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TA:   Alex Bagley           Alice Chi             Dave Harris               Max Juchheim   
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Section time:      

 

 
Exam starts at 11:05 and ends at 11:55 

 
There are seven pages including this cover page  

Please write your name on each page. 

 

 
Please... 

 

• Look over the entire exam so you don’t spend too much time on hard 

questions leaving easy questions unanswered. 

 

• Check your answers to make sure that they make sense. 

 

• To help us give partial credit, show your work and  

 state any assumptions that you make. 

 
Question 1  26 points 

Question 2  36 points 

Question 3  38 points 
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       Name:      

 
1. Consider the following autosomal Drosophila, traits caused by recessive alleles: bent wings 

(bn–), short legs (sh–), and orange eyes (or–).  You cross two true breeding lines to produce 

F1 flies, all of which have the wild type phenotype (strait wings, long legs, and red eyes).  F1 

females are then mated to triply homozygous males with bent wings, short legs, and orange 

eyes.  Among 100 progeny from this cross you observe the following phenotypes: 

 

Phenotype      Number 

strait wings, long legs, and red eyes    10 

bent wings, short legs, and orange eyes    14 

strait wings, short legs, and red eyes    26 

bent wings, long legs, and orange eyes    30 

strait wings, long legs, and orange eyes     8 

bent wings, short legs, and red eyes     6 

strait wings, short legs, and orange eyes     2 

bent wings, long legs, and red eyes     4 

 

(a 6 points) What were the genotypes of the two true breeding parental lines that were 

crossed? 

 

 

 

 

 (b 12 points) Draw a genetic map showing the order and relevant distances in cM of the bn, 

sh, and or markers.   
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(c 8 points)  A colleague calls to tell you she plans to carry out the following two-factor cross.   

A true breeding line with bent wings will be crossed to a true breeding line with short legs 

(unless specified other traits appear normal).  F1 flies will then crossed to a true breeding 

strain with bent wings and short legs.  Your colleague wants to know what proportion of the 

progeny from this cross will have bent wings and short legs.  What would you tell her?  

 

 

 

 

 

 

 

 

2.   The pedigree shows inheritance of an X-linked recessive trait. (Assume the trait is 

completely penetrant). 

 

 

 (a 4 pts.)  What is the probability that the female designated 1 is a carrier for the trait?  

 

 

 

 

 

(b 6 pts.) If the child indicated by ? is a boy, what is the probability he will be affected by the 

trait?  
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(c 6 pts.) If the child indicated by ? is a girl, what is the probability she will be affected by the 

trait?  

 

 

 

 

 

 

 

(d 8 pts.) If the child indicated by ? is affected by the trait, what is the probability that the 

couple!s next child will be affected by the trait? 

 

 

 

 

 

 

 

(e 12 pts.) If the child indicated by ? is not  affected by the trait, calculate the new probability 

that the female designated 1 is a carrier for the trait.   
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3. You have isolated two different yeast mutants called cys1– and cys2– that cannot 

synthesize the amino acid cysteine and therefore require cysteine added to the medium for 

growth (i.e. they are Cys–).  

 

(a 4 points) You mate a call cys1– mutant to a cys2– mutant.  The resulting diploids don!t 

require cysteine (i.e. they are Cys+).  What does this tell you about the cys1– and cys2– 

mutations? 

 

 

 

 

Next, you sporulate the diploid from part (a).  Among the 50 tetrads analyzed three different 

tetrad types are found 

 

Type:       4 Cys–   3 Cys– : 1 Cys+  2 Cys– : 2 Cys+ 

Number:          39              10      1 

 

(b 6 points)  Say that you want a cys1–cys2– double mutant.  What is the easiest way to obtain 

such a mutant without further analysis? 

 

 

 

 

 

 (c 6 points)  You choose one of the tetrads for further analysis and the four spores have the 

following properties:  Spore 1 = MATa Cys+, Spore 2 = MATa Cys–, Spore 3 = MAT! Cys–, 

and Spore 4 = MAT! Cys–.  You carry out the matings that are possible and find that the 

diploid produced by mating Spore 2 to Spore 3 is Cys–, while the diploid produced by mating 

Spore 2 to Spore 4 is Cys+.  Which spore is the double mutant?  Explain your reasoning.  
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(d 6 points) Given the number of terads of each type, what is the distance between the cys1– 

and cys2– mutations? 

 

 

 

 

 

 

You have isolated a mutation that you call cysX– that activates an alternative pathway for 

cysteine synthesis.  A cysX–  mutation on its own is Cys+, and when a cysX– mutation is 

combined with a cys1– mutation, the double mutant is Cys+.  

 

(e 8 points) Describe the cross you would perform and the interpretation of the outcome that 

you would use to determine whether cysX– is dominant or recessive?  

 

 

 

 

 

(f 8 points)  Say that cysX– is 5 cM away from cys1–.  In a cross of a MATa cysX– mutant to a 

MAT! cys1– mutant what types of tetrads (in terms of the proportion of Cys– : Cys+ )  would 

you expect to find and how many of each type would you expect from a total of 50 tetrads?  
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1. (a 12 pts.) The sequences of the three stop codons are: 5!UAG3!, 5!UAA3!, and 5!UGA3!.  

Give the sequences of the codon portion of the four tRNA genes that can be mutated by a 

transition mutation to generate a nonsense suppressing allele.  (A transition is a mutation of a 

G•C to A•T or an A•T to G•C).  For your answer, write out the DNA sequence of the anti-codon 

portion of the gene for each tRNA (be sure to label the 5! and 3! ends of both DNA strands).  

 

 

 

 

 

 

 

 

 

 

 

 

Consider the following segment from the middle of a gene coding sequence with the translated 

amino acids indicated below each codon. 

 

                5’ … TGG CCC TTG GAT AGC … 3’ 

                   … Trp-Pro-Leu-Asp-Ser …  

 

You isolate a single base pair insertion creating a frameshift mutation.  The additional base is 

underlined and the resulting amino acid sequence is shown. 

 

                5’ … TGG CCC TTG GGA TAG C … 3’ 

                   … Trp-Pro-Leu-Gly-Stop  

 

(b 8 pts.)  Briefly explain why a nonsense suppressing tRNA mutation can not correct this 

mutation.   
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(c 8 pts.)  You isolate a mutation in tRNApro that carries an additional base in the anticodon 

loop of the tRNA (the normal anticodon sequence is 5! GGG 3! whereas your mutation has the 

anticodon sequence 5! AGGG 3!).  This type of tRNA mutation is known as a frameshift 

suppressor.  Write out the amino acid sequence from the segment of the protein that is 

produced when the frameshift is suppressed by the tRNApro frameshift suppressor mutation.  

 

 

 

 

 

 

 

 

 

2.  A LacIs mutation alters the Lac repressor so that it cannot bind to inducer molecules such 

as IPTG, thus causing repression of the Lac operon even when inducer is present.  Starting 

with an F- LacIs strain, which makes white colonies on X-gal plates, you isolate a number of 

revertants that form blue colonies.  After mating each revertant to a strain carrying an F! with a 

wild type Lac operon (including the LacI gene) you find that the revertants are of two types.  

(a 8 pts.) Type 1 revertants exhibit constitutive Lac operon expression but show normally 

regulated expression when they carry F! Lac.  What type of mutation is the most likely cause of 

the type 1 revertants?  Be as specific as you can. 

 

 

 

 

 

(b 8 pts.) Type 2 revertants exhibit constitutive Lac operon expression even when they carry  

F! Lac.  What type of mutation is the most likely cause of the type 2 revertants?  Be as specific 

as you can.  
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 (c 8 pts.) Which type of revertant would you expect to be the more frequent?  Explain your 

reasoning. 

 

 

 

 

 

 

 

 

 

(d 15 pts.)  You have a Tn5 insertion that is linked to the LacIs mutation.  You grow P1 on an 

otherwise wild-type strain that carries the Tn5 insertion and then use this lysate to infect one of 

your type 1 revertant strains, selecting for kanamycin resistance (Kanr).  Among 100 Kanr 

transductants, you find that 60 show normally regulated Lac expression, 35 are constitutive 

and 5 are uninducible.  Draw a genetic map showing the relative positions of the Tn5 insertion 

and the LacIs and Lac revertant mutations.  For your answer give the distances between the 

Tn5 insertion and each of the relevant mutations expressed as a cotransduction frequency. 

(Assume that quadruple crossovers are too rare to be present in the 100 transductants you 

analyze).   
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3. You are studying the regulation of synthesis of the amino acid tryptophan in a new bacterial 

species and you find that the first enzyme in the pathway for tryptophan synthesis (the product 

of the TrpA gene) is synthesized when there is no tryptophan in the medium, but is not 

synthesized when tryptophan is present. 

 

(a 9 pts.) You mutagenize the bacteria by generating a collection of random insertions of the 

transposon Tn5 into the bacterial chromosome.  By screening for altered regulation of 

tryptophan synthesis, you find an insertion mutation, designated Trp1–, which gives 

uninducible expression of TrpA even when tryptophan is absent from the medium. 

Transduction experiments show that the Tn5 insertion is not linked to the TrpA gene. Classify 

the Trp1– mutation in terms of its likely genetic properties taking into account the type of 

mutation usually caused by a transposon insertion (explain your reasoning). Propose the type 

of regulatory function probably encoded by the wild type Trp1 gene.  Finally, diagram a model 

to explain the effects of tryptophan and the wild type Trp1 gene on TrpA expression, assuming 

a linear pathway. 

 

 

 

 

 

 

 

 

 

(b 9 pts.) You isolate a second Tn5 insertion mutation, designated Trp2–, which shows 

constitutive TrpA expression even in the presence of tryptophan.  The Tn5 insertion in Trp2– is 

not linked either to Trp1– or to TrpA.  Diagram the two possible models for linear regulatory 

pathways for TrpA that account for the behavior of the Trp1 and Trp2 genes.  For each model 

include a role for tryptophan.  
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(c 6 pts.) Next you combine a Trp1– with a Trp2– mutation and find that the double mutant 

gives uninducible TrpA expression.  Which model from part (b) is consistent with this new 

observation?   

 

 

 

 

 

 

 

 

 

(d 9 pts.)  Finally, you mutagenize the wild type Trp1 gene with a chemical mutagen and find 

that while most Trp1 gene mutations cause uninducible TrpA expression, certain rare alleles 

give constitutive expression. You designate one of these rare constitutive alleles Trp1*.  Using 

an F! that carries the wild type Trp1 region of the chromosome, you find that the Trp1* allele is 

dominant. Propose a molecular description of the type of mutation Trp1* might be in the 

context of your overall model for TrpA regulation.  
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1. You are studying how yeast cells grow on sucrose and you find that both sucrose and 

glucose regulate expression of the SUC1 gene, which encodes an enzyme for sucrose 

breakdown.  SUC1 is not expressed in cells grown without sucrose, but is induced when 

sucrose is added to the growth medium.  In cells grown in medium that contains both sucrose 

and glucose, SUC1 is not expressed.  You have isolated mutations in three different genes that 

alter SUC1 regulation, called A–, B– and C–.   All three mutations are recessive and none of 

the mutations are linked to one another or to SUC1.  SUC1 expression in wild type yeast and 

each of the three mutants are shown below.    

 

       SUC1 expression 

    – sucrose  + sucrose  + sucrose & glucose 

Wild type         –         +    – 

     A–             +         +    – 

     B–          –         –    – 

     C–          –         +    + 

   

 

(a 6 pts.)  For each of the three genes, state whether it affects regulation by sucrose or glucose 

and whether it is a positive activator or a negative regulator. 

 

Gene A 

 

 

 

 

Gene B 

 

 

 

 

Gene C 
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You cross an A# mutant to a B# mutant.  After tetrads are dissected and evaluated for SUC1 

e6pression in either the presence or absence of sucrose, ;no glucose is present in this 

e6periment= the following tetrad types are observed.  

 

      Type 1      Type 2     Type3 

  constitutive  constitutive  constitutive 

  constitutive  constitutive  constitutive 

  regulated  regulated  uninducible 

  uninducible  regulated  uninducible 

  

(b 8 pts.) What is the phenotype of the A# B# double mutantF  E6plain how you arrived at your 

answer. 

 

 

 

 

 

 

 

 

(c 10 pts.)  Draw a model showing the interactions between the different regulatory factors 

encoded by A and B.   Be sure to include the SUC1 gene and to indicate where and how 

sucrose acts. 
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Next, you construct a set of deletions within the promoter region of the SUC1 gene (:1 

indicates the first transcribed nucleotide).  The ability of each of these deletions to express 

SUC1 in cells grown on different sugars is shown below. 

 

-300 -250 -200 -150 -100  -50   :1 – sucrose : sucrose : sucrose &  

    G     G     G      G      G      G      G         glucose 

 

1)    HHH            HHHHHHHHHHHHHHHHHHHHHHHHHHHH         –        :         – 

 

2)    HHHHHHHH            HHHHHHHHHHHHHHHHHHHHHHH         –        :         : 

 

3)    HHHHHHHHHHHHH              HHHHHHHHHHHHHHHHH         –        –         – 

 

4)    HHHHHHHHHHHHHHHHHHH            HHHHHHHHHHHH         –        :         – 

 

5)    HHHHHHHHHHHHHHHHHHHHHHHH            HHHHHHH         –        :         – 

 

6)    HHHHHHHHHHHHHHHHHHHHHHHHHHHHH            HH         –        –         – 

 

 "d 5 pts.$ The DNA sequence of gene C reveals that this gene is likely to encode a DNA-

binding protein.  Assuming that the product of gene C binds to the promoter region of the 

SUC1 gene, where is it most likely to bind? Explain your reasoning. 

 

 

 

 

 

 

 

"e 5 pts.$ In general, upstream activation sequences function normally regardless of their 

distance from the start of transcription.  Which of the deletion mutants shown above show this 

to be true for the upstream activation sequence that responds to sucrose activation? 
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2.  (a 12 pts,)  Rece/t0y yo3r 0ab has become i/terested i/ the 93/ctio/ o9 a mo3se ge/e 

ca00ed myb, To determi/e <he/ a/d <here myb is e=pressed d3ri/g de>e0opme/t yo3 decide 

to co/str3ct a reporter 9or myb e=pressio/ that ca/ be e=ami/ed i/ de>e0opi/g mice,  Describe 

the basic proced3re that yo3 <o30d 3se to prod3ce a 3se930 reporter 9or myb e=pressio/,  For 

yo3r a/s<er i/c03de s3ch speci9ics as ce00 type(s), a diagram o9 the DNA co/str3ct, the site o9 

i/tegratio/, a/d a/y additio/a0 breedi/g steps /eeded to obtai/ mice 3se930 9or yo3r st3dy,  

 

 

 

 

 

 

 

 

 

 

 

 

 

(b 8 pts,)  From the proced3re abo>e yo3 obtai/ t<o di99ere/t 0i/es o9 mice carryi/g i/tegrated 

myb reporter co/str3cts,  Yo3 cross heteroGygo3s mice 9rom Li/e 1 to o/e a/other a/d score 

ho< ma/y o9 the res30ti/g proge/y carry the reporter co/str3ct a/d ho< ma/y do/!t, Yo3 

repeat the proced3re 9or Li/e 2, The res30ts o9 these t<o crosses are sho</ be0o<,  

 

 Co/tai/ 

Reporter  

Do /ot co/tai/ 

Reporter 

Proge/y 9rom Li/e 1 

heteroGygotes:  

 

   74 

  

     24 

Proge/y 9rom Li/e 2 

heteroGygotes:  

 

  

   41 

 

     23 

Pro>ide a/ e=p0a/atio/ 9or this data, Neepi/g i/ mi/d that yo3 did the same /3mber o9 crosses 

9or each 0i/e, b3t obtai/ed 9e<er proge/y o>era00 9rom the Li/e 2 crosses, 
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(c 10 pts,) With Li1e 1, yo5 desig1 a scree1 :oo;i1g <or reg5:ators o< myb e=pressio1, a<ter 

m5tage1esis >ith a chemica: m5tage1,  Yo5 <i1d a m5ta1t mo5se (M) that has i1creased 

e=pressio1 o< yo5r co1str5ct,  The reg5:atory m5ta1t M is ge1etica::y recessiDe a1d a<ter 

e=te1siDe mappi1g e=perime1ts, yo5 1arro> do>1 the :ocatio1 o< the reg5:atory m5tatio1 to a 

regio1 that co1tai1s t>o ge1es, TF1 a1d Db,  Describe ho> yo5 >o5:d co1str5ct a 5se<5: 

mo5se mode: to test the idea that Db is a reg5:ator o< myb e=pressio1, For yo5r a1s>er i1c:5de 

the ce:: type(s) yo5 >o5:d target, a diagram o< the DNA co1str5ct, the site o< i1tegratio1, a1d 

a1y additio1a: breedi1g steps 1eeded to get mice 5se<5: <or yo5r st5dy, 
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(d 8 pts.) Using any mice generated in parts a-c, describe how you would carry out breeding 

experiments to test whether the mutation M is an allele of the Db gene. For your answer, 

include possible results and how you would interpret them. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3)  (a 6 pts.)  Consider a blood antigen called D.  The allele for this antigen is dominant (i.e. 

individuals who are either D/d or D/D will express the antigen). If 84I of a population in Hardy-

Weinberg equilibrium expresses the D antigen, what percent of the population are 

heterozygous for the D allele? 

 

 

 

 

 

 

 

 

(b 6 pts.)  The population in part (a) mixes in equal numbers with a population in which all of 

the individuals express the blood antigen.  After one generation of random interbreeding 

between the two populations what percent of the population will express the antigen? 

 

 

 

 

 

 

 

 

 



! " !

       Name:       
 (c 9 pts.)  You find an isolated population in which an unusual allele for the blood antigen 

:called d;< is quite prevalent.  By analyAing the DNA from this population you find that 18F of 

the population has genotype DGd;, but none of the thousands of individuals eIamine has 

genotype d;Gd;.  EIplain this result by assuming that d; is a balanced polymorphism.  For your 

answer calculate parameters h :the heteroAygous advantage for d;< and S :the selective 

disadvantage of d;Gd;<.  

 

 

 

 

 

 

 

 

 

 

 

 

(d 9 pts.)  Consider a population in which 1F of matings are between second cousins, but all 

other matings are between unrelated individuals :second cousins have great grandparents in 

common<.  If half of the individuals with a recessive trait have parents that are second cousins, 

what is the :approIimate< allele frequency for the trait.   
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"#estio) 1 34 points:,,,,,,,,,,,,, 

 

"#estio) 2  36 points:,,,,,,,,,,,,, 

 

"#estio) 3  30 points:,,,,,,,,,,,,, 

 

 

Tota1     :,,,,,,,,,,,,, 

 


