Problem Set 2 – Sex Determination, Linkage, Gene Mapping, & Non-Mendelian Inheritance
1.  Miniature wing form in the fruit fly, Drosophila, is determined by the allele, m, which is carried on the X chromosome and is recessive to the allele for normal wings, M.  A miniature-winged female is mated with a normal-winged male.


a.  What genotypes and phenotypes would be expected among their progeny?


b.  What progeny phenotypes would be expected from mating an F1 female with the father?


c.  What progeny phenotypes would be expected from mating two F1 flies?

(3.2; 3.5; 3.7*be careful)
2.  Hemophilia is a blood clotting disorder caused by an allele, h, which is carried on the X chromosome and is recessive to the allele for normal blood clotting, H.  A woman whose father was a hemophiliac and whose mother was normal with no family history of hemophilia marries a man who exhibits normal blood clotting.


a.  What is the probability that a daughter will have hemophilia?


b.  What is the probability that a son will have hemophilia?


c.  What is the probability that their first child is a hemophilic boy?

(3.3; 3.4; 3.15; 3.17; 3.22)

3.  Assume that nondisjunction of the X chromosome occurs during the first meiotic division of egg production in a human female and that the egg is fertilized by a normal sperm cell.  Identify all of the sex-chromosome combinations that might occur in a zygote.

(3.13; 3.14)

4.  The following sketch shows a pair of duplicated homologous chromosomes in a tetrad configuration with a crossover occurring between loci a and b.  (The point where the two chromosomes are touching is the chiasma.)


[image: image1]
Sketch the chromosome pair at the end of the first meiotic division and at the end of the second meiotic division, identifying which alleles are on which chromosomes.  Label each chromosome produced following the second meiotic division as either a recombinant or non-recombinant (parental) type.

	A
	B
	#

	dominant
	dominant
	45

	dominant
	recessive
	36

	recessive
	dominant
	42

	recessive
	recessive
	37


5.  A cross between true-breeding parents (AABB X aabb) results in an F1 generation that is test-crossed with homozygous recessive individuals. 

The phenotypes of the F2 generation were:


Are these loci linked or independent?

If they are linked, how far apart are they?

(5.2)

6.  Loci d, e, and f are linked.  A series of two-point test crosses yields the following information:  genes D and E recombine with d and e in 6% of the offspring; D and F recombine with d and f in 22% of the offspring; and E and F with e and f in 16% of the offspring.  Draw a map showing the relative locations of these loci and the distances between them.

(5.3; 5.4)

7.  In Drosophila melanogaster, ebony body (e) and rough eyes (ro) are encoded by autosomal recessive genes found on chromosome 3; they are separated by 20m.u.  The gene that encodes forked bristles (f) is X-linked recessive and assorts independently of e and ro.  Give the phenotypes of the progeny and their expected proportions when a female of the following genotype is test-crossed with a male.

e+
ro+
f+


e
ro
f

8.  Among the loci carried on the third chromosome in the fruit fly Drosophila melanogaster are those determining the traits of antennae form (where the recessive allele, th, produces a thread-like tip to the antennae), wing form (where the recessive allele, cu, results in the wings being curled), and thorax appearance (where the recessive allele, sr, produces a striped thorax).  The dominant allele at each of these loci produces the wild phenotype for each of these traits.  Nothing is known about the sequence of these loci.  A female fly, heterozygous for each of these loci, is mated with a male homozygous recessive for each of these loci.  The 1000 progeny fall into the eight phenotypic classes listed in the following table.



          


      Phenotype
	Class
	Antennae
	Wing
	Thorax
	Frequency

	1
	Wild
	Wild
	Wild
	413

	2
	Thread
	Wild
	Wild
	35

	3
	Wild
	Wild
	Striped
	54

	4
	Wild
	Curled
	Wild
	2

	5
	Thread
	Curled
	Wild
	66

	6
	Wild
	Curled
	Striped
	29

	7
	Thread
	Curled
	Striped
	398

	8
	Thread
	Wild
	Striped
	
	3

	
	
	
	Total:
	1000



a.  Identify the classes of progeny that received non-recombinante (parental-type) gametes from the triple-

heterozygous parent.


b.  Identify the classes of progeny that received double crossover-type gametes from the triple-


heterozygous parent.

c.  Sketch a map showing the sequence of these loci and the relative map distances separating them.

(5.8; 5.11; 5.13)

9.  Identify which mode of bacterial DNA transfer (conjugation, transformation, or transduction) to which each of the following applies.

a.  active transport


b.  cytoplasmic bridges


c.  bacteriophages


d.  F-plasmid

10.  An interrupted mating experiment is carried out between an Hfr strain that carries wild-type alleles for four different nutritional genes (r+, s+, t+, u+) and is streptomycin-sensitive (strs).  This strain transmits the r+ gene shortly after the start of conjugation and the strs gene very late in the process.   The recipient strain is r-, s-, t-, u-, strr.  Following the mixing of the two strains samples are removed every five minutes and r+ strr recipients are selected for.  Through the use of appropriate media and replica plating, the recipient cells are scored for the presence of other donor genes.  The data giving the percentage of r+ recipient cells that possess the u+, s+ and t+ alleles in the samples taken at five-minute intervals during the 55 minutes of conjugation are as follows:







Minutes of Conjugation

	0
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50

	0
	0
	15
	80
	90
	90
	90
	90
	90
	90
	90

	0
	0
	0
	0
	0
	0
	7
	20
	27
	30
	30

	0
	0
	0
	0
	3
	20
	40
	50
	50
	50
	 50



a.  Graph the data presented in the table.

b.  Identify the interval during which u+ was transferred.


c.  Why does the percentage of cells with u+ plateau at 90% rather than continue to increase?


d.  What is the order of the u, s, and t loci on the bacterial chromosome?


e.  Estimate the distances in map minutes between these three loci.

(6.3)

11.  Two loci, m and r, have been mapped in a particular type of virus and are separated by 12.8 map units.  A concentrated mixture of viruses with genotypes m+r+ and m-r- is supplied to a concentrated culture of the appropriate bacterial host.  Culturing a sample of the progeny viruses produces 1600 plaques.  Estimate the number of these plaques that would show traits characteristic of the recombinant types, m+r-and m-r+.
(6.7)

12.  In clams, the trait for handedness (or shelledness?), is under study.   Clams can either have their hearts situated against the left or right valve.  A right-sided male is mated with a left-sided female.  What would the progeny look like in each of the following situations?


a.  If being left-sided is an autosomal recessive allele and the mating male was homozygous, what would 


the phenotype of the F1 progeny be?

b.  If being left-sided is controlled by an autosomal recessive allele but the result of maternal effect, and 


the mating male was homozygous dominant while the mating female was homozygous recessive, what 


would the phenotype of the F1 progeny be?  What would be the phenotypes of F2 progeny from F1 


females?  

c.  If being left-sided is controlled by mitochondrial genes, what would the phenotype of the F1 progeny be?  What would be the phenotypes of F2 progeny from F1 females?  from F1 males?
 (7.13; 7.14)
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