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Answers 
 
1. Run the Hardy-Weinberg calculation (section 3.2b) for another generation, 
again using the selection coefficient against the homozygous a2a2 of 0.5. 
Again assuming a population of 100 zygotes, work out the number of 
individuals with each genotype surviving to adulthood (rounding where 
necessary) and the proportion of gametes in the next gene pool. 
 
Answer 
A1A1 =  0.65*0.65  = 0.42     (= 42 individuals) 
A1A2 =  2(0.65*0.35)  = 0.46    (= 46 individuals) 
A2A2 =  0.35*0.35   = 0.12 …..but minus 12*0.5  (=   6 individuals) 
 
so the new population size is 94. The proportion of each combination in the 
population is now (rounding where necessary):  
 
A1A1 =  42/94 = 0.45    
A1A2 =  46/94 = 0.49      
A2A2 =  6/94 = 0.06  
 
0.45 + 0.49 + 0.06  =  1.0 
 
Each combination will produce two alleles: 
 
A1A1:  0.45 * 2 =   0.90 A1 alleles  
A1A2:  0.49* 2 =   0.49 A1 alleles; 0.49 A2 alleles 
      
A2A2 = 0.6 * 2 = 0.12 A2 alleles  
 
That is, (0.90 + 0.49) are A1 and (0.12 + 0.49) are a2. 

 

As a proportion of 2 (the two alleles produced by each individual), the 
proportion of the gametes in the gene pool now comprises  

p = (1.39/2)  =  0.695; q = (0.61/2)  =  0.305. 
   
For completion:  
 
(0.6952) + (0.695*0.305) = 0.483 + 0.212 = 0.695A1 
(0.3052 ) + (0.695*0.305) = 0.093 + 0.212 = 0.305 A2 

 

 p + q = 0.695 + 0.305 =1 
 
2. In Box 3.3, an experiment designed to measure the heritability of truss size 
in tomato is described. The design suggests taking cuttings from a single 
plant and growing these in a range of different soil to calculate h2. Give the 
major reason for  
  (a) taking cuttings from a single plant  
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 The cuttings are clones and share exactly the same genotype. If 
genotypic variation is the main reason for differences in truss size, all of these 
will produce more or less the same number of fruit. 
 (b) growing them in a range of soils 
 If truss size is principally determined by environmental variation (most 
probably nutrient levels in the soil) then a range of truss sizes will be 
produced across the different soils.  Indeed, the variance of these cuttings 
should be larger than that seen in the parent plant…why? 
 
3. Most plants of a hypothetical tomato variety produce trusses with an 
average of six fully-grown fruit.  These are grown from seed from matings 
which are more or less random, and plants with larger or smaller trusses are 
very infrequent.  

(a) What does this suggest about the success of these phenotypes in 
the absence of artificial selection? 
That the balance of costs and benefits of more fruit per truss does not 
favour more or less fruit; that six fruit per truss has the greatest 
reproductive success. This may be an example of stabilising selection. 
(b) What costs might be incurred by tomato plants that produce more 
fruit per truss? 
Every truss will need the supporting structures (anchorage, stem, 
vascular tissues, photosynthetic area) and nutrient supply to develop 
mature fruit. These are the basic costs required to grow a truss which 
together place a limit to the number of trusses on a plant of a particular 
height. Presumably more fruit per truss will demand more resources 
per truss. We might examine whether truss number goes down as 
these costs rise (and whether total number of fruit produced remains 
the same). 
(c)  What might be suggested if the average dry weight of the fruits 
from the larger trusses was less than those of the majority of plants? 
That there is a limit to the support and resources that can be supplied 
by a plant of a particular size: big fruit incur higher unit costs and so the 
trade-off may be that more fruit per truss requires average fruit size to 
be smaller (or there are fewer trusses). 
(d) How might the number of trusses per plant change with the average 
weight of each fruit? Suggest experimental manipulations you might 
make to examine this. 
There may need to be a trade-off in the number of trusses and the total 
weight of fruit produced, for a plant of given size. One experiment could 
test this idea using clones of a single plant grown under identical 
conditions which have (i) fruit removed early from developing trusses to 
vary the number of fruits per truss artificially (ii) one of more complete 
trusses might be removed before they develop. This would be 
replicated across several clones of the same variety. The variation in 
the dry weight of the fruit would be used to assess any apparent trade-
off in (i) fruit number per truss or (ii) number of trusses.  
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4. In a controlled breeding experiment, a known selection differential (S) 
was applied to tomato plants, to promote an increase in the number of fruit 
per truss. How would you measure the narrow-sense heritability (h2) of this 
trait? 
 
Answer 
Since the selection differential (S) is known, only the selection response 
(R) needs to be measured to derive h2  - that is, the number of fruits per 
truss amongst the plants selected for breeding:   
     h2 = R/S 
 
Of course, narrow-sense heritability is that variation attributable to 
genotypic variation between the tomato plants alone, so we would need to 
remove any possible variation in the conditions under which our plants are 
growing. A controlled breeding experiment should do just that. 

 


