Problem Set 5 – Techniques and Applications of Genetics
1.  The polymerase chain reaction is a chemical and thermal process that amplifies a specific region of DNA.  Explain the roles of the following components of a PCR in the process.
a.  template DNA

b.  primers

c.  dNTPs

d.  Taq DNA Polymerase

e.  denaturation, annealing, and extension temperatures (identify their function and temperature order)

2.  A gene related to human hearing encompasses 1123 nucleotides, including all its introns.  There is an EcoR1 restriction site 93 nucleotides upstream of the gene and a second restriction site 112 nucleotides downstream of the end of the gene.  There are four known mutations in this gene that can cause deafness.  The mutations are all in the same region of the gene:
TCGGATTCCCAGG
(the first T-A pair is +316)
AGCCTAAGGGTCC


The four known mutations are:


dt-1:  a transition of T to C

dt-2:  a transition of G to A


dt-3:  a transversion of G to T

dt-4:  a transversion of T to A

a.  Which of these mutations could cause a new restriction site for EcoR1?
A family that carries the specific mutation specified in part a. is represented in the pedigree below.  An RFLP analysis of this gene using the EcoR1 enzyme is conducted on both daughters.
b.  Draw out the gel showing the results of the RFLP analysis for both daughters, indicating the sizes of each band on the gel.
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3.  A woman has a child and does not  know which of four men is the father.         A paternity analysis using specific VNTR markers results in the following data.
a.  Who is the likely father of the child?

b.  Using semi-log graph paper (or Excel), graph the migration of the size standard and identify the sizes of all the bands in the mother’s genotype.
4.  What is cDNA?  Explain how cDNA is used in microarray applications and in recombinant DNA technology.  Why can’t genomic DNA be used in these protocols?

5.  A pond contains a total of 3600 fish of the same species.  One member of this population exhibits an abnormally shaped dorsal fin that reduces its swimming ability.  The trait is known to be due to an autosomal recessive allele.  How many fish in this population are expected to carry this allele in the heterozygous state if Hardy-Weinberg equilibrium exists for the alleles involved?

6.  The following genotypes were observed in a population:

Genotype

Number










     HH


     40










     Hh


     45










     hh


     50

a.  Calculate the observed phenotypic, genotypic, and allele frequencies for this population.

b.  Calculate the numbers expected for each genotype if this population were in H-W equilibrium.


c.  Determine whether the population is in Hardy-Weinberg equilibrium.

7.  In a population of 5000 people, half of which are female and half male, there are 75 color blind males.  How many women in this population would you expect to be heterozygous for the color blind allele if the population is in Hardy-Weinberg equilibrium?  (Don’t forget that color blindness is X-linked recessive.)
8.  A recessive allele for red hair has a frequency of 0.2 in population I and a frequency of 0.01 in population II.  A famine causes a number of people in population I to migrate to population II.  Geneticists estimate that after migration 15% of the people in population II are migrants from population I.  What is the new frequency of red hair in population II (assuming random mating after migration)?
9.  Consider a population in which the frequency of allele A is p=0.7 and the frequency of allele a is q=0.3 and where the alleles are codominant.  What will the allele frequencies be after one generation in the following scenarios?


a.  wAA = 1, wAa = 0.9, waa = 0.8

b.  wAA = .8, wAa = 1, waa = 0.8

10.  The following is a multiple alignment series for five hypothetical species.  Using the UPGMA method, generate a scaled phylogenetic tree based on this gene sequence.

         10

        20


        30

                     40

                     50

1:
GCCAACGTCC

ATACCACGTT

GTTTAGCACC

GGTTCTCGTC

CGATCACCGA

2:
GCCAACGTCC     
ATACCACGTT     
GTCAAACACC

GGTTCTCGTC

CGATCACCGA

3:
GGCAACGTCC

ATACCACGTT

GTTATACACC

GGTTCTCGTC

AGGTCACCGA

4:
GGTAACGTCC

ATATCACGCT

GTCATGTACC

GGTCCTCGTC

AGATCCCCAA

5:
GGTGGTGTCC

ATATCACGTT

ATCATGTACC

GGTACTCGTC

CGATCACCGA

11.  If the rate of nucleotide change per site per year is 2 x 10-9, and the average number of nucleotide differences per site between two species is 0.2, how long has it been since the two species diverged?
12.  The following variances were calculated for two traits in a herd of hogs:
	Trait
	VP
	VG
	VA

	Back Fat
	30.6
	12.2
	8.4

	Body Length
	52.4
	26.4
	11.7


a.  Calculate both the broad-sense and narrow-sense heritabilities for both of these traits.
b.  Which trait will respond best to selection by the breeder?

13.  Body length in a particular tropical fish species was measured in parents and offspring for 10 families:

	Mean Length of Parents (cm)
	Mean Length of Offspring (cm)

	15.0
	15.2

	15.7
	16.3

	18.8
	19.3

	16.5
	16.3

	16.0
	15.2

	14.2
	15.7

	17.0
	18.3

	18.3
	17.5

	15.2
	16.3

	17.3
	18.0


a.  Using Excel (or any other program you have), plot these data and determine the regression coefficient 
(r2) and the correlation coefficient (r) for this parent-offspring analysis. 
b.  What is the narrow-sense heritability for the body length trait in this population?
c.  If you conducted another parent-offspring analysis for another population of this species of fish, would you expect to get the same narrow-sense heritability value?  Explain.

14.  Using the same fish species above, the researcher finds that the mean weight of the parent population is 18.7g.  The researcher only breeds the heaviest ½ of the fish population and their mean weight is 21.2g.  The mean weight of their offspring is 19.2g.  What is the narrow-sense heritability of body weight in this fish species?
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