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7.014 Problem Set 7 Solutions 
 

Question 1 
  

Meiosis is the process by which gametes or “sex cells” are created. Recall that chromosome 
content of the cell undergoing meiosis changes from 2n to 4n to 1n. 
 

a) How many daughter cells are produced from a single sex cell undergoing meiosis? ___4___ 
 
b) Individual A is heterozygous for three genes located on three different pairs of homologous 

chromosomes (genotype: CcDdEe). Assuming no crossing over occurs, how many different 
kinds of gametes can this individual produce? ____8___ (Each gamete can end up with either 
of the alleles for each locus, so 2x2x2=8.) 

Since the ultimate result of meiosis is cells with a chromosome content of 1n, one could argue 
that a simple division of the chromosomes existing in the 2n cell would result in the same 
outcome.  
 

c) Based on your knowledge of the process of meiosis, give two reasons why it is important 
for chiasmata to form during meiosis.  

Recombination, which occurs at chiasmata, allows for a highly increased variability in the gamete 
creation because the chromosomes passed on to offspring are now some combination of those that each 
parent received from their own parents. In addition, because replicated homologous chromosomes are 
held together at the chiasmata, the cell can ensure that these homologous chromosomes separate in 
meiosis I by pulling each to the different pole of the dividing cell.  
Recall that Mendel’s work was not accepted in his lifetime, and only became popular after 
chromosomes were discovered. In observing meiosis, scientist first saw a possible physical 
basis of Mendel’s laws.  
 

d) Mendel’s law of segregation states that each allele in a pair separates into a different 
gamete during gamete formation. How does meiosis account for Mendel’s law of 
segregation?  

Homologoes chromosomes separate in Meiosis I, and sister chromatids separate in Meiosis II, insuring 
that each gamete has n (rather than 2n) chromosomes, and that two of the gametes have one of the alleles 
and two others have the other.  
e) Mendel’s law of independent assortment states that each pair of alleles segregates 

independently during gamete formation. How does meiosis account for Mendel’s law of 
independent assortment?  

Homologoes chromosomes separate in Meiosis I, and which one goes to which pole is decided randomly. 
Thus, maternal chromosome k is as likely to end up in the same cell with maternal chromosome l as with 
paternal chromosome l.  
f) Are there situations when Mendel’s law of independent assortment does not apply? If yes, 

how does meiosis account for this phenomena? 
The law does not apply for linked genes. Linked genes are located close enough on the same chromosome 
that barring a recombination event, alleles from one parent end up in the same gamete. Recombination 
explains why these alleles are not always inherited together.  
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Question 1, continued 
 

g) An organism has the genotype AaBbCcddEe is crossed with an organism that has the 
genotype AABBccDDEe.  Assume all genes are on separate sets of chromosomes (that is, 
they are not linked) 

i. What is the probability that any of the offspring will have the genotype 
AaBBCcDdEE? Justify your answer.  

When a parent is homozygous at a locus, there is only one allele he or she can contribute at that 
locus (and does that with probability of 1). Heterozygoes parent can contribute either allele with 
probability .5. Thus, .5x.5x.5x1x.5x.5=.03125 or 3.125% 
ii. What is the probability that any offspring will have the genotype AABBCCDDee? 

Justify your answer. 
Because one of the parents is dd at the D locus, the offspring can’t have the DD genotype at that 
locus, so the probability is 0. 
 
 

Question 2 
 

You are studying two traits in a flower—petal color and stem length.  Petal color is either 
purple or white. You suspect that these two phenotypes are the due to the different alleles of 
one gene, which you name Rainbow (and expect to use symbols R and r for the alleles of this 
gene conferring dominant and recessive phenotypes respectively).  Stem length is either long 
or short.  You suspect that these two phenotypes are due to the different alleles of another 
gene, which you name Stem (and expect to use symbols ST and st for the alleles of this gene 
conferring dominant and recessive phenotypes respectively). 
 
You have a flower with white petals and a short stem.  You also have a flower with purple 
petals and a long stem.  You do not know the genotype of these flowers.  You cross these 
flowers and get the following progeny: 
 
P:      White Petals, Short Stems   x   Purple Petals, Long Stems   
 
F1:             24 Purple Petals, Long Stems 
    28 Purple Petals, Short Stems 
 
You then self-cross the Purple Petals, Long Stem F1’s and get the following progeny: 
 
Self-Cross:    Purple Petals, Long Stems F1    x   Purple Petals, Long Stems F1

 
F2:            46 Purple Petals, Long Stems 
    13 Purple Petals, Short Stems 
    16 White Petals, Long Stems   
    4   White Petals, Short Stems 
 
You also self-cross the Purple Petals, Short Stems F1 and get the following progeny: 
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Question 2, continued 
 

Self-Cross:    Purple Petals, Short Stems F1    x   Purple Petals, Short Stems F1

 
F2:            88 Purple Petals, Short Stems 
    27 White Petals, Short Stems 
 

a) Given this information, identify alleles conferring the dominant and recessive phenotypes  
for petal color (Rainbow gene) and stem length (Stem gene).  

R allele confers dominant purple petal phenotype. The ST allele confers dominant long stem phenotype. 
b) Are the genes for petal color and stem length linked or unlinked? Justify your answer. 
The genes are unlinked because the dihybrid cross gave a 9:3:3:1 ratio expected for the unlinked genes.  
 

c) Write out the genotype of each flower below: 
i. White Petals, Short Stems P    _____r/r st/st_ ___ 

ii. Purple Petals, Long Stems P  _____R/R ST/st_ _ 

iii. Purple Petals, Long Stems F1  _____R/r ST/st___ 

iv. Purple Petals, Short Stems F1  _____R/r st/st _ __  
 

Encouraged by your successes with the two-trait flower crosses, you decide to go back to fly 
genetics. You identify mutations in two genes that result in the following recessive 
phenotypes: (1) flies homozygous for dbl1 have double-wings and (2) flies homozygous for 
prpl1 have purple eyes rather than red eyes.  You then perform the following cross: 

 

 Normal-winged, Red-eyed flies 
dbl1+ dbl1- prpl1+ prpl1- × 

Double-winged, Purpled-eyed flies 
dbl1- dbl1- prpl1- prpl1-

 

 

d) What would the phenotypic ratios of the progeny be if dbl1 and prpl1were unlinked genes? 
We would expect a 1:1:1:1 ratio of normal-winged, red-eyed flies (dbl1+/dbl1- ; prpl1+/prpl1-) to normal-
winged, purple-eyed flies (dbl1+/dbl1- ; prpl1-/prpl1-) to  double-winged, red-eyed flies (dbl1-/dbl1- ; 
prpl1+/prpl1-) to  double-winged, purple-eyed flies (dbl1-/dbl1- ; prpl1-/prpl1-). 
 
e) Instead of finding that the genes dbl1 and prpl1 are unlinked, you find that dbl1 and prpl1 

are linked.  When you perform the above cross, you find the following progeny: 
 

68 normal-winged, red-eyed flies 
73 double-winged, purple-eyed flies 
6 normal-winged, purple eyed flies 
9 double-winged, red-eyed flies 

 

Calculate the recombination frequency between the dbl1 and prpl1 genes. 
Rec. freq. = (total # recombinants)/(total # progeny) = (6+9)/(68+73+6+9) = 15/156 = 0.096 
 

f) Why is the particular cross you performed ideal for figuring out the recombination 
frequency?     



 

  

The double homozygous recessive parent can only provide the – alleles at each locus, so the alleles it 
provides serve as a sort of a blank page on which we can see which allele the double heterozygote 
provided.    
 

Question 3 
 

Albinism is inherited as an autosomal recessive. Below in a pedigree of a family where some 
members are affected with albinism.  
 Key: 

  
 
 

e

 AA       Aa  Aa      A Aa      AA 

 Aa       Aa  Aa       Aa            AA            AA 

            aa 

aa           aa        aa 
 
Assume that persons marrying into the family from the general popula
albinism (i.e. their genotypes are not Aa).   
 

a) In the pedigree above, indicate the genotypes for all known AA, Aa
individuals whose genotype you know or can derive to 100% certai
 

For each of the following pedigrees determine:  
- The most likely mode of inheritance (e.g., dominant, recessive, aut

mutation, etc.) of the genetic disease 
-The probable genotype of the numbered individual(s). Indicate any

to define your genotype symbols clearly. 
 

b) Disease A pedigree:  
                        
i. Mode of inheritance: Autosomal R
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Question 3, continued 
 

c) Disease B pedigree:  
 

i. Mode of inheritance: X-linked recessive (More 
males than females express the trait.  An affected 
female transmits the disease allele to all of her 
sons.) 

ii. Genotypes: (1) XAXa; (2) XaY 
 
 
 

 
c) Disease C pedigree:  

 
i. Mode of inheritance: (Hint: Think 

complementation) The disease can be caused by 
two different genes that are both autosomal 
recessive. 

ii. Genotypes: (1) AAbb or aaBB; (2) AaBb. 
 
 
 
 

 
 
 

Question 4 
 

You take a trip to the Amazon where you are introduced to a new plant that the indigenous 
people use as an anti-viral treatment.  Excited by the possible anti-AIDS applications, you 
want to construct a genomic DNA library from this plant in the hope of cloning a gene 
responsible for the anti-viral phenotype.  

   

= site for unwinding by helicase

= origin of replication

= promoter

= cloning site

= selectable marker 
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a) Above, circle the plasmid that has the MINIMUM features required for your library 
construction. 
 

Question 4, continued 
 

The restriction endonuclease sites for several enzymes are given below. 
 
BamHI: BglII: EcoRI 
      � 
5'...G G A T C C...3' 
3'...C C T A G G...5' 
              � 

      � 
5'...A G A T C T...3' 
3'...T C T A G A...5' 
              � 

      � 
5'...G A A T T C...3' 
3'...C T T A A G...5' 
              � 

   
PvuII PvuI EcoRV 
          � 
5'...C A G C T G...3' 
3'...G T C G A C...5' 
          � 

              � 
5'...C G A T C G...3' 
3'...G C T A G C...5' 
        � 

          � 
5'...G A T A T C...3' 
3'...C T A T A G...5' 
          � 

 
b) DNA that has been cut with PvuII can be ligated to DNA that has been cut with EcoRV. 

Indicate what would be the DNA sequence of the ligated DNA by filling in the blanks 
below. 

5'...C A G A T C...3' 
3'...G T C T A G...5' 

 
EcoRI fragments can be ligated together because the ends have compatible overhangs.   
 
c) Which two enzymes above create compatible ends?   BamHI and BglII 
 
d) If a DNA fragment cut with one of these enzymes was ligated to DNA cut with the other, 

what would be the DNA sequence of the ligated DNA? Label 5' and 3' ends. 
5'...G G A T C T...3' 
3'...C C T A G A...5' 
 

e) Can this new DNA be cut with either of the enzymes originally used? 
No—the new sequence is no longer a palindrome. 
 

You have discovered a new restriction enzyme, which you have decided to name NewI.  
Unfortunately all you know about this enzyme is that it is a restriction endonuclease.  You 
decide to give this enzyme a variety of DNA sequences in order to determine the site at which 
it can cut. 
 
f) You find that when long stretches of different sequences are cut by this enzyme it tends to 

cut approximately once every 256 base pairs.  Given that DNA is composed of four 
different bases (ACGT) and that NewI cuts at only one sequence, what is the most likely 
length of the sequence that NewI recognizes. Justify your answer.  

4^4 = 256, so we would expect to see a particular 4 base pair sequence repeat about every 256bp. Thus, 
the most likely length of sequence that NewI cuts is four base pairs. 
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