Midterm Corrections 4103
A.

1. Evolution is the process that results in heritable changes in a population (Biological evolution refers to populations not to individuals) which is spread over many generations by which species come to possess genetic adaptations to their environment. The mechanism for evolution is natural selection.  Adaptation, on the other hand, can be considered as the actual heritably and genetically determined trait or characteristic that enhances the ability of an organism to cope with its environment.  
B.  

1. Inclusive fitness is the fitness gain acquired through incorporating both direct fitness, which is the component of fitness gained through personal reproduction and indirect fitness,the component of fitness gained from aiding the survival of non-descendent kin like siblings.
2. Natural Selection is the mechanism of evolution which relies on the heritability of favourable variation to create differential reproductive success among individuals via alleles that enhance survival and subsequent reproduction of these individuals, thereby increasing the frequency of these alleles across generations. Natural selection provides the correlation between the beneficial adaptive trait and its effect on the fitness of the individual in terms of its reproductive success contributing to future generations.
3. Genetic Drift is the random fluctuations in allele frequencies due to small population size, random sampling of gametes and other chance events that occur in each generation. Since it is random, it can cause beneficial adaptations to be eliminated or harmful ones to become common in a population. Its ultimate effect is to decrease genetic variation within a population and since it acts independently and randomly in each population, it will cause isolated populations to diverge from one another (population bottleneck).
4. The Hardy-Weinberg Principle states that if only random mating occurs ( no outbreeding or inbreeding, the population size is large (no effects of random genetic drift), with no migration (i.e., gene flow), no mutation and no Natural Selection (no selective forces), then allelic and genotypic frequencies remain unchanged over time. After one generation of random mating, genotypic frequencies are given by:

AA = p2

Aa = 2pq
aa = q2


p = freq(A)
 q = 1 – p

such that  p2 + 2pq + q2 = 1
5. Equilibrium:
A situation where two alleles can coexist in a population conferring about the equivalent fitness, and neither one will go to fixation.

6. In trying to detect deviations from Hardy-Weinberg equilibrium, Sewall Wright developed three fixation indices to evaluate population subdivision. These have been dubbed “Wright’s F-statistics” or just F-statistics. One of these is the inbreeding or interindividual coefficient, FIS, is defined as the probability that two alleles in an individual are identical by descent (IBD) and are autozygous, and is denoted by the equation FIS = (HS - HI)/HS and ranges from -1 to +1. Positive FIS values indicate inbreeding or mating occurring among closely related individuals more often than expected under random mating. Or in other words, positive values for the coefficient means high homozygosity and low heterorzygosity whereas negative values is vice versa. Small populations tend to have more positive values.
C.

1. Darwin stated that in order for Natural Selection to occur these conditions would have to be met:

·  More offspring are to be produced than can survive and reproduce, resulting in a “struggle for existence” when food and resources are scarce.
· Individuals in a population must have varying genotypes (Darwin didn’t know this but, the variants are due to the mutation and/or recombination of their genomes).
· Some of these variations of the individual are heritable and can be passed on to the next generation (Darwin didn’t know this either but if the alleles are carried by the gametes then the trait is heritable).
·  Individuals with the beneficial genotypes will differ in their ability to survive and reproduce at a higher rate.
· Genotypes that promote competitive survival and reproduction are disproportionately represented in the next generation.
· The frequency of these advantageous genotypes can accumulate in a population.

· This slow accumulation of advantageous variations allows a population to diverge pretty much without limit from its original state.

Darwin’s Natural selection in a nutshell needs three conditions for natural selection.
1. Variation of trait among individuals

2. Heritability of trait from parents to offspring

3. Finite resources

 So that there is differential survival and/or reproduction (=fitness) of individuals

2.
W=absolute fitness, w=relative fitness

For each allele D and d,

DD W=# of offspring,   w=WDD/WDd=20/44=approx 0.45
Dd W=#,   w=WDd/WDd=44/44=1

dd W=#,   w=W dd /Wdd=24/44=approx 0.54
selection coefficient, s:

sD=1-wDD=1-0.4=0.55
sd=1-wdd=1-0.6=0.46
Frequencies of each allele in the adult generation,
p=Freq(A) = s1/(s1+s2) =0.55/(0.55+0.46)=0.545
q=1-p=0.445
2pq=0.496

mean population fitness of the generation = Wbar = p WA + (1-p) Wa = (0.545x0.45) + (0.445x0.54) = 0.245 + 0.24 = 0.48555

3. Types of Mutations

Chromosomal Mutations which can occur as duplications (polyploidy) of an entire chromosome set of which there are two forms; autopolyploids (within one species) and allopolyploids (between species) which typically occur within plants (such as cotton, wheat) but are rare in animals. Chromosomal deletions (aneuploidy) can lead to birth defects such as Down Syndrome. Chromosomal inversions can cause a 180º rotation of a piece of chromosome, Chromosomal translocations (chromosomal breakage and reattachment) is a mutation that moves a portion of a chromosome to a new location, generally on a different chromosome. 

Point Mutations are changes in a single nucleotide in a DNA sequence. The can be transition (purine to purine, pyrimidine to pyrimidine) or transversion (purine to pyrimidine) base substitutions. Point mutations are insertion or deletion, indel, mutations

They can result in either a silent mutation, changes one codon for an amino acid to another codon for that same amino acid, or a missense mutation, replace one amino acid for another; and Nonsense mutation which is the insertion of a premature (stop) codon .

Frameshift Mutations or Indels occurs when one or more paired nucleotides that is not a multiple of 3 are inserted or deleted in the coding region of a gene. Causing triplet codons to be read in the wrong frame resulting in that the reading frame in protein coding regions changes, resulting in different protein residues from that point on and often premature termination. The inserted or deleted swquence can be as small as a single base pair or as large as several hundred.
Gene Duplications

Are duplications of one or more protein-coding genes and have been important in evolution because they create new genetic material on which natural selection can occur. Some of these somwtimes leads to new cellular functions.
D.
See midterm for all values :
Observed Heterozygosity (Ho) =  p12 = N12 /N

Expected Heterozygosity (He) = 2pq

N = 150
HO 1-40 = 0/150 = 0, HO 41 = 25/150 = 0.166 = 0.17, HO 42, 43 = 25/150 = 9 /150 = 0.06
HI = 2pq = [(40)(0) + 0.17 + 0.06 + 0.06]/43 = 0.0067 = average heterozygosity of an individual in a subpopulation

  

HS = 2pq = [(40)(0) + 2(.49)(.51) + 2 (0.83)(0.17) + 2 (0.91)(0.09)]/43 = 0.0220

  

HT is estimated by calculating the frequency of alleles in the entire population

  

q = [(40)(1) + 0.49 + 0.83 + 0.91]/43 = 0.9821

HT = 2pq = 2 (.9821) (0179) = 0.0352

  

The F-statistics are

  

FIS = [HS - HI]/HS = [0.0220 - 0.0067]/0.0220 = 0.70

When FIS = 1 indicates high homozygosity which would suggest inbreeding seems to be significant.
FIS measures deviations from HWE within subpopulations taking into account only those factors acting within subpopulations (see question 6 in Part A for details).

FIS = (HS - HI)/HS and ranges from -1 to +1

Where HI is the average of the observed heterozygosities, and HS   is the average of the expected heterozyogisities.
FST = [HT - HS]/HT = [0.0352 - 0..0220]/0.0352 = 0.35

This is the amount of deviation from heterozygosity due to population subdivision. 
 FST measures the degree of differentiation among subpopulations which is possibly due to population subdivision. FST estimates this differentiation by comparing He within subpopulations to He in the total population. 

FST = (HT- HS)/ HT and ranges from 0 to 1.

Where HT is the expected heterozygosity in the total population, and HS is the average of the expected heterozyogisities. The range of FST values will always be positive because He in subpopulations can never be greater than He in the total population. [from lectures it was stated that 0.05 --> 0.15 = moderate genetic differentiation. 0.15 --> 0.25 = high genetic differentiation. > 0.25 = very high genetic differentiation.]

FIT = [H T - HI]/HT = [0.0352 - 0.0067]/ 0.0352 

 = 0.81.  This reflects a large divergence from expected heterozygosity due to the combined effects of self fertization and subdivision of populations resulting in genetic drift.

FIT is rarely used. It it measures the deviation in heterozygosity among individuals relative to the total population.
FIT = (HT - HI)/HT and ranges from -1 to +1
Again I had another really high value, signifying that reproduction and prominence of heterozygotes is low suggesting inbreeding.

b) The FST value that I got for this question suggests high genetic variation between subpopulations, but since we are dealing with plants this can be explained by the fact that these subpopulations are composed of clones that reproduce either clonally or through self fertilization.

c) Since acquiring a mutation level of 50% takes a lot of time, and not a few generations probably eliminates mutation as affecting FST, population size probably isn’t a cause in this case either, so the likely thing affecting FST is genetic drift which can occur over a short span of a few generations.
2.

Mutation occurs by random changes in both forward and reverse directions in genetic material of which there are a variety of types (nucleotide insertions, deletions, chromosomal changes, and polyploidy, gene duplication, etc). It is the source of genetic variation and each new mutation has the potential to give rise to a new allele within the population.

 This influx of new alleles and change due to mutation is balanced by random genetic drift (which also is a mechanism for change) is the chance fluctuations in allele frequency due to random sampling among gametes. It is inversely related to population size (small populations are very susceptible to this effect) and results in the loss of genetic variation and can remove alleles from a population. Genetic drift can occur via population bottlenecks, founder effect, differentiation (Allopatric or Sympatric speciation).
