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Biology 315 

1/24/20 

Exam 1 

 

1. Three of the many recessive mutations in Drosophila melanogaster that affect body color, wing shape 

and bristle morphology are black (b) body, versus grey in the wild type; dumpy (dp), obliquely 

truncated wings, versus long wings in the wild type; and hooked (hk) bristles at the tip, versus 

nonhooked bristles in the wild type.  From a cross of a dumpy female with a black, hooked male, all 

of the F1 were wild type for all three characters.  The testcross of an F1 female with a dumpy, black, 

hooked male gave the following results: 

 

  wild type   169 

  black    19  

  black, hooked   301 

  dumpy, hooked  21 

  hooked    8 

  hooked, dumpy, black  172 

  dumpy, black   6  

  dumpy    304 

 

 a) Determine the gene order. (2 pts)   

 b) Calculate the map distance between all three genes. (5 pts)   

 c) Calculate the rate of interference. (3 pts) 

 

2. The following data were obtained in Neurospora by analysis of ordered spores from the cross a + + X 

+ b c.  The total number of tetrads was 112. 

 

  

  (1)  (2)  (3)  (4)  (5)  (6) 

 

 a + +   a b c   a b c   a + +  a + +  + + +  

 a + +   a b c   + b c   + + +   a + c  + + c 

 + b c  + + +   a + +   a b c   + b +  a b + 

 + b c   + + +   + + +   + b c   + b c  a b c 

 
_______  _______  _______  _______  _______  _______  

   40     40      5      5      12      10 

 

 a) What is the map distance between each of the genes? (5 pts) 

 b) What is the map distance between each gene and the centromere? (5 pts) 

Be sure to draw a map for all genes. 

 

3. Using clearly drawn diagrams representing meiosis I and II, show why PD=NPD for two unlinked 

genes and why PD >> NPD for two linked genes for the haploid cross AB x ab.  Do not draw all 

possible combinations.  Draw only those PD and NPD combinations for linked and unlinked genes 

that prove that PD=NPD for two unlinked genes and that PD >> NPD for linked genes. (10 pts) 
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4. The accompanying pedigree shows the pattern of transmission of two cat phenotypes: cataracts and 

red eyes.  Cats with the dominant mutation causing cataracts are shown with a solid left-half symbol 

(“A”=cataracts & “a”=normal).  A solid right-half symbol indicates those individuals with a recessive 

mutation that causes red eyes (“R”=normal eyes & “r”=red eyes).  Both loci assort independently and 

are autosomal.  a) What is the probability of producing a cat with red eyes and cataracts from crossing 

III-1 x III-2? (5 pts)  b) What is the probability of producing a wild-type cat (no cataracts or red eyes) 

from crossing III-4 x III-5? (9 pts)  DO ALL WORK ON THIS PAGE. 

 

 
  

aaRR 
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5. A plant that is trisomic for chromosome one contains one dominant and two recessive copies of gene 

“A”.  The same plant is diploid for chromosome two and carries a dominant (B) and recessive (b) 

copy of the “B” gene.  Using clearly drawn diagrams representing replication, meiosis I, and meiosis 

II, show the segregation of chromosomes one and two into the gametes and the frequency of all 

gametes that are expected after meiosis.  (11 pts) 

 

6. In Drosophila, the loci for curled wings and ebony body color are carried on the same autosome and 

are separated by a distance of 12 map units.  The mutant alleles for these loci, cu (curled) and e 

(ebony) are recessive to their wild-type counterparts.  The locus for garnet eyes is sex-linked and the 

mutant allele at this locus, g, (garnet eyes) is recessive to the wild-type allele for normal eye color (G).  

A curled-winged, ebony-bodied female that is homozygous for normal eye color is crossed with a 

male that is homozygous for wild-type wings and body color, and has garnet eyes.  a) Identify the 

genotypes and phenotypes of the progeny from this cross. (2 pts)  b) A female from this progeny is 

crossed with a curled-winged, ebony-bodied male with wild-type eyes.  What is the probability of 

producing 3 wild-type flies and 2 non-wild-type flies in any order out of a total of 5 offspring?  A 

recessive phenotype for any of the traits makes the fly non-wild-type.  (9 pts) 

 

7. Two recessive loci, p and bz, are 25 map units apart on a certain plant chromosome.  Recessive genes 

a and c are located between genes p and bz.  Some individuals contain a pericentric inversion which 

spans almost the entire 25 map unit region, including genes a and c, but not including genes p and bz.  

A homozygous wild-type individual with no inversion is crossed to a homozygous recessive 

individual (for all genes) that contains the homozygous inversion.  The resulting F1 heterozygote is 

crossed to a homozygous recessive tester (no inversion).  Introduce a single crossover between genes a 

and c in the heterozygous parent.  a) Clearly draw the parental wild-type chromosomes (homologues) 

and the parental inverted chromosomes (homologues) showing the placement of all four alleles. (2 

pts) b) Clearly draw the pairing of the inversion heterozygote (F1) in late prophase of meiosis I 

showing the crossover (3pts). c) Clearly draw the segregation of all gametes from the heterozygous 

inverted parent (show the gametes after meiosis II). What phenotypes do you expect in the F2?  

Assume that only offspring that receive an entire complement of genes (regardless of gene order) are 

viable. (7 pts) 

 

8. In babbits (a small mammal), mutant genes for purple eye color (p) and no wings (w) are both carried 

on the same autosome and separated by 24 map units.  These genes are recessive to their counterpart 

alleles, p
+
 and w

+
, which control wild-type expression of these traits.  A third recessive gene that 

codes for green body color (g) is sex-linked.  The dominant allele (G) codes for wild-type body color.  

A female babbit heterozygous for all three loci is crossed to a green male babbit that is heterozygous 

at the eye color and wing loci.  The female carries the linked genes in coupling phase and the male 

carries the linked genes in repulsion phase.  a) What are the genotypes of the parents? (1 pt)  b) What 

is the probability of producing a babbit that has purple eyes, no wings and a green body? (4 pts)  c) 

What is the probability of producing a wild-type male babbit?  (8 pts) 

 

9. a. What is the purpose of adding EDTA into your 50X TAE gel buffer?  Be specific. (2 pts) 

 b. Why do we heat digested DNA samples at 65ºC before loading agarose gels? (2pts) 

  c. Explain how mice that inherit two dominant copies of the kit gene, still show the mutant 

   phenotype? (2 pts) 

 d. Explain the specific function of the silk worm Masc protein (2 pts) 

 e. What is penetrance? Provide an example of penetrance.  How is penetrance calculated? (2 pts) 


