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ECOL/MCB 320 GENETICS

Spring 2007

MIDTERM EXAMINATION 2

INSTRUCTIONS: Print your name at the top of each page and sign the top of this page.  Answer all questions in the space provided; answers in the margin or on the back of the page won't be graded. Show all your work on problems so we can give partial credit if appropriate.  Units must be given on all answers where appropriate. Numbers in parentheses show approximate point values of the questions. Questions 1-6: circle only the best answer.

1. (3) From the cross A a  A a, the phenotypic ratio in the progeny is

(a) 9:3:3:1

(b) 1:2:1

(c) 3:1
(d) 2:1

(e) 1:1

2. (3) In Chlamydomonas, null mutations in the nuclear ac1 gene cause loss of ability to grow in the dark on acetate. If two Chlamydomonas strains ac1- and ac1+ are crossed and the resulting diploid zygotes sporulate, most of the tetrads will be:

(a) 4 ac1+:0 ac1-
(b) 3 ac1+:1 ac1-
(c) 2 ac1+:2 ac1-
(d) 1 ac1+:2 ac1-
(e) 0 ac1+:4 ac1-
3. (3) In yeast, what kind of tetrad is produced only by double crossovers?

(a) parental ditype (PD)

(b) nonparental ditype (NPD)
(c) tetratype (T)

(d) haplotype

4. (3) Suppose a person is heterozygous (A a) for the recessive nuclear gene allele that causes albinism. A patch of skin cells with the albino phenotype is most likely produced by

(a) a crossover between the A locus and the centromere
(b) a crossover between the A locus and another gene

(c) mutation

(d) meiotic segregation

5. (3) Which of the following is not a clone (circle one)?

(a) monozygotic twins

(b) the descendants of a single haploid yeast cell

(c) dizygotic twins
(d) all the somatic cells in your body

6. (3) Scalloped is a recessive mutation in Drosophila that is seen as irregular wing margins.  If a female scalloped fly is crossed to a wild type male, the female progeny are wild type and the male progeny are scalloped.  On which chromosome is the scalloped gene?  Circle one:

I (X)

I (Y)

II

III

IV

7. (9) Mendel’s laws were rediscovered in the year ​
1900
 

by 
Correns

  and 

de Vries
.

8. (6) In dogs, black coat color is determined by the autosomal dominant allele A and tan color by the recessive allele a. The pattern of color is determined by an unlinked autosomal gene with two alleles, the dominant S determining solid pattern and recessive s determining spotted pattern. A solid tan female is mated with a solid black male, producing 6 pups: 2 solid tan, 2 solid black, 1 spotted tan, and 1 spotted black. Write the genotypes of the parents:

female 

S s a a
  
S s A a

 male

9. (12) Next to each cross below, write the phenotypic ratio of the offspring, using one of the following: 9:3:3:1, 1:2:1, 3:1, 2:1, or 1:1.

Aa X aa   
1:1


Aa X Aa   
3:1


Aa Bb X Aa Bb (assume no linkage)  
9:3:3:1


10. (6) Consider three different auxotrophic mutants in Chlamydomonas that require arginine.

(a) arg1 and arg13 complement each other. Are these mutant genes allelic?

     Circle: Yes   No
(b) arg14 and arg15 do not complement each other. Are these mutations in the same gene?

     Circle:  Yes   No

11. (14) Two independently-segregating genes in maize determine plant height (tall, T vs. short, t) and leaf posture (relaxed, R vs. upright, r). You do the cross  T t R r  t t r r.
(a) This kind of cross has a special name; what is it? 

test cross
 (3)

(b) Write the genotype of the offspring that will be tall and upright.  
T t r r
 (3)

(c) Use probability theory to calculate the proportion of these offspring; show your work and circle the final answer. (4)

P(Tt X tt -> Tt) = 1/2
P(Rr X rr -> rr) = 1/2
P(Ttrr) = (1/2)(1/2) = 1/4
(d) Suppose that you looked at only 16 progeny from the cross in (b). Set up the binomial theorem to calculate the probability that you would get exactly the expected number that you calculated in (b). (you don't have to do the actual arithmetic, just show the equation with the appropriate numbers in it). (4)

(16!/4!12!)(1/4)4(3/4)12
12. (9) In maize, the genes glu1 and orp2 are 79 cM and 84 cM, respectively, from one end of chromosome 10. Suppose you do the following cross:

glu1+ orp2+        glu1+ orp2
 glu1 orp2            glu1 orp2+ 
(a) What is the recombination frequency between these two loci? (4)   84 – 79 = 5
(b) Calculate the frequency of glu1 orp2+ gametes produced by the female parent (on the left). (5)

0.05/2 = 0.025

13. (12) The following three recessive alleles affect fire-breathing in dragons: em (empty, can't make fuel); ig,(ignitionless); and ta (tankless, lacks fuel tank)  A trihybrid of unknown origin is testcrossed, producing the offspring:

offspring phenotypes

 numbers

empty ignitionless tankless
357
empty ignitionless
  
  75

tankless


  80

ignitionless


  65

wild type


343
empty tankless

 
  62

ignitionless tankless

    9 *

empty



  11 *
          1,000
(3 pts each part)

(a) Put stars next to the numbers for the double crossover types.

(b) Circle the numbers of the parental genotypes.

(c) Circle the gene that is in the middle: 
empty

 ignitionless
      tankless
(d) Calculate the recombination frequency between the empty and ignitionless loci.

65 + 63 + 9 + 11 = 128
148/1,000 = 0.148

14. (8) Hemophilia is a sex-linked recessive hereditary trait. Suppose two phenotypically normal parents have two normal daughters and a hemophiliac son.

(a) Write the genotypes of the parents using H and h for the alleles: (4)

female 

H h
 X 
H Y
 male
OK if just write H or H – for male
(b) Calculate the probability that both of the daughters are heterozygous carriers. (4)

P(Hh X H -> Hh) = 1/2

P(2 Hh daughters) = (1/2)(1/2) = 1/4

15. (6) The diagram below depicts a microspore mother cell of maize in anaphase of meiosis I.  The maize plant is heterozygous at the A locus on chromosome 9 and the B locus on chromosome 10:

   A             
 a                 
     B              b

––––o––––    ––––o––––       ––––o–    ––––o–

   chromosome 9
      chromosome 10

In the diagram below, label the chromatids with the alleles they carry, assuming that this particular meiosis is going to produce four pollen grains with the indicated genotypes. Assume that there is no crossing-over between either gene and it’s centromere. One pair of chromatids is already done for you as an example.
[image: image1.wmf]
ALL THE EQUATIONS THAT YOU WILL NEED 

(AND MAYBE SOME YOU WON'T)

P(w,x,y…) = 
[image: image2.wmf] pwqxry …

2 =  (O - E)2/E

h = 2pq = 1- (p2 + q2)


h = 1 – (x12 + x22 + .... + xm2)

 =  EQ \I\SU(ij, ,xixjpij) 
K =  ​–  EQ \f(3,4)  ln(1 –  EQ \f(4,3)  d)



K = ​–  EQ \f(19,20)  ln(1 –  EQ \f(20,19)  d) ≈ –ln(1– d)

E = K/2T




E = 2NuF

 EQ \o(t,-) 1 ≈ 4N​e




 EQ \o(t,-) 0 ≈ 2ln2N​e 

 EQ \o(t,-)  ≈ 2ln2N​e - 2

H ≈  EQ \f(4Neu,1 + 4Neu)  ≈ 4Neu =  


 ≈ 4Ne/[1 + (4/3) 4Ne) ≈ 4Ne = 
F(new mutation) =  
[image: image3.wmf]
F(new mutation) = 1/2N


F(allele of frequency x) = x
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