Sample exam

1.  Mendel wanted to determine the genotype of three yellow round seeds.  Each of these seeds were grown into a plant and in each case were crossed with plants grown from green wrinkled seeds.  The F1 progeny for each of these crosses is shown below:

Cross 1:
51 yellow round seed



49 green round seed

Cross 2:
100 yellow round seed

Cross 3:
24 yellow round seed



26 yellow wrinkled seen



25 green round seed



25 green wrinkled seed

What were the genotypes of the three yellow round seeds?

Cross 1: YyRR

Cross 2: YYRR

Cross 3: YrRr
2.  Suppose that a geneticist crosses two true-breeding pea plants: one with purple flowers and long stems and the other with white flowers and short stems.  In these crosses, purple is dominant to white, long stems is dominant to short stems and these two genes are unlinked.  

a) describe the appearance of the F1: purple, long stem plants (PpLl)
b) If the F1 individuals are selfed, what phenotypes will appear in the F2 and in what proportions? 


PpLl x PpLl
9  P_L_

purple, long

3  ppL_
white, long

3  P_ll

purple, short

1  ppll

white, short
c) If the F1 are testcrossed, what phenotypic ratio will appear among their progeny?


PpLl x ppll

1  PpLl 
purple, long

1  ppLl
white, long

1  Ppll

purple, short

1  ppll

white short

3.  Albinism and attached ear lobes are both recessive traits in humans and are determined by two unlinked genes.  Parents with normal pigmentation and free ear lobes have an albino child with attached lobes.  What is the probability that their next child will be a normally pigmented, free-lobed son?

Mother: AaFf

Father: AaFf

First son: aaff – albino with attached ear lobes

Probability that their next child will be a normally pigmented, free-lobed son?

3/4 x 3/4 x 1/2 = 9/32
4) A flower breeder  is working with lines in which flower color is controlled by two separate genes.  Plants having the genotypes (A/-, b/b) or (a/a, B/-) produce blue petals.  (A/-, B/-) plants produce purple petals and (a/a, b/b) plants produce scarlet petals.   Deduce the genotypes of parents and progeny in the following crosses:

Cross

Parents



Progeny
   1
      
purple  x scarlet

1/4 purple; 1/2 blue, 1/4 scarlet

   2
      
blue   x   blue


1/4 purple; 1/2 blue, 1/4 scarlet

Cross 1: AaBb (purple) x aabb (scarlet)


1 AaBb - purple


1 aaBb - blue


1 Aabb - blue


1 aabb – scarlet

Cross 2: Aabb (blue) x aaBb (blue)


1 AaBb - purple


1 aaBb - blue


1Aabb - blue


1aabb - scarlet
5) Two Neurospora strains having the genotypes AC  x ac are crossed (A is dominant to a and C is dominant to c).  The following classes of ordered tetrads are obtained.






     Classes




1
2
3
4
5
6
7

Cross 1

AC
Ac
AC
AC
AC
Ac
AC

Cross 2

AC
Ac
aC
Ac
ac
aC
ac

Cross 3

ac
aC
Ac
aC
AC
Ac
Ac

Cross 4

ac
aC
ac
ac
ac
aC
aC




           175
  5
80       120
 7
 6
 7    =   400 Total

Determine the gene-centromere distance for both A and C.

Distance between a gene & the centromere:

[# second division segregation tetrads/total # of tetrads]/2 x 100

A – centromere: 
80 + 7+ 6+ 7 = 100/400 = 0.25/2 = 0.125 x 100 = 12.5 m.u.

B – centromere: 
120 + 7 + 6 + 7 = 140/400 = 0.35/2 = 0.175 x 100 = 17.5 m.u.
6) Two different traits affecting pod characteristics in garden pea plants.  Narrow pod (n) is recessive to normal pod (N); yellow pod (g) is recessive to green pod (G).  A true-breeding plant with narrow, green pods was crossed to a true-breeding plant with normal, yellow pods.  The F1 offspring were then test crossed to plants with narrow, yellow pods.  The following results were obtained:



144 narrow green pods



150 normal yellow pods



  11 narrow yellow pods



    9 normal green pods

a) Are the genes linked?  Why?

P: 
nnGG x NNgg

F1: 
NnGg x nngg

F2:
if the genes were unlinked we would expect to find equal numbers of individuals in each of the 4 phenotypic classes.  Can use Chi square analysis to show that this is not the case.  Therefore, N and G are linked.

b) If linked, how far apart are these two genes?

Distance between two genes: 


# of recombinants/total # of progeny x 100

N – G: 20/314 = 0.064 x 100 = 6.4 m.u.
7) Emerson crossed two different pure-breeding lines of corn and obtained a phenotypically wild-type F1 that was heterozygous for three alleles that determine recessive phenotypes: an determines anther; br brachytic; and f fine.  He testcrossed the F1 to a tester that was homozygous recessive for the three genes and obtained these progeny phenotypes:  

380 
anther 

372 
brachytic, fine

   2 
brachytic

  94 
anther, brachytic, fine

20 anther brachytic

100
wild-type

  30 
fine

2 anther, fine

1000

a) What are the genotypes of the parental lines?

Recombination is rare – therefore, the parents should be the two most abundant classes in the F2: anther – an, Br, F/an Br, F and brachytic, fine – An, br, f/An, br, f

b) Draw a linkage map for the three genes (include map distances)

An – Br: 94 + 20 + 100 + 30/1000 = 0.24 x 100 = 24 m.u.

An – F: 100 + 94 + 2 + 2/1000 = 0.198 x 100 = 19.8 m.u.

Br – F: 2 + 20 + 30 + 2/1000 = 0.054 x 100 = 5.4 m.u.

An and Br are the farthest apart – need to recalculate their distance, including double cross-overs: 94 + 20 + 100 + 30 + 2(2 + 2)/1000 = 0.252 x 100 = 25.2 m.u.

Linkage map:   
An--------19.8 m.u.--------F --5.4 m.u.--Br         




An-----------------25.2 m.u.----------------Br

You can double check the order of the genes by asking what marker changed relative to the parents in the double crossover classes:

F1 chromosomes: 
an   F    Br – father’s chromosome




An   f    br – mother’s chromosome

If you have a crossover between an and F and a second crossover between F and Br, you would get two double crossover classes in the F2:  an, f, Br/an, f, br (anther, fine) and An, F, br/an, f, br (brachytic)

c) Calculate the interference value.

I = 1 – coefficient of coincidence –= 1 – [observed DCO/expected DCO]

Expected DCO – 0.198 x 0.054 x 1000 = 10

Interference = 1 – 4/10 = 0.6
8) Consider the following crosses involving yellow and gray true-breeding lines of Drosophila:

Cross 1:
P: gray female x yellow male



F1: all gray males



      all gray females



FII: 97 gray females



       42 yellow males



       48 gray males

Cross 2: 
P: yellow female x gray male



F1: all yellow males



       all gray females



F2:   ?

a) Is color controlled by an autosomal or an X-linked gene?

Color is controlled by an X-linked gene.  Reciprocal crosses don’t give the same pattern of inheritance and the trait is passed from mother to son.

b) Which allele, gray or yellow, is dominant?

Gray is dominant – look at the phenotypes in the F1 of both crosses – in cross 1, the mother gives and X to bother her sons and daughters; in cross 2, the father gives an X to his daughters but not his sons.
c) Assume 100 F2 offspring are produced in the second cross. What kinds and what numbers of progeny do you expect?  List males and females separately.

The F1 genotypes are: yellow males: g/Y and gray females are g/G

The F2 daughters will be: 50% g/g (yellow) and 50% G/g (gray)

The F2 sons will be: 50% g/Y (yellow) and 50% G/Y (gray)
