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Unit 4: Why do scientists claim our ancestors were fish?
Unit 4B: Population Evolution

Performance Task 1: What happens when genetics converges with evolutionary theory?

Activity A: Complete the following Questions/Notes while watching “The Making of the Fittest: Natural
Selection in Humans” video clip. (http://www.hhmi.org/biointeractive/making-fittest-natural-selection-humans (stop
at 9:30 for now)
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What disease do both siblings have? <%\ C/LLQL CQ Q0 AN Avu_a_
What cellular change causes the wide variety of mptoms suffered by those with sickllg cell anemia?
RS > Oesnd %"%’( ; d\(\kQQj\)v3 O) P,rngu‘u‘
o Voo dwy NS

Is sickle cell a rare disease? ND @
What is the frequency of the disease among African Americans? \/600

Why is the high frequency of disease particularly perplexing? BQQQMSL wi VC,Y.\ASL(X Q/Y”Peck
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What was Dr. Allison's driving question?
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What was Dr. Allison's initial observation regarding the frequency of sickle cell disease (which is a
genetic disease) with regard to geography?
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What fact did Dr. Allison know about these geographic areas with regard to the infectious disease,
Malaria?
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What problem did Dr. Allison want to address; in other words, what was his hypothesis?
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What two conditions did Dr. Allison test?

What did his findings suggest?

What two sets of data supported Dr. Allison's hypothesis?

What are all possible genotypes for the sickle cell trait? What phenotype is the dominant phenotype?
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Textbook Pages 482-486 ’

Activity B: How is evolution defined in genetic terms? What are the sources of genetic variation?

Background

Darwin developed his theory of evolution by natural selection without understanding the mechanisms by whicw
inherited traits pass from generation to generation. Even though Mendel’s studies on pea plant inheritance were
published during Darwin’s lifetime, no one made the connection between both lines of study. In addition, while
Darwin based his theory on heritable variation, he had no idea where that variation originated. Once researchers
discovered that heritable traits are controlled by genes carried on chromosomes, and that changes in genes and
chromosomes generate variation, evolutionary theory could be studied and defined in genetic terms.

Recall from our meiosis and genetics unit:
There are three ways sexual reproduction contributes to genetic variation:
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Genetic variation and evolution are both studied in populations. What is a population?
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Alleles in a population:

cample Population

brown fur " black fur
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When scientists try to determine whether a population is evolving, they study its allele frequencies. The
diagram above shows allele frequencies for fur color in a mouse population. Here, in a total of 50 alleles, 20 are
B (black) and 30 are b (brown). X’GM’L

How many of each allele would be present in a total oflg();alleles? L}U b’a C k, (0 0 b‘"‘-"h"‘)n

So. what is the frequency of each allele? ' - ‘1U Yo X (‘70




How would you define allele frequency in your own words?
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Remember, there are 50 alleles represented in this gene poo] How many total individuals are there in this
population?
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Calculate the number of individuals in this population with each of the threé\gb)‘n
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Phenotype Genotype % of the popn‘l/lon [ # mdlviduals
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How would you define genotype frequency in your own words?
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More vocabulary- Think about it: Perhaps the most common definition of the noun pool is a large man-made
body of water in which you can swim. However, a pool can also refer to the available supply of some resource.
How would you define gene pool in your own words?
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Explain how natural selection acts on phenotypes:
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Vocabulary Practice

"/‘(‘
Online textbook Activity 17.1 Art in Review \)ﬂ\f\’\
Log on to the textbook website (do not open the textbook). Go to “EXPLORE”. Choose © -5 Tvolution’

and Lesson 17.1 “Genes and Variation”. Go the “ACTIVITIES™ Art Review- Frequency and Dominance.
Complete each activity, submit your answers and record the correct answers below.
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Population #2

Phenotype Genotype 5{.)/hﬁi)ﬁber of Each Phenotype

B RR
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Red | Black
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Examine the data shown in Populations 1 and 2. Does allele frequency correlate with whether that allele is

dominant or recessive? Explain.
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Performance Task 2: What conditions are required to maintain genetic equilibrium?

Activity: Hardy Weinberg Equilibrium: Read pages 491-492 in the textbook (you will not need to know the
mathematical equation, but we will model the relationships below). List and write a brief summary describing
each of the conditions that can disturb genetic equilibrium.

There are 5 conditions that can disturb genetic equilibrium:
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How can we model what is happening in a gene pool over a long period of time?

Recall the Punnett Square we used to predict the offspring of a single cross, when the alleles contributed by a
set of parents are known. The Punnett square shown below is a model that represents the cross between two
parents that are heterozygous for a particular trait that follows simple dominanci pattern of inheritance.

Complete the Punnett Square. W T =72 Y\

L C/'R |
Circle the alleles contributed by the parents. \, bt / u !;
Put an “¥” over each box of the homozygous dominant offspring. Qz

Put a “ X over each box of the heterozygous dominant offspring. @ ><\‘Q V’l VZ v IX

Put a ¥ over each box of the homozygous recessive offspring. /

What percentage (fre(l%ency) of the offspring does each individual

box represent? _’l__
r \[2 « % s /
What are the predicted genotypic ratlos of the offspring? s
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What are the predicted phenotypic ratios of the offspring? (phenotypes: just say “dominant’ vs. ‘recessive’)
15 dorm , 25 (. e
How can we revise the Punnett Square model to predict the offspring of a population?
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Compare the Punnett square below to the one on the previous page. Notice the additional boxes in this Punnett
square.

'hat does each small box represent in terms of percentage or frequency? (l (1\ CY“ - U;‘I C

o 3 'S
| | o — > =
When using the Punnett square to the right as a model for predicting / ¢
offspring in a population, the alleles represented on the top and side "
represent the allele frequencies available for reproduction in that r )
population. S)>
]
Example 1: In this population, the allele for red hair (r) is recessive :
to brown hair (R). The frequency of each allele (dominant or \f; v )
recessive) is 50% o@ gmplete the Punnett square. T
What are the predicted genotypic ratios of this population? /,(7 .
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What are the predicted phenotypic ratios of this population? 0S8 o8
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rwxample 2: The allele frequency of the recessive red allele in the population of Scotland is 30% or(0.3. How
does this change the model compared to Example 1?
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Complete the Punnett square.

l R r\e

What are the predicted genotypic ratios of this population? L > b >
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What are the predicted phenotypic ratios of this population?
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Compare the genotypic ratios and phenotypic ratios for these two examples. Are they the same or dlfferentof3
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Example 3:
A population of mice have two phenotypes for fur color- black and brown. The black allele (B) is dominant

over the brown allele (b). After counting the fur types in the population, it is determined that 36% show the

phenotype for brown fur. ¢ (2 i ‘

What is the frequency of the brown allele 2P ALY
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What is the frequency of the Black allele? L A A y
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Record this information on the Punnett square at ‘the i ght and complete

the Punnett square.

What are the predicted genotypic ratios of this population?

What are the predicted phenotypic ratios of this population? 24 ¢

Example 4:

After many generations, the population of mice in Example 3 is surveyed, and it is determined that 16% show
the phenotype for brown fur.

What is the frequency of the brown allele?

What is the frequency of the Black allele? =\~

Record this information on the Punnett square at the right and complete

the Punnett square.

What are the predicted genotypic ratios of this population?

What are the predicted phenotypic ratios of this population? » 1

#**Evolution, in genetic terms, ok

Has evolution occurred in the populations of mice of Examples 3 and 4?




Performance Task 3: How does natural selection affect single gene and polygenic traits?

Activity A: What determines the number of phenotypes for a given trait?
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In our studies of Mendelian patterns of inheritance, we saw that the presence or
absence of a trait can be controlled by one gene. This is called a single-gene
trait. Note the type of graph used to record the frequencies of each of two traits
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Many traits are controlled by two or more genes and are called polygenic i Graph B _
traits. A well-known example is the height of individuals. ‘ o

The bell-curve shape of this graph indicates that there is a range of heights of
individuals in the population, few individuals are very short or very tall- most
are in the middle of the range.

Frequency of
Fhenatype
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STOP and THINK:

A black guinea pig and a white guinea pig mate and have offspring. All the F1 offspring are black. The F2
generation shows some black and some white individuals. Is the trait of coat color probably a single gene trait

or a polygenic trait? (

v

Which Graph above does this scenario match?

The genetics of eye color are complex, and there are many variations of eye color among humans. While we
may just say that a person has brown eyes, you might notice that there are many shades of brown, all a result of
a complex pattern of inheritance. Is the trait of eye color probably a single gene trait or a polygenic trait?

Which Graph above does this scenario match?



Activity B: Natural Selection on a Single Gene Traits- Effect of Color Mutations on Lizard Survival

Natural selection on a single-gene trait can lead to changes in the allele frequencies and, thus, to
evolution.

Recall from Unit 4A:
in {- ‘S

Evolutionary fitness means _ .
v ared

Evolutionary adaptation means

Consider the following scenario:
IRANZ22 LAY OV e e

A lizard population experiences mutations in the gene that determines body color. The normal color of the
lizards is brown. Random mutations in that gene for body color produce two new phenotypes: red and black, as
shown in the data table below. Red colored lizards are more visible to predators. Black colored lizards absorb
more sunlight and move faster than red and brown lizards on cold days. High body temperature allows lizards to
move faster to feed and avoid predators.

Using the information provided in the data table below complete the bar graph with colored pencils.

Initial Population ~~ Generation 10 Generation 20 Generation 30

OO RO} X
| X "*\i; WEREN LN

80% 70% 40%

0% 0% 0%

AL NN AN

20%

Copyright ©f Peamson Educatssn, Inc, ar its affifiates. All Rights Besened

100
90
80
70
60
50
40
30 | . \
20 L Y
10 ] '

Yo Initial population Generation 10 Generation 20 Generation 30

10



Summarize the series of events that occurred in order to produce the population shown in Generation 30.

Activity C: Natural Selection on Polygenic Traits

Log on to the textbook website (do not “open’ the textbook). Go to “EXPLORE”. Choose “Chapter 5
Evolution” and Lesson 17.2 “Evolution as Genetic Change in Populations™. Go the “ACTIVITIES™ Art in
Motion- Natural Selection. Complete each activity: describe the scenario; using lines, diagram the
observations on the graphs provided; and identify the mechanism illustrated.

Scenario 1:

Mechanism:

Number of Birds
in Population
Number of Birds
in Population

Beak Size Beak Size

11



Scenario 2:

Mp/
Wi

in Population

Number of Birds
in Population
Number of Birds

Beak Size Beak Size .

Scenario 3:
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Number of Birds
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Follow up: Natural Selection on Polygenic Traits

Use the diagram below to answer the following questions.

— e Originsl distribution
£ of phenctypes e H e § N

§~3 Distribution of gz 23 P

2 ~§ phanotypas after 3 = ‘g / \

g § natural selection gy g2 4
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Bird Beak Size > Bird Boddy Mass Bird Beak Size
Graph B Graph C

Graph A

1. Match each Graph above with the mechanism of Natural Selection working on that population:

Graph (letter) Mechanism
C Disruptive
P& Directional
Q) Stabilizing

2. Which of the three graphs shown above might show a population of birds with members that specialize in
different types of food? Explain.

. What factors or conditions might have led to the change shown in Graph A?
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4. Complete the table below.

A. Stabilizing selection B. Directional selection C. Disruptive selection

Mechanism Scenario

If there are two types of seeds to eat for a population of birds, either of two different beak
C shapes (sharp or blunt) might be selected for, but a beak that's the average of the two shapes
might not be particularly good at eating either seed, so it would be selected against.

A plant that is too short may not be able to compete with other plants for sunlight. However.
P‘ extremely tall plants may be more susceptible to wind damage. Combined. these two selection
pressures select to maintain plants of medium height. The number of plants of medium height

will increase while the numbers of short and tall plants will decrease.

In a population of plants, flowers with the brightest color might be selected for because they
(")) attract the most pollinators.




Performance Task 4: What is genetic drift?

Natural selection is not the only source of evolutionary change. In small populations, an allele can become more
or less common by random chance.

Define the term random in your own words:
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Examine the scenario illustrated above. Explain why the two populations of descendants are so different from
one another and the original population.
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Performance Task 5: How can changes in ecosystems contribute to changes in gene frequency over time
through natural selection, resulting in adaptation of populations?

The Making of the Fittest- Natural Selection in Humans - Sickle Cell Activity

(Continue Sickle Cell video from 9:31 to end)

[On your own, you may wish to follow up by watching an interesting related video on the evolution of Lactose
Intolerance at http://tinvurl.com/Is35upv]
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Appendix: Performance Tasks 1-5 Summary Graphic Organizer

After each Performance Task is complete, add a written summary in the graphic organizer describing how the
information gathered during the task will help you answer the driving question.

Driving Question:
Why do scientists claim our ancestors were fish?

Performance Task Summary
1. What happens when
genetics converges with
evolutionary theory?

2. What conditions are
required to maintain genetic
equilibrium?

3. How does natural
selection affect single gene
and polygenic traits?

4. What is genetic drift?

5. How can changes in
ecosystems contribute to
changes in gene frequency
over time through natural
selection, resulting in
adaptation of populations?




