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Problem Set 5: Linkage and Maps
1. In a plant, leaf color and leaf shape are controlled by two linked genes. Leaves of the wild-type plant are red. A recessive mutation in this gene causes white leaves. Wild-type leaves are pointed, and a recessive mutation in this gene causes them to be smooth. The following crosses were performed:

Cross 1:  pure breeding white, smooth X pure breeding wild type

gives F1: all red, pointed

Cross 2:  red, pointed F1 X pure breeding white, smooth (test cross)

gives F2:

40 white, smooth
36 red, pointed

10 white, pointed

14 red, smooth
What is the recombination frequency between the gene for color and for shape?



2. In pea plants, the peas can be either rough or smooth, and either soft or hard. You do some crosses and obtain the following results.
cross 1: purebred rough, soft pea X purebred smooth, hard pea 

gives F1: 
all rough, hard 

cross 2: rough, hard F1 X smooth, soft (note: test cross, NOT self cross) 

gives F2: 
115 rough soft 
110 smooth hard 
8 rough hard 
12 smooth soft 

a) using letters of your own choosing, state the genotypes of the parents, the F1, and each phenotypic class in the F2.
b) which F2 progeny inherited parental type gametes from the F1 parent, and which nonparental type?
c) are the genes for roughness and softness linked? If so, what is the recombination frequency (distance in centimorgans or map units) between the genes? 

3. Three genes in Drosophila with the recessive alleles l, m, and n are known to be linked. You wish to determine the map distances between them and perform the cross shown below. (Note: The genes are arbitrarily shown in alphabetical order - you need to determine the order of these genes on the chromosome) 
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Progeny with the following phenotypes are obtained:
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a) label the types of progeny that inherited nonparental type gametes, that is, the recombinants.
b) Determine the order of these markers on the chromosome and the distances between them in centimorgans (map units).
4. Alkaptonuria is an extremely rare disease. The gene for Alkaptonuria (ALK) has recently been shown to lie on human chromosome 9 and to be linked to the gene encoding the ABO blood group, with a recombination frequency of 11% between the loci. 

A pedigree of a family with the disease is shown below, with affected individuals indicated in black. In addition, the blood type of family members is given. 
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The two alleles at the ALK locus will be denoted ALK+ and ALK-. The three alleles at the ABO blood group locus will be denoted IA, IB (which are co-dominant) and i (which is recessive to IA and IB). 

(a) What is the genotype of individual 1 at the ALK and ABO loci? 

(b) What is the genotype of individual 2 at the ALK and ABO loci? 

(c) What is the genotype of individual 3 at the ALK and ABO loci? Which alleles of each gene are carried on the chromosome he inherited from his father and which alleles are carried on the chromosome he inherited from his mother? 

(d) Individuals 3 and 4 are expecting their fifth child. A physician draws a prenatal blood sample and determines that the child has blood type B. What is the probability that the child will have alkaptonuria? Explain your answer. 

5. Determine the inheritance pattern and linkage (if any) of these three traits in flies. 

The three mutant traits are Bar-eye, singed-wing, forked-antenna

Cross 1: pure-breeding bar-eye, singed-wing, forked-antenna female 
X pure-breeding wildtype (wt) male
Gives F1: many progeny-- all females bar-eyed; all males bar, singed, forked
Cross 2: One of these bar-eyed F1 females X pure-breeding wildtype male 


Gives F2 progeny phenotypic classes as follows:

	Eye type
	Wing type
	Antenna type
	# Females
	# Males

	wt
	wt
	wt
	2500
	1800

	bar
	singed
	forked
	0
	1800

	bar
	singed
	wt
	0
	450

	wt
	singed
	forked
	0
	200

	bar
	wt
	forked
	0
	50

	bar
	wt
	wt
	2500
	200

	wt
	singed
	wt
	0
	50

	wt
	wt
	forked
	0
	450


Hint: you can just consider each pair of genes separately, and then look at the three genes together.

6. Make up a genetic map for three linked autosomal traits in flies, using your first, middle and last initials for the genes (make them three different letters if they are not already) and use the month and day of your birthday for the distances between them. Assume that the mutant allele of each gene is recessive and has a phenotype you can observe. Your birth year divided by 10,000 will be the amount of interference. 
For example, if your name is Alfred Henry Sturtevant and you were born on November 21, 1891, your map would be:

         a


   h


     s
-------|----------------------|----------------------------|-------------

         <------ 11 ---------><---------- 21 ----------->     

and the interference would be 0.1891.
a) Imagine that you crossed a triple mutant homozygote to a homozygous wild type fly to obtain trihybrid F1 flies. Then you crossed the F1 ♀ with triple mutant homozygous ♂’s.  Predict the number of progeny of each phenotypic class in the resulting F2 generation if you looked at 100,000 F2 flies.

b) Pretend you don’t know the map, and use the numbers you predicted in (a) to figure out the order of the genes, the distances between them, and the interference. Do you get back the numbers you started with?
