominant model 1 pts

O.1
1pt 0.08 +
- 4 1pt unstable 1 pt stable,
changein ©-©6 ' 0.5 pts :
frequency o oa . monomor phic pts polymor phic
of p 0.5 pts
0.02 -
O T T T T T T T T T T T T T
(0] 0.1 0.2 0.3 04 0.5 0.6 0.7
-0.02
_0.04 Frequency of p 1 pt

b) For Directional Selection with dominant, deleterious allele“a’, fill in the following
table with the appropriate variables (4 points)

Genotype AA Aa aa
2pts  Frequency before Selection p2 2pq 92
2 pts Relative Fitness 1 1-s 1-s

What are the equilibrium allele frequencies? (2 points)
2pts p=0.0and p=10

17 points



