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Name___________________________   Section__________________ 

7.014 Problem Set 4 
Please print out this problem set and record your answers on the printed copy. Answers to this problem 
set are to be turned in to the box outside 68-120 by 5:00pm on Friday March 23, 2007. Problem sets will 
not be accepted late. Solutions will be posted online. 
 
 
1.   Currently you are studying threonine synthesis in E. coli. To find genes whose protein products are 
important for threonine synthesis, you perform a mutagenesis to find mutants that require a source of threonine 
to grow.  
 
(a) Immediately after mutagenizing the bacteria, would you choose to grow the bacteria on rich media or on 
minimal media? Briefly explain your choice. 
 
 
 
 
 
 
You find a total of nine mutants, all of which have recessive phenotypes. You perform complementation tests 
with all of your mutants. 
 
(b) What information do the complementation tests provide? 
 
 
 
 
 
Below are the results for your complementation tests. (+) means growth and (-) means no growth when the 
mutations from the two mutants are combined: 
 

 mt1 mt2 mt3 Mt4 mt5 mt6 mt7 mt8 mt9 wt 
mt1 -          
mt2 + -         
mt3 - + -        
mt4 + + + -       
mt5 - + - + -      
mt6 - + - + - -     
mt7 + + + + + + -    
mt8 + - + + + + + -   
mt9 - + - + - - + + -  
Wt + + + + + + + + + + 

 
(c) How many complementation groups did you identify? 
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Question 1 continued 
 
(d) For each complementation group, indicate which mutants belong to that complementation group. 
 
 
 
 
 
(e) How many gene products are involved in the synthesis of threonine? 
 
 
 
You have identified some intermediates in threonine synthesis: A, B, C, D and E. You grow a few of your 
mutants in the presence of these different intermediates to determine the order in which the gene products 
function. Below are your results. A (+) means growth and a (-) means no growth. 
 

 A B C D E Threonine 
Mt1 - + + + + + 
Mt2 - - - - - + 
Mt4 - + - - + + 
Mt7 - + + - + + 

 
 
(f) Given these data, draw the best possible pathway for the synthesis of threonine. The diagram should use 
arrows to indicate one intermediate being changed to another intermediate. Indicate which gene produces the 
product responsible for the conversion by listing the mutant for that gene above the arrow.  
 
For example if the gene product that is mutated in mt8 is responsible for converting A to B that would be drawn 
as: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A B 
mt8 



 3 

Question 1 continued 
 
(g) Do you think that your screen identified all the genes that produce proteins involved in the synthesis of 
threonine? Briefly explain your answer. 
 
 
 
 
 
 
 
(h) Below is an example of another metabolic pathway, but this pathway is branched.  Letters represent 
intermediates in the pathway and numbers represent proteins products of genes that act in the pathway (i.e. – the 
enzymes). 
 
 
 
 
 
 
 
 
 
 
 
Assuming that your mutagenesis results in only one mutation per cell (in this case, organism) do you think that 
you would isolate mutants that have a mutation in the gene that produces protein product 3? Briefly explain 
your answer. 
 
 
 
 
 
 
 
Additional thought question (i.e. – not worth any points): You do another screen to study the synthesis of 
another amino acid. You get 6 complementation groups with the following number of mutants in each group: 
Group #1 – 2 mutants 
Group #2 – 2 mutants 
Group #3 – 16 mutants 
Group #5 – 3 mutants 
Group #6 – 5 mutants 
 
Could these data suggest anything about the relative sizes of these genes?  
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2.    Consider the following energy flow of an ecosystem at steady-state: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) There are four trophic levels in this ecosystem: A, B, C, D. For each level, supply the correct term that 
defines that trophic level and name an example of an organism at that level.  

 
A – 
 
B – 
  
C –  
 
D –  

 
 
(b) What is the “energy” that flows between each level? 
 
 
 

145732 83067 

62665 

49840 25917 

7310 

6214 

877 

163 

44 

12 

76690 

0 

33227 219 

A 
B 

C 

D 

1096 175 

Energy from the sun 

g C/m2/yr 



 5 

Question 2 continued 
 
(c) What is the Net Primary Production in this system? 
 
 
 
 
 
 
(d) Determine the Exploitation Efficiency, the Assimilation Efficiency and the Production Efficiency for trophic 
levels B and C. Assume steady-state conditions. 
 
 
Trophic Level B 
 
EE –  
 
 
 
AE –  
 
 
 
PE –  
 

Trophic Level C 
 
EE –  
 
 
 
AE –  
 
 
 
PE -  

 
 
 
 
(e) Which trophic level has the highest ecological efficiency? Show your calculations. 
 
 
 
 
 
 
 
 
 
 
(f) Write an equation representing the annual net ecosystem production (the amount of biomass that is 
accumulated in the entire ecosystem on an annual basis) using the values from the diagram above, and assuming 
steady-state conditions. Briefly explain the meaning of this equation. 
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3.   It is the year 2576 and space travel technology is readily available. You travel to a newly discovered planet 
to explore the different regions on this planet.  
 
The planet is found to have three major regions: a desert with few plants, a tropical region with lots of plants 
and an ocean region with a large quantity of phytoplankton. You want to test what the limiting factors are for 
productivity (in this case, plant growth) in each region.  
 
With your vastly superior technology you are able to subdivide each of the regions in to 8 plots and can prevent 
crossing over of nutrients.  
 
 
 
 
 
 
 
 
 
 
You want to test the following elements: Si, C, N, P, S to see which is limiting. The experiment is run as 
follows: After subdividing the region into 8 plots, you add all factors to Plot A. Plot A is a positive control. You 
add all the factors except the one you want to test as a limiting factor to Plots B through G, each with a different 
factor missing. You add nothing to Plot H. Plot H is a negative control. You then assay for plant growth in each 
plot by measuring dry weight of plant growth. You collect the set of data shown below, where (+) means 
normal growth and (++) means extra growth.  
 
 
 
  Growth in Regions 

Plot Factors Present Desert Tropical Ocean 
A All present ++ ++ ++ 
B All except light + + + 
C All except Si + + + 
D All except C ++ ++ ++ 
E All except N + ++ + 
F All except P + ++ ++ 
G All except S + + + 
H No factors added + + + 

 
(a) What are the factors that can limit growth in… 

… the desert region 
 
 
 
… the tropical region 
 
 
 
… the ocean region 

 
 

A B C D E F G H 
Original Region 
(desert, tropics or ocean) 
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Question 3 continued 
 
You want to gain further support for your experimental results. You decide to get samples of plant matter and 
the water supply. You analyze the water and the chemical composition of plants from the tropical region and 
find the following: 
 

 Chemical Analysis of (% of total): 
Element Water Plant 

O 64 50 
H 20 10 
Si 4 20 
C 10 18 
N 1 1 
P 0.8 0.6 
S 0.01 0.4 
Zn 0.05 0.01 
Cu 0.05 0.001 
Fe 0.1 0.005 

 
(b) Does this data support or refute your earlier conclusions about limiting factors for plant growth in the 
tropical region? Explain. 
 
 
 
 
 
(c) What limiting factors seem to be the most important overall on this planet? Why? 
 
 
 
 
 
4.    Below is a chart of cities in the United States with their average temperature and rainfall during the month 
of June. Choose which city is most likely to have the highest productivity during June and which is most likely 
to have the lowest productivity during June. Provide a short explanation for your answer. 
 

City Average Temperature (!F) Average Precipitation (inches) 
Boston, MA 65 3.2 

San Francisco, CA 60 0.13 
Juneau, AL 54 3.36 

New Orleans, LA 80 6.83 
Topeka, KN 74 4.88 
Duluth, MN 60 4.25 

Las Vegas, NV 86 0.08 
 
City with highest productivity: 
 
 
 
City with lowest productivity: 
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5.   Below are the profiles for 4 species, showing their assimilation and production efficiencies. Select which of 
the following most likely characterizes a rabbit (an herbivore) and a fish (a carnivore), and explain your 
selections. 
(A = energy assimilated, I = energy ingested, P = production).  

 
 
 
 
 
 
 
 
 
 Rabbit:  
 
 
 
 
   Fish: 

species A 
 

A/I = 20% 
P/A = 20% 

 

species B 
 

A/I = 80% 
P/A = 15% 

 

species C 
 

A/I = 30% 
P/A = 1% 

 

species D 
 

A/I = 80% 
P/A = 2% 

 


