
BIO 345 Organic Evolution Name:

Exercise 4: Evolution at Multiple Loci
John Nagy

1 Qualitative Traits at Multiple Loci

1. In humans, the ABO system is not the only clinically relevant blood antigen system.
Another is the Rh system, which is determined by a different locus from the ABO locus.
The Rh system exhibits two phenotypes, + and −, where + is dominant. So we denote
the two Rh alleles as Rh+ and Rh−.

As with ABO, the Rh system shows considerable geographic variation; for example, one
study [3] suggested that about 12% Americans of European descent and about 7% of
Americans of African descent are Rh−, whereas among Chinese and Japanese, around
1% are Rh−.

In Belgium, the following allele frequencies for ABO and Rh blood groups have been
reported:

(a) Frequency of IA = 0.257;

(b) Frequency of IB = 0.058;

(c) Frequency of i = 0.684;

(d) Frequency of Rh+ = 0.845; and

(e) Frequency of Rh− = 0.155.

If the ABO locus were independent of the Rh locus and both loci were in Hardy-Weinberg
equilibrium, what would be the expected frequencies of all possible blood types in Bel-
gium? (NOTE: blood types must now include both the ABO and Rh phenotypes; for
example, AB+ is a distinct phenotype from AB−.) Show your work in the space below
or on a separate sheet of paper.
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2. In a particular study of the fruit fly, Drosophila melanogaster, researchers bred flies to be
in maximal linkage disequilibrium for two linked genes: one for an enzyme called esterase-
3 and another for an enzyme called esterase-6 [2]. They then allowed flies to breed freely
and measured the rate of change of linkage disequilibrium over time. Suppose the first
gene (for esterase-3) has alleles A and a, and the second (esterase 6) has alleles B and b.
Further suppose that at one point during this experiment, the chromosome frequencies
were the following:

gAB gAb gaB gab

Frequency 0.38 0.26 0.10 0.26

(a) Calculate the coefficient of disequilibrium, D, for this situation. Show your work.

(b) Suppose the recombination frequency r = 0.1. What would be the expected linkage
disequilibrium after 5 more generations? Show your work.

2



(c) If nothing else changes in this experiment, what would ultimately happen to D over
indefinite time? Explain how this conclusion relates to figure 8.7 in the Freeman and
Herron text.

2 Quantitative Traits

For decades, Peter Grant, Rosmary Grant and their colleagues have studied evolution of mor-
phological traits in “Darwin’s finches” in the Galápagos archipelago, primarily on the island
of Daphne Major. Their study has become a classic, representing some of the finest field work
ever done. Part of their study, focusing on evolution of beak morphology in medium ground
finches, is well-documented in the Freeman and Herron textbook, so I won’t introduce details
here. However, we will analyze some of their data collected in the mid-1970s. In particular, one
member of the team, Peter Boag, measured beak depth (see text) of medium ground finches
breeding on Daphne Major. He also had data showing who bred with whom and which off-
spring were hatched from which nesting pair. That allowed him to match parent beak depth
with that of their offspring. He represented these matched data points as “midparent” and
“midoffspring” values, or average of the parents’ beak depths and the mean of their offsprings’,
respectively.

Part of his data set (with some rounding error) is presented in Table 1.

1. Plot these data as a scatterplot with midparent value on the x-axis and midoffspring on
the y-axis. You may do it by hand or by computer using your favorite software. Hand in
the plot stapled to this packet.

2. Calculate the narrow-sense heritability, h2, for these data. (HINT: Use your preferred
method for performing regression analyses to find the slope coefficient. If you are new to
regression, plot these data in Excel and then add what Excel calls a “trendline.” This is
the least-squares regression line. Have Excel plot the regression equation (it’s a checkbox
in the dialog box that pops up when you add the trendline). The slope coefficient is the
slope of the line given in the equation.) Write your value of h2 in the space below:

h2
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Table 1: Beak depth of medium ground finches on Daphne Major in 1976. Data from [1]
.

Midparent beak depth Midoffpsring beak depth

8.1 8.0
8.3 7.8
8.4 8.2
8.8 8.7
8.9 8.4
8.95 8.5
9.0 9.0
9.1 8.9
9.2 7.8
9.15 9.5
9.2 9.15
9.3 9.7
9.35 9.0
9.5 9.75
9.6 9.1
9.9 8.6
9.9 9.5
10.0 9.5
10.3 10.1
10.5 9.8
10.8 10.9
10.9 8.7
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3. Suppose the selection differential S = 0.3 mm/year. After 2 years, what is the expected
evolutionary response, R? Show your work.

4. Compare your result to the data in Figure 3.10 of the Freeman and Herron text. Is your
calculation of R consistent with these data? Explain.
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