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TEACHING NOTES

7 Population genetics and evolution: seeds surviving the winter

In this simulation, students model changes in allele frequencies in a population that is under
selection. Contrary to most other simulations presented here, the basic units students work
with are not individuals, but alleles. This enables the students to directly observe the fate of
individual alleles and understand the causes of changes in allele frequencies in the population.

7.1 Aims

• To explain the fact that, though selection acts on individuals, the population is the smallest
unit that evolves.

• To introduce the definition of microevolution—the changes of allele frequencies within a
population.

• To review the concept of the carrying capacity of an environment.

7.2 Structure

• Students run the simulation in groups of three to five (45 min).
• Students analyze and discuss the results, individually or in groups (45 min).

7.3 Materials

For each group of students:
• Clothespins of two different colors to represent the alleles (80 of each color)
• A plastic box in which to store the supply of clothespins
• Student sheets

These numbers serve one group of students.

Figure 1: Single clothespins represent alleles, doubles represent individuals.

7.4 Procedure

1. The teacher distributes the materials to the student groups and takes care that the students
form the correct numbers of individuals with different genotypes in the first generation.

2. Students run the simulation according to the instructions in their worksheets. They record
the data for each generation in the prepared data tables. Alternatively, the data may be
recorded directly in a table editor, which makes the subsequent counting and graphing
easier.

3. Analysis: The prompts in this section may be used for group or class discussion, sum-
marizing the activity, or the outcomes of this activity may be submitted as a formal lab
report.
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STUDENT SHEET

Population genetics and evolution: seeds surviving the winter

In this simulation, you will assemble different alleles to form individuals, whose fate you will
then observe. You will be working with a fictional annual plant species, Beata flava, growing
on a small patch. It is a typical insect-pollinated plant with diploid somatic cells and sexual
reproduction through haploid gametes. Seeds are produced in the autumn and then face the
challenge of surviving the winter.

The total amount of starch in a seed depends on the structure of the starch molecules,
which is genetically determined. The gene affecting the structure of starch molecules has two
alleles, one of which is completely dominant over the other. The dominant allele “R” codes for
branched starch molecules, while the recessive allele “r” contains a non-functioning copy of the
gene, resulting in linear, unbranched starch molecules. The total amount of starch in a seed is
higher when the starch is present in the branched form. Higher starch content in a seed makes
the seed less vulnerable to low winter temperatures. Seeds that are dominant homozygotes
(RR) or heterozygotes (Rr) contain branched starch, while recessive homozygotes (rr) contain
unbranched starch. The total starch amount is thus lower in recessive homozygotes compared
with heterozygotes or dominant homozygotes. After being released from the pod the seeds have
to survive the winter before sprouting. In most of the Beata flava distribution range the winters
are mild, enabling even seeds with thin seed coats to survive. However, if the winter is cold and
long, only seeds with high starch content are able to survive until the spring.

In this activity, you will examine a small population of Beata flava during ten growing seasons.
This population has recently colonized a small meadow patch, whose carrying capacity is 40
individuals of this species. The carrying capacity means that each year, only 40 plants will
survive to adulthood and reproduce on the site.

Materials

• clothespins of two different colors to represent the alleles (80 of each color)
• A plastic box in which to store the supply of clothespins

Procedure

1. Model the genotypes of the initial population (Generation 1) using the clothespins. De-
cide which color will represent a dominant and which a recessive allele. There are 40
plants in the initial population: 17 dominant homozygotes, 18 heterozygotes and five re-
cessive homozygotes. Each plant will be represented by a pair of clothespins, the colors
being determined by the numbers of dominant homozygotes, heterozygotes and recessive
homozygotes. Record the numbers of individuals in the data table below.

2. All these plants survive to reproductive age and produce two gametes. Model the produc-
tion of gametes by separating the alleles. Record the number of each type of gamete in the
data table.

3. The plants are pollinated randomly, which means that there is an equal chance for any
possible pairing of gametes. Model random pollination by shuffling the clothespins and
randomly pairing them to make the seeds from which new individuals may sprout in the
spring. These seeds represent Generation 1. Record the numbers of dominant homozygotes,
heterozygotes and recessive homozygotes in this generation.

4. The first winter is a mild one. All of the seed types manage to survive the winter and
sprout with equal probability in the spring. There are now 40 new plants growing on the
site. All of them survive to reproductive age and produce gametes.

5. Repeat Steps 2 and 3 to model the new generation of seeds—Generation 2.
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6. The second winter is exceptionally cold and long, so the seeds with a thin seed coat will not
survive. Remove the clothespin pairs representing the dead recessive homozygotes. Record
the cold winter and the death of the recessive homozygotes in the data table.

7. In the spring, 40 new plants will again grow on the site. (The carrying capacity of the
environment has not changed. This winter there was an unequal chance of survival for the
seeds, those with a thick seed coat survived better.) Supply the missing alleles by taking
the required number of clothespins from the box. Pair these alleles to get new individuals
(remember that all seeds having a thin seed coat have died, so you may add only dominant
homozygote or recessive homozygote adult individuals).

8. Repeat Steps 2 and 3 to model the new generation of seeds.
9. The third winter was again a typical mild one.
10. For each of the following years repeat the steps necessary to produce seeds of the new

generation and model their fate during winter according to the information below. The
fourth and fifth winters were both cold and long. The sixth winter was mild. All following
winters, beginning with the seventh, were long and cold.

11. Record the numbers of individuals and alleles of each generation in the data table.
12. Calculate the frequencies of alleles in adult individuals of each generation.
13. Make a graph showing the changes in the frequencies of alleles throughout the observed

generations.

Table 1: Changes in number of individuals of individual genotypes during generations.

Number of individuals of a given genotype

generation (mature plants) dominant
homozygotes (RR)

heterozygotes (Rr) recessive
homozygotes (rr)

1

2

3

4

5

6

7

8

9

10
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Table 2: Changes in allele frequency over the course of multiple generations.

Number of alleles Allele frequency

generation (mature plants) dominant (R) recessive (r) dominant (R) recessive (r)

1

2

3

4

5

6

7

8

9

10

Analysis

1. How does the population in the last year of study differ from that in the first one?
2. Could a sufficient number of cold winters completely eliminate the recessive allele from the

population?
3. In this model we assumed a carrying capacity of 40 individuals of Beata flava in the study

location. Each year, 40 plants reached maturity in this location. Explain the expression
“carrying capacity of an environment”. We can expect more than 40 seeds to be produced
each year. What happens to these seeds?

4. In Step 7, we supplied the missing number of alleles by taking them from the box with
extra alleles. What natural process does this step represent?

5. Like all models, this is just a simplified simulation of reality. Suggest some weak points of
this model.
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Graph

Allele frequency in individual generations.

Generation

0 5 10

A
lle

le
fr
eq
ue

nc
y

0

0.5

1

6


