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Specification links

OCR A2 Unit F215: Control, Genomes and Environment

Module 1: Cellular Control and Variation, Section 2: Meiosis and Variation.

0 Use genetic diagrams to solve problems involving sex linkage and co-dominance.

o0 Describe the interactions between loci (epistasis). Predict phenotypic ratios in problems involving
epistasis.

0 Use the chi-squared (#2) test to test the significance of the difference between observed and expected
results.

0 Use the Hardy-Weinberg principle to calculate allele frequencies in populations (HSW1).

0 Explain, with examples, how environmental factors can act as stabilising or evolutionary forces of
natural selection.

0 Explain the role of isolating mechanisms in the evolution of new species, with reference to ecological
(geographic), seasonal (temporal) and reproductive mechanisms.

o0 Compare and contrast natural selection and artificial selection.

AQA A2 Unit 4: Populations and Environment

Section 8: Genetic variation within a species and geographic isolation lead to the accumulation of different
genetic information in populations and the potential formation of new species.

0 The genotype is the genetic constitution of an organism.

0 The phenotype is the expression of this genetic constitution and its interaction with the environment.

0 Alleles are one or more alternative versions of the same gene. The alleles at a specific locus may be
either homozygous or heterozygous.

0 Alleles may be dominant, recessive or codominant.

o

There may be multiple alleles of a single gene.

0 Calculate allele, genotype and phenotype frequencies from appropriate data and from the
Hardy-Weinberg equation, p? + 2pq + g = 1 where p is frequency of the dominant allele and q is the
frequency of the recessive allele.

0 Geographic separation of populations of a species can result in the accumulation of difference in the
gene pools.

0 The importance of geographic isolation in the formation of new species.

Edexcel A2 Unit 4: The Natural Environment and Species Survival

Section 5: On the wild side.

0 Descibe how evolution (a change in the allele frequency) can come about through gene mutation and
natural selection.

0 Explain how reproductive isolation can lead to speciation.



WIEC A2 Unit BY5: Environment, Genetics and Evolution

Section 4: Inheritance

(0]

Alleles as different forms of the same gene.

An understanding of the principles of monohybrid and dihybrid Mendelian inheritance. Chi squared.
Codominance. Linkage.

Section 5: Variation and evolution

o

o

Genetic and environmental factors produce variation between individuals.

Selective agencies (e.g. supply of food, breeding sites, climate).

The gene pool and genetic drift.

Selection can change the frequency of alleles in a population.
Isolation and speciation.

Separation of populations by geographical, behavioural, morphological, seasonal and other isolation
mechanisms.

Darwin’s theory of evolution that existing species have arisen through modification of ancestral
species by natural selection.

SQA Higher Unit 2: Genetics and Adaptation

Section A: Variation

(0]

Linkage and crossing over.

The existence of linked genes and their effect on the F2 generation.
Sex linkage.

Section B: Selection and speciation

(0]

(0]

Natural selection.

The survival of those organisms best suited to their environment.

The concept of the species.

The importance of isolating mechanisms as barriers to gene exchange leading to evolution of new
species.

Artificial selection.

The evolution of a wide variety of crops and domesticated animals through selective breeding and
hybridisation as undertaken by humans.

Relevant How Science Works Criteria

O 0O 0 ©

Use theories, models and ideas to develop and modify scientific explanations.

Use knowledge and understanding to pose scientific questions, define scientific problems, present
scientific arguments and scientific ideas.

Use appropriate methodology, including ICT, to answer scientific questions and solve scientific
problems.

Analyse and interpret data to provide evidence, recognising correlations and causal relationships.
Evaluate methodology, evidence and data, and resolve conflicting evidence.

Appreciate the tentative nature of scientific knowledge.

Communicate information and ideas in appropriate ways using appropriate terminology.



Darwin-Inspired Learning

1. Encourages a sense of place and direct engagement with the natural world using local environments and
the environment of Down House and other places Darwin worked.

2. Has a pedagogy of enquiry which places importance in:

0 Active learning - seeking out experiences and questions, solving problems and dialogue between
teachers and pupils and between learners.

0 Teaching that facilitates imagination and thoughtful hands-on inquiry as well as the delivery of high
quality engaging content.

0 Teaching that engages critical, creative thinking about how we know and how scientists work.

3. Encourages interdisciplinary studies, with Darwin as the context, between science, literature, writing and
expression, history, religious studies, geography, horticulture, dance and drama, design and
technology, numeracy, music and art.

How to use this pack

Each lesson is laid out in suggested order of teaching.

At the start of each section there is a timing guide. However, you may want to allow more or less time
depending on what you would particularly like to focus on with your students. Although you can choose
to miss certain activities, we recommend working through all of them to provide students with a broader
understanding of the topic.

In the teacher’s pack, the answers to the activities have been provided in green. Please bear this in mind if
you choose to print this pack in black and white.

Powerpoint slide numbers are given at the start of the text they refer to.

The module is complemented by videos of Darwin Inspired Scientists which provides a case study of how
scientists work today and the relevance of Darwin to their work and current research.

Darwin Inspired Scientists:

Video interviews with a contemporary scientist www.bit.ly/DarwinsPigeons

Further sources of information:

Natural History Museum: How do new species form in the ocean?
www.bit.ly/NHMspeciation

Natural History Museum: Darwin’s Mockingbirds and their role in Darwin’s work
www.bit.ly/NHMmockingbirds

Natural History Museum: Evolution — the theory
www.bit.ly/NHMevolution




Module Overview

Learning objectives and outcomes

Students will:

o Compare natural and artificial selection and be able to critically explain the difference between the
two.

0 Explore how Darwin used selective breeding to develop his model of species change.

0 Investigate Mendelian genetics in the context of Darwin’s pigeon breeding experiments and solve
genetic problems.

0 Investigate the effect of interactions between genetic loci in the context of Darwin’s breeding
experiments and solve genetic problems involving epistasis.

0 Apply a statistical test to genetic data.

0 Investigate the contribution of human activity on selection pressures.

0 Investigate the role that geographical and reproductive isolation may play in the development of a
new species and critically evaluate authentic data supporting speciation.

0 Explain the effect inbreeding, immigration and genetic drift may have on gene allele frequencies.

Introduction to unit
Keywords

Darwin’s well-known observations of the Galapagos finches and gene, allele, genotype, phenotype,
his less well-known, but nonetheless crucial work, on domestic
pigeons will be used to explore and investigate fundamental ideas
in genetics and evolution.

homozygous, heterozygous,
dominant, recessive, sex-linked,

. . i epistasis, natural selection,
Darwin’s observations on his 5-year voyage on the HMS Beagle

began a train of thought about the possibility that species could
change - a radical idea at the time. Back in England he continued ~Stabilising selection, founder effect,
to develop his theory and generate, through research and genetic drift, evolution, speciation
experimentation, a huge amount of evidence to support his idea.

His work on artificial selection in pigeons provided some of this crucial evidence.

artificial selection,

Darwin’s ideas continue to inspire and inform today’s scientists, and research into the mechanisms
responsible for producing new species continues, generating new and intriguing insights into the processes
of evolution.

This unit will examine Darwin’s legacy for contemporary science and our current understanding of:
O inheritance mechanisms

O natural selection

o0 artificial selection

0 speciation

Darwin’s questions and big ideas
The interconnectedness of life.

Species change over time as a result of selective pressures.

Understanding the problematic nature of the distinction between a variety and a new species.
Selective breeding as a model for artificial selection.

Traits are passed on from parent to offspring.

0O O 0O 0O 0O O

The role of geographical isolation in speciation.



Darwin’s birds

Darwin’s great theory was very much influenced by what he observed during his 5-year voyage around the
world on the HMS Beagle, but as he landed back in England in 1836 his ideas were still developing. He had
had no ‘moment of revelation’ during his voyage, but he had seen things that had made him consider the
possibility that species are dynamic, not fixed and unchanging, as was thought by science at the time. He had
observed great variation both within and between species and had begun to notice how this variation was in
part determined by geographical locality.

On returning to England, Darwin began to consider these new ideas and this eventually led him to develop
a theory of evolution by natural selection. He saw variation as key, as it provided the raw material on which
selection could act. He also saw in domestic plants and animals a powerful model for selection through
selective breeding. He chose the fancy pigeon for the focus of his study and corresponded with pigeon
breeders from around the world. He also joined two English pigeon breeding clubs and bred his own pigeons,
all with the purpose of amassing evidence that the wild pigeon had been changed through selective breeding
over time to produce the huge variety of domestic pigeons. This would provide evidence for species change.
His observations and experiments drew out his own ideas about inheritance and although Darwin did not
know the genetic mechanisms involved, his understanding of the heritability of traits is clear.

Darwin’s ways of working

Raising problems through observation and reflection.
Using creative thought to generate ideas to explain observations.
Deep engagement with the natural world, observing and noting.

O O O O

Raising and solving problems through observation, questioning, argument and collaboration with
others.

Investigating using experimentation usually making all his own equipment from everyday materials.
Collecting written records of evidence and ideas in themed notebooks.
Reflection on evidence and ideas and building of theories.

O O 0O O

Collaboration with others through letters and face-to-face to make sense of data and find new ave-
nues for investigation.

0 Close observation of the natural world as it changes through time.

Scientific questions
This unit addresses the following questions:

0 How are traits passed on from one generation to the next? How does inheritance work?

0 How do basic inheritance mechanisms give rise to the complex interacting phenotypes we observe
in animals and plants?

0 What is the genetic basis of artificial selection?
0 What is the evidence for species change?
0 What are the mechanisms that lead to the formation of a new species?



Lesson 1: Artificial selection and genetics

Overview and lesson plan

This lesson will use the context of Darwin’s work on the domestic pigeon to explore basic mechanisms of
inheritance, examine and investigate the concept of artificial selection and its usefulness as an analogy
for natural selection.

Students will explore the concept of artificial selection and use their knowledge of the action of dominant
alleles to predict inherited phenotypes using a Punnett square.

Activity Timing Description and Pedagogical Approach
Lesson starter 10 mins Small group discussion: reasoning and argumentation

Darwin quote (Slide 2). Students discuss meaning of the quote
and why his ideas were new and potentially controversial

Activity 1 10 mins Peer to peer discussion: reasoning, causality, comparing

[Worksheet] Students compare natural and artificial selection (Slide 6)

Activity 2 10 mins Small group discussion: reasoning, assessing and evaluating
evidence

Darwin quote (Slide 9). Students analyse the quote using their
existing knowledge of inheritance mechanisms

Activity 3 5 mins Individual activity: reasoning, analytical thinking, problem solving
[Worksheet] Punnett square

Activity 4 5-10 mins Individual activity: reasoning, analytical thinking, problem solving
[Worksheet] Punnett square

Plenary 10-15 mins Small group task: discussion, reasoning, analytical thinking,
[Worksheet] problem solving, demonstrating/modelling

Using pigeon acetates to model dominant, recessive and
epistatic relationships

Lesson starter

o0 (Slide 2) Students are shown the Darwin quote at the start of the lesson.

o0 In small groups (3-5 students) students are asked to discuss their interpretation of the quote. What
did Darwin mean? What was he describing? Why might he be interested in selective breeding? Why
would his ideas be potentially controversial in Victorian England?

0 This activity reintroduces students to the concept of artificial selection and starts to explore the
analogous nature of natural selection.



Why was Darwin interested in pigeons?

Darwin made a long study of pigeons both through his own breeding experiments and by consulting pigeon
experts across the globe. The fancy or domestic pigeon was the focus of his research, and at that time the
origin of the domestic breeds was not understood. Darwin proposed that they existed purely because of
human intervention through selective breeding.

(Slide 3) He set out to show that all domestic varieties of pigeon were descended from the wild rock dove,
which through thousands of years of artificial selection had diversified into the various breeds.

(Slide 4) He chose fancy pigeons because of the huge diversity of their features. Almost every aspect of their
external appearance and some of their behaviours had been changed by human breeders, including their
feather colour and distribution, their beaks, eyes, feet, coo and flying behaviour.

“Believing that it is always best to study some special group, | have, after deliberation, taken up
domestic pigeons.”

Charles Darwin, On the Origin of Species, 1859

Artificial selection is the conscious selection of animals and plants with particular traits by a breeder. Only
those individuals with the desired traits are bred from or propagated and over time this selective breeding
can drastically alter the species. It was in artificial selection that Darwin saw parallels between this process
of selection by humans and natural selection in the wild.

(Slide 5) He began breeding his own birds and made a very detailed and closely observed study of all their
characteristics in an attempt to understand the process of modification that led from the wild pigeon to all
the domestic varieties.

Activity 1: Comparing natural and artificial selection

(Slide 6) Students complete the table comparing natural and artificial selection. This can be done
individually or in groups. Students then discuss their responses as a class. This can be used as an
opportunity to discuss what is meant by “fitness” and how good a model artificial selection is for natural
selection? Are there any problems with this comparison?

(Activity 1: Comparing natural and artificial selection - ANSWERS )

Natural selection

Artificial selection

Cause

Environment

Humans

Speed of change

Slow

Fast

Reason for selection occurring

The selected trait improves the
organism’s chances of surviving
and reproducing

The trait is desirable to human
breeders

Effect on fitness

Improves fitness (although only

for the circumstances in which it
is selected. If conditions change,
the selected trait may no longer
be advantageous)

Often causes decrease in fitness

(o}



Darwin and Genetics

Darwin’s breeding experiments provided him with ample opportunity to observe genetics in action, but the
mechanism of inheritance was at that time unknown, and the genetics of pigeon characteristics is complex
and outwardly confusing. However, Darwin did appreciate that species change or evolution requires the
variation of heritable characteristics. He also made written observations of genetic phenomena that we can,
as a result of Mendel’s insights, now understand.

(Slide 7) The wild pigeon is very much like the feral pigeons we see in our towns and cities. It is a blue-grey
colour with 2 black bars on its wings. Pigeon plumage colour and patterning, such as the black bar pattern
is controlled genetically. Darwin himself observed this, seeing that colour and pattern traits were passed on

from parent to offspring.

(Slide 8) Consider the wild blue-grey pigeon. The characteristic colour is controlled by a gene, which is given

the symbol s. There are 2 alleles of this gene.

4 ) 4 )
Black Blue
S s*
Dominant Recessive

- J - J
Possible S S (homozygote) S s* (heterozygote) s*s* (homozygote)
genotypes: ve Ve Ve
Possible
phenotypes: Black Black Blue-grey

Activity 2: Revising dominant and recessive inheritance

(o]

10

(Slide 9) Students are shown the Darwin quote describing an observation about the result of
outcrossing inbred varieties of pigeons.

Ask students to use their knowledge of genetics learnt at GCSE to explain Darwin’s observations and
describe how blue and black feather colour are inherited.

(Slide 10) The slide depicting a Punnett square showing feather colour can be used as a prompt.

One explanation for the reversion of the pigeons to blue-grey colour is that the out-crossing reveals
the recessive allele.



Activity 3: Punnett square revision activity referring to Mendel’s laws

(Activity 3: Pigeon Genetics - ANSWERS )

The following Punnett square shows the outcomes of a pigeon breeding cross for the s or spread gene.

Ss* Ss*

Black Black

s*s* s*s*
Blue-grey Blue-grey

What are the genotypes of the parents?
Parent 1: S s*
Parent 2: s*s*

What are the phenotypes of the parents?
Parent 1: black
Parent 2: blue-grey

NS J

Pigeon patterning

The colour pigments produced by pigeons belong to the melanin family of chemicals; pigeons have 2 types -
phaeomelanin which produces yellow/red colours and eumelanin which is responsible for grey/brown/black
colours. The blue-grey colour of the wild pigeon is caused by the black pigment eumelanin, but the way the
pigment is distributed in the feather makes it look blue-grey. Therefore the allele controlling blue-grey and
black colour actually controls pigment distribution rather than pigment production. A mutation in the s gene
causes the distribution of the melanin to be abnormal and the feather then looks black as a result. The gene
is called Spread as the dominant S allele causes spreading of the melanin pigment.

Other genes are also responsible for the way feather pigment is distributed. The wild pigeon has 2 black bars
on its wings. This is controlled by the ¢ gene which has several alleles controlling wing pattern.

(Slide 11)

C is the allele for chequered - a spotty or checked pattern on the wings, it is dominant to both barred and
barless

c' is the allele for barred - 2 black wing bars, this is the wild type, it is dominant to barless but recessive to
chequer

cis the allele for barless — no pattern on the wings, it is recessive to both chequer and barred

11



Activity 4: Punnett square activity

KActivity 4: Pigeon Genetics - Punnett square activity - ANSWERS
Complete the Punnett square for a cross between a bird with the genotype C c and a bird with the
genotype c¢* c.

Include the phenotype of the offspring.

Parental genotypes Cc cc

Parental phenotypes Chequered Barred

Parent 1 gametes

C c
. Cc* c'c
¢ Chequered Barred
Parent 2 gametes
Cc cc
¢ Chequered Barless

12



Epistasis

(Slide 12) The s or spread gene which controls black and blue-grey feather colouring and the c or
chequer gene that controls pattern are separate genes at different loci. However they interact through a
process called epistasis to affect a bird’s phenotype in a combined way. Epistasis is the action of one gene
masking the action of another. The dominant allele S of the spread gene creates solid black birds, so it is not
possible to see the effect of the pattern gene. Underneath the black colour the bird could be chequered,
barred or barless but it is not possible to tell which. It is like wearing a black jumper over a T-shirt with a logo,
the jumper covers up the logo so it’s not possible see what it says.

Epistasis alters the normal Mendelian ratios in a cross. If a pair of birds with the same genotype, both
being heterozygous at 2 loci, are crossed and if no epistasis is occurring, the offspring will present a ratio of
9:3:3:1 in their phenotype for those 2 genes. If the loci are interacting epistatically the ratio will be 12:3:1.

In the early 20th century a great deal of work was done to uncover the properties of genes in animals
and plants. This research built on the work of scientists like Darwin and Mendel using methodical breeding
experiments and recording of observations. Genetics was a new and cutting edge area of science. The
mechanisms of inheritance had been revealed by Mendel, Darwin’s work had shown how heritable traits can
undergo selection to change a species, but a lot of work was still to be done to understand how the genotype
and phenotype of an organism interact. Much of the early research was carried out in mice but pigeons were
again of interest to scientists and some of those early breeding experiments used pigeons in an attempt to
understand the genetic basis of their physical features such as feather colour and patterning.

Plenary

Prepare the acetate copies (which can be found at the back of the Student Worksheets Pack) of the
pigeon colour/pattern images and ask how they would use them to demonstrate dominant and recessive
relationships between alleles and epistatic relationships between genes. The acetates overlaid on each
other model the way the alleles and genes interact.

13



Lesson 2: Genetics

Overview and lesson plan

This lesson will use the context of Darwin’s work on pigeons and that of the early 20th century geneticists
to explore further concepts in genetics.

Students are asked to use their knowledge of the chi-squared statistical test to determine whether an
observed pattern of inheritance can be explained by recessive epistasis using the results of a real
breeding experiment. Students are also introduced to the genetics of pigment production in humans and
the concept of sex linked inheritance.

Activity Timing Description and Pedagogical Approach

Lesson starter 10 mins Paired activity: problem solving

[Worksheet] Quick quiz (Slide2) Students use the knowledge and understand-
ing of genetics from Lesson 1 to answer questions about genetic
crosses.

Activity 1 10-15 mins Individual activity: problem solving, reasoning, mathematical

[Worksheet] knowledge, evaluation

Chi-squared test problem: Dominant epistasis

Students apply their knowledge and understanding of genetic
concepts and statistical tests to real data from early genetic
research. Students also consider a potential problem with this

research.
Activity 2 10 mins Individual activity: reasoning, analytical thinking, problem solving
[Worksheet] Punnet square: recessive epistasis
Activity 3 5 mins Individual activity: reasoning, analytical thinking, problem solving
[Worksheet] Punnett square: sex linked inheritance
Plenary 10-15 mins Peer to peer discussion: reasoning, analytical thinking, problem
solving, demonstrating/modelling
Darwin quote (Slide 14)
Extension activity Group or individual activity: evaluating, summarising

Online research into the eugenics movement
WwWw.eugenicsarchive.org

Lesson starter

(Slide 2) Students complete a short quiz individually that tests their knowledge of the ideas and concepts
learnt in Lesson 1.

The quiz can be peer-assessed and followed by whole class feedback. Students should be asked to justify
their answer using their understanding of dominant, recessive relationships and epistasis. This provides
an opportunity to check their understanding of these concepts in particular their understanding of the
distinction between a gene and an allele. They can also be asked to suggest the possible genotypes of
parents and offspring.

14



(" Lesson starter: Quick quiz - ANSWERS )

A pigeon breeder has mixed up his birds and needs to work out which pigeons are the offspring of which
parents. Look at the pigeon parents and their potential offspring below.
Has the pigeon breeder got it right?

Parents Offspring?
Family 1

Yes.
This pigeon could be the offspring of these 2 birds, if the black pigeon and the chequer pigeon were
both carriers of the barred allele.

Family 2

No.

This pigeon could not be the offspring of these 2 birds. The chequer allele is dominant to the barred and
bar-less alleles and therefore at least one of the parents would need to be chequer themselves to have a
chequer offspring.

Family 3

No.

This pigeon could not be the offspring of these 2 birds. The black colour is produced by the Spread or s
gene which is responsible for 2 colours blue-grey and black. The allele that produces black is dominant
to blue-grey allele. Also the s gene is epistatic to the Chequer or c gene which controls pattern. The
presence of black in the parents would have masked the pattern and they would need to be black them-
selves to have had black offspring.

Images © Genetics Society of America. Genetics September 1, 1922 vol. 7 no. 5 466-507 STUDIES ON INHERITANCE IN PIGEONS. IV. CHECKS
AND BARS AND OTHER MODIFICATIONS OF BLACK by Sarah Van Hoosen Jones. www.genetics.org/content/7/5/466.full.pdf+html

N _J
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How did Darwin use pigeons in his work?

Darwin believed that all varieties of fancy pigeons were descended from the wild rock dove Columba livia.
He bred pigeons and made close observations of all their physical features in order to work out a family tree
of pigeons, showing how each of the varieties had developed over thousands of years of selective breeding.

(Slide 3) Pigeon breeding was a popular hobby in Victorian England and Darwin visited a pigeon breeding
society meeting on at least one occasion.

(Slide 4) Darwin had his own theory to explain how characteristics are inherited, which he termed
‘pangenesis’. His idea involved parts of the body such as the organs producing microscopic particles called
gemmules which travel through the blood to the reproductive organs and pass information about that organ
to the offspring. This of course is now known to be incorrect but Darwin himself acknowledged that his ideas
were tentative and may be refuted if new evidence was found.

“l am aware that my view is merely a provisional hypothesis or speculation; but until a better
one be advanced, it may be serviceable by bringing together a multitude of facts which are at
present left disconnected by any efficient cause.”

Charles Darwin, The Variation of Animals and Plants Under Domestication, 1868

The Petticoat Farmer

The early geneticists in the first half of the 20th century looked to Gregor Mendel’s ideas to understand the
mechanisms of inheritance. This developing knowledge of genetics also provided a mechanism for natural
selection and both Mendel and Darwin’s work provide the foundations for contemporary evolutionary
biology.

The early geneticists also continued to study Darwin’s work on selective breeding and pursued pigeon
breeding experiments of their own.

(Slide 5) One of these early scientists was Sarah Van Hoosen Jones. She was an unusual woman for her time,
being the first woman to be granted a PhD from the Dept of Genetics at the University of Wisconsin in 1921.
She was also a successful farmer and business woman and earned the nickname “the Petticoat Farmer”. Like
Darwin, she was very interested in selective breeding.

(Slide 6) She also studied the genetics of pigeon colouration and frequently referred to Darwin’s observations
in her work.

“Granting C. livia to be the progenitor of the domesticated races Darwin easily accounted for the
reappearance of checked and barred birds in supposedly pure stocks and in certain crosses, as
reversions to the ancestral type.”

Sarah Van Hoosen Jones, Inheritance of checks and bars in pigeons: In Genetics, 1922

Sarah Van Hoosen Jones contributed to our understanding of genetics and colouration - like Darwin she did
not know the genetic mechanisms involved, but based her ideas on the evidence she observed.

The data the students examine are taken from her paper Inheritance of checks and bars in pigeons
in the journal Genetics, and again looks at the Spread and Chequer genes. Her analysis depends on the
genes independently assorting, but scientists have since discovered that the two genes are on the same
chromosome and therefore show linked inheritance, although crossing over between the two genes does
occur.

16



Activity 1: Dominant epistasis

(" ANSWERS )

The table of data below is taken from a scientific paper in the journal Genetics from 1922. The scientist had
carried out systematic breeding experiments in an attempt to unpick the genetic basis of wing patterning
in pigeons. At this time scientists used the terms ‘dominant’ and ‘epistatic’ interchangeably, although
dominance is a property of alleles and epistasis a property of genes.

Complete the table below by adding the expected values for the last 3 crosses (rounding up to 2 decimal
places).

0 You are given the observed ratios of phenotype for the offspring.
0 The expected ratio of phenotypes if the 2 genes are interacting epistatically is 12:3:1 (black: chequer:
barred).

Male | Genotype | Female | Genotype | Observed Expected Notes
Black | Chequer | Barred | Black | Chequer | Barred
1033A | Ss+ Cc+ 1033B | Ss+ Cc+ 4 2 2 6 1.5 0.5 2 black offspring
not included
poor description.
1033D | Ss+ Cc+ 1033E | Ss+ Cc+ 7 2 1 7.5 1.88 0.63 | 3 black offspring
not included
poor description.
905B | Ss+ Cc+ 864A | Ss+ Cc+ 2 1 1 3 0.75 0.25 |4 black offspring
not included
poor description.
962A | Ss+ Cc+ 915B Ss+ Cc+ 2 1 0 2.25 0.56 0.19 1 black offspring
not included
poor description.
TOTAL| 15 6 4 18.75 4.69 1.56

You are going to use this data to investigate whether the above genes are epistatic.
State your null hypothesis.

There is no significant difference between the observed and expected values, therefore the genes are not
acting epistatically.

Figure © Genetics Society of America. Genetics September 1, 1922 vol. 7 no. 5 466-507 STUDIES ON INHERITANCE IN PIGEONS. IV. CHECKS
AND BARS AND OTHER MODIFICATIONS OF BLACK by Sarah Van Hoosen Jones. www.genetics.org/content/7/5/466.full.pdf+html
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-

Using the data in the table above, complete the chi-squared test using the equation below.

X’ = 2 (O-E)’
E
x> = (15-18.75)2/18.75 + (6-4.69)2/4.69 + (4-1.56)?/1.56
x> = 14.06/18.75 + 1.72/4.69 + 595/1.56
x? = 0.75 + 0.37 + 3.81
x> = 4.93

Using the probability table below and your calculated value of chi-squared, do you accept or reject the
null hypothesis?

At the 0.05 probability level, the calculated value for chi-squared is less than the critical value at 2
degrees of freedom (3 classes in the data). Therefore, we accept the null hypothesis.

Are the genes acting epistatically?

The results suggest that there is no significant difference between the data and therefore the genes are
not epistatic.

Describe one possible reason for the observed numbers of offspring differing from the expected in these

crosses.

Some of the black offspring were not included in the data which may have skewed the data (introduced
bias).

Number |Degrees Probability

of of

classes Freedom | 0-99 0.75 0.50 0.25 0.10 0.05 0.02 0.01
2 1 0.00 0.10 0.45 1.32 2.71 3.84 5.41 6.64
3 2 0.02 0.58 1.39 2.77 4.61 5.99 7.82 9.21
4 3 0.12 1.21 2.37 4.11 6.25 7.82 9.84 11.34
5 4 0.30 1.92 3.36 5.39 7.78 9.49 11.67 13.28
6 5 0.55 2.67 4.35 6.63 9.24 11.07 13.39 15.09
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Human genetics and recessive epistasis

The previous example of epistasis and the Spread gene in pigeons involved a dominant allele masking the
action of another, but recessive alleles can also behave in this way.

(Slide 7) An example in humans and other animals involving pigmentation is albinism.

Animals (including humans) with albinism do not make any melanin at all; either the red kind, phaeomelanin,
or the brown/black kind, eumelanin. As a result they have colourless, translucent skin and eyes and white
hair. Darwin was one of the first people to describe albinism in animals scientifically and he understood that
it was a heritable trait.

“... for albinism is well known to be strongly inherited, as with white mice and many other
quadrupeds, and even with white flowers.”

Charles Darwin, Variation of Animals and Plants Under Domestication, 1868

Albinism in humans is also associated with some health problems, the most significant being visual
impairment and sensitivity to the sun, coupled with a higher risk of developing skin cancer. The most severe
form of human albinism is called oculocutaneous albinism and it is caused by a mutation in the TYR gene.
This gene provides the instructions for making tyrosinase which is an enzyme. Tyrosinase is responsible for
catalysing the reaction that turns tyrosine into dopaquinone, the first step in the biochemical pathway that
produces melanin. Melanin is responsible for hair, eye and skin colour but it is also found in the retina, the
light sensitive area at the back of the eye, and it is important for normal vision.

We each have 2 copies of the TYR gene and one fully functional copy is enough to synthesise dopaquinone.
Both copies would have to stop working to cause albinism, the condition is a recessive one. A person will only
have albinism if both their parents are carriers.

(Slide 8) If rr caused albinism, there would be a 1 in 4 chance of these parents having a child with albinism.

(Slide 9) Another gene involved in melanin biosynthesis is MC1R and it codes for the protein Melanocortinl
Receptor. Research in rodents and birds has indicated that it is responsible for switching between red
phaeomelanin and brown/black eumelanin production. If the gene is active and producing the MC1R protein,
eumelanin is produced, but if there is no MC1R then only phaeomelanin is produced. Skin and hair colour
genetics in humans is complex, but it is thought to work in much the same way to other animals. Mutations
in the MC1R gene are therefore thought to be responsible for red hair which like albinism is inherited in a
recessive manner. You need two silent MC1R genes to have red hair.

(Slide 10) Because TYR is needed higher up the pathway than MCIR, it performs the first step in making
melanin, a lack of it will mask the action of MC1R. A person could be homozygous for the MC1R mutation
and would normally have red hair, but you wouldn’t be able to tell because the albinism masks the action of
all MC1R alleles. You need to have at least one copy of the normal TYR gene to see the phenotype produced
by MC1R.

This is recessive epistasis, because it is the action of a recessive allele that masks the action of another allele.
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Activity 2: Recessive epistasis

(" ANSWERS )

If you consider 2 parents who are both heterozygous for the normal and mutated copies of MC1R and TYR.
The alleles are as follows:

M = normal MCI1R allele — dark hair EUMELANIN

m = mutant MC1R allele — red hair PHAEOMELANIN

T =normal TYR allele — coloured hair MELANIN

t = mutant TYR allele — albino/white hair NO MELANIN

What is the genotype and phenotype of the parents?
MmTt, dark haired

The following Punnett square shows the possible genotypes of their offspring. Complete it to show the
phenotype below each genotype. Remember that M is dominant to m and that TYR is epistatic to MCR1.

Father
MT Mt mT mt
MT MMTT MMTt MmTT MmTt
Dark Dark Dark Dark
Mt MMtT MMt MmtT Mmtt
Dark Albino Dark Albino
Mother
mT mMTT mMTt mmTT mmTt
Dark Dark Red Red
mt mMtT mMtt mmtT mmtt
Dark Albino Red Albino
N J
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Sex linkage or X-linked inheritance

In humans, the female is the homogametic sex, with two X chromosomes, while the male is heterogametic,
with one X and one Y chromosome. Genes on the X or Y chromosome are called sex-linked.

As the Y chromosome is shorter than the X chromosome it has fewer genes. Therefore, there are hundreds
of genes located on the X chromosome that have no counterpart on the Y chromosome.

X-linked traits are maternally inherited from carrier mothers or from an affected father.

(Slide 11) A carrier female (heterozygote) has a 50% chance of passing the X-chromosome carrying the
mutant allele to each of her children.

Sons who inherit the mutant gene will manifest the trait, because there is no corresponding gene on the Y
chromosome, while daughters who receive the mutant gene will be unaffected carriers.

(Slide 12) Birds also have sex chromosomes, but the female is the heterogametic sex with chromosomes Z
and W. The male is the homogametic sex with two Z chromosomes; therefore the male is ZZ and the female
ZW. As with the human Y, the W chromosome is much smaller than the Z and carries much fewer genes. This
means that not all the genes on the Z have a matching one on the W. This is the exception to the rule that
all genes come in pairs; not all Z (or X) linked genes have a matching counterpart. This has implications for
inheritance.

In Lesson 1, it was explained that the s gene influenced colour in pigeons, resulting in black or blue-grey
feathers. In addition to this gene, pigeons also carry a colour gene on their Z chromosome. The gene has
3 alleles producing 3 different colours; ash-red (a grey-red colour), the wild type blue-grey and brown. The
alleles are as follows:

B* B* b

Ash-red Blue-grey (wild type) Brown
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Activity 3: Sex-linked inheritance

(" ANSWERS )

Ash-red is dominant to blue-grey which is dominant to brown. The possible genotypes and phenotypes are
shown below. Complete the phenotypes not shown.

Males Females (only one Z chromosome)
B B* = Ash-red B*/ - = Ash-red

B B* = Ash-red B*/- =Blue-grey

B*b =Ash-red b/- =Brown

B* B* = Blue-grey
B*b =Blue-grey
bb =Brown

Complete the Punnett square for a cross between a heterozygous blue-grey male with the genotype shown
and an ash-red female. Include the phenotype and sex of the offspring.

Parental genotypes B*b B/ -
Parental phenotypes Blue-grey Ash-red

Father’s gametes

BA b
BA BAB* B*b
Ash-red male Ash-red male
Mother’s gametes
) B*/ - b/-
Ash-red female Brown female

Explain why the cross between a brown female and a homozygous blue-grey male would never give rise
to brown female progeny?

Crossing B* B* and b/- would give offspring with genotypes B*b and B*/- only.

No female to female transmission of Z linked genes in birds. The female parent only passes on their W
chromosome which does not have the pigment gene. She will pass on her brown allele to her sons only.
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Summary
(Slide 13) Crosses involving heterozygotes:

0 One allele a monohybrid cross:
3:1 phenotypic ratio

o0 Two alleles a dihybrid cross:
9:3:3:1 phenotypic ratio

0 Dihybrid cross with recessive epistasis:
9:3:4 phenotypic ratio

0 Dihybrid cross with dominant epistasis:
12:3:1 phenotypic ratio

Plenary

(Slide 14) Revisit Darwin’s quote on reversion which is shown this time in full in the presentation. Ask
the students how they would now explain Darwin’s observations. How would they explain it to Darwin.
This activity is performed in pairs, one student is Darwin and the other attempts to explain what he is
seeing using either language known at the time or explaining any new language.

Extension activity

Ask students to research the 20th century eugenics movement using the Cold Spring Harbour Laboratory
website: www.eugenicsarchive.org which “provides materials that stimulate independent, critical thinking
about the parallels between eugenics and modern genetics research.”
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Lesson 3: Speciation

Overview and lesson plan

This lesson will use the context of Darwin’s experiences on the Galdpagos Islands to examine and
investigate the concept of speciation.

Students are asked to use information and data from a research paper to explore the mechanisms
contributing to speciation and analyse the results obtained.

Activity Timing Description and Pedagogical Approach

Lesson starter 10 mins Group activity: discussion, problem solving, questioning,
evaluating evidence

Students discuss how selection pressures and the effect of
human behaviour may affect bird song (Slide 2)

Activity 1 10 mins Small group discussion: reasoning and argumentation

Darwin quote (Slide 3) Students discuss meaning of the quote
and why his ideas were new and potentially controversial

Activity 2 10 mins Paired activity: reading, discussion, summarising
[Worksheet] Cartoon summary of a science news story

Activity 3 10-15 mins Paired activity: reasoning, analytical thinking, evaluating
[Worksheet] evidence

Reviewing the evidence from a scientific paper

Activity 4 5-10 mins Paired and group activity: discussion, reasoning, analytical
[Worksheet] thinking, evaluating evidence

Reviewing and evaluating the research using all the information

Plenary 10-15 mins Group activity: discussion, reasoning, analytical thinking,
evaluating evidence

Students consider the implications of the research they have
studied

Extension activity Individual activity: problem solving, analytical thinking

[Worksheet] Hardy-Weinberg equilibrium problem

Lesson starter

(Slide 2) The starter activity introduces the role of song in bird ecology and how behavioural isolation
could lead to sympatric speciation. Students listen to the song of city and country Great Tits (BBC news
link http://news.bbc.co.uk/1/hi/wales/mid/8079539.stm). Ask students, in small groups, to:

0 Consider how the songs are different.

0 Consider why the songs are different and why song is important to birds.
0 Summarise the ideas from the news clip.
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How did Darwin’s experiences on the Galapagos archipelago shape his ideas?

(Slide 3) Darwin, on visiting the Galapagos archipelago over 600 miles from the South American mainland,
was struck by the fact that each island had its own distinct collection of wildlife. The animals and plants of
each were similar but different to the life on other islands and to the mainland species.

Activity 1: Darwin’s great insight

(Slide 4) Ask the students to consider Darwin’s quote on species change.
0 What is he saying? Summarise the idea presented.

0 What are the significant words or phrases? (Students may wish to annotate/highlight a printed copy
of the slide).

0 Why would this quote have been considered controversial in Darwin’s time?

(Slide 5) A species of mockingbird drew his attention in particular. He had seen mockingbirds on the West
Coast of South America. On the first island of the Galapagos he visited he noticed a very similar bird, but with
some distinct differences to the mainland species. On another island he saw another mockingbird, again
very similar to the first two but with some noticeable differences. He noted his observations in his notebook
providing the first written evidence of his developing theory.

Darwin also collected the iconic finch species whilst visiting the Galapagos, but mis-identified some of them
and did not appreciate their significance until later. However, they have become a very potent symbol of his
idea and to this day are helping scientists investigate the processes of speciation.

(Slide 6) Darwin’s great insight, which began with the mockingbirds, was that species could change; they are
not fixed, but in fact in a constant process of revision as a result of environmental forces. His Beagle voyage
revealed to him the idea that an organism colonising a new habitat may develop along different lines from its
ancestral population. Nowhere is this more evident than in isolated habitats such as the Galapagos Islands.
Darwin saw that each island had its own unique collection of plants and animals.

(Slide 7)

“I never dreamed that islands, about fifty or sixty miles apart, and most of them in sight of each
other, formed of precisely the same rocks, placed under a similar climate, rising to a nearly
equal height, would have been differently tenanted.”

Charles Darwin, The Voyage of the Beagle, 1845

His explanation for this phenomenon was that the animals and plants had arrived on the islands from the
mainland. The new island habitats were different from the South American homes they had come from.
Those organisms that had features that helped them survive in the new habitat multiplied and passed on
their advantageous features. Over time the island species changed and eventually was different enough from
its ancestors on the mainland that it had become a new and quite separate species.

(Slide 8) This explained Darwin’s observations of the mockingbirds and explains the great variation amongst
Galapagos finches too. Each island is home to only certain finches, there is almost a different species of finch
on every island. The birds differed from each other in the beak shape and size in particular, which reflects the
fact that each has become adapted to eat a particular food type, depending on what is available on its island.

“Seeing this gradation and diversity of structure in one small, intimately related group of birds,
one might really fancy that from an original paucity of birds in this archipelago, one species had
been taken and modified for different ends.”

Charles Darwin, The Voyage of the Beagle, 1845
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Research on Galapagos today

The finches are probably the most well-known example of adaptive radiation, the process whereby one
species evolves into multiple, separate species to exploit new habitats and food sources. But they are also
the source of much ongoing research into the processes that create and shape new species.

(Slide 9) Two scientists Rosemary and Peter Grant have in fact devoted most of their working lives to
studying these birds. Rosemary and Peter Grant are Ecologists based at Princeton University in the USA
and have studied Darwin’s finches on the Galdpagos Islands for nearly 40 years. They are interested in
how new species are formed, the process of speciation. The unique Galapagos habitat and its variously
adapted residents provide an opportunity to understand how immigrant species exploit new habitats
through adaptation and selection. The Galdpagos are volcanic islands that rose out of the sea as a result
of a huge underwater volcanic eruption about five million years ago; a relatively short time in evolutionary
terms. At some point an ancestor of the finches arrived and its descendents became adapted in various
ways to exploit their new habitats. The Grants believe this process is still occurring today because of
ongoing immigration and changing selection pressures.

Activity 2: Finches in the news

In 2009, Rosemary and Peter Grant published a paper in the journal Proceedings of the National Academy
of Sciences that discussed evidence that speciation was occurring amongst a small population of ground
finches on the island of Daphne Major.

0 Ask the students to read the short news article about their research and, in pairs, summarise the
research using a cartoon strip to present the information and ideas.

Activity 3: Reviewing the evidence

0 Ask students to examine the data in the worksheets and answer the questions.

0 After the students have completed Part 1, Part 2 and Part 3 ask them to summarise the evidence
for:

0 Immigration of the population founder (the male from Santa Cruz).
0 Inbreeding of his descendents.
0 Beak size and song differences between this new population and the local population.
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(" Part 1: The finch’s family tree - ANSWERS )

The immigrant founder finch is numbered 5110. The Grants demonstrated it was an immigrant to Daphne
Major by looking at its DNA sequence. Its DNA was shown to be more similar to the ground finches of the
nearby island of Santa Cruz than to the ground finches of Daphne Major.

Figure taken, with permission, from: Grant, P. R. and Grant R. B. (2009) The secondary contact phase of allopatric speciation in Darwin’s
finches. Proceedings of the National Academy of Sciences, 106(46)
Examine the finch family tree and answer the following questions:

1. How many birds in the F1 generation had offspring?
3

2. Which F2 bird outbred with a finch from the local population?
18350

3. A drought occurred during the F4 generation killing all but 2 finches that went on to breed with each

other. Did any outbreeding with the resident ground finch population occur from that point?
No

4. How many inbred matings occurred from the F4 generation onwards?

9
NS J
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(" Part 2: Evidence of differences in beak morphology (size and shape) between the in- )
breeding group and the native Daphne Major ground finches - ANSWERS

Examine the graphs showing the beak size of the immigrant and native finches.

Figure 6. Morphological contrast between the immigrant lineage (n = 20) with other G. fortis (n = 280) on Daphne Major Island in the years
2005- 09. The position of the original immigrant (5110) is indicated by an asterisk.

Figure taken, with permission, from: Grant, P. R. and Grant R. B. (2009) The secondary contact phase of allopatric speciation in Darwin’s
finches. Proceedings of the National Academy of Sciences, 106(46)

1. Calculate the approximate mean beak width of both the immigrant and native finch.
(This can only be done approximately as the Y axis scale does not give enough detail but answers
should be close to:)

Native finch mean beak width = 8.6mm
Immigrant finch mean beak width = 11mm

2. Why might finches on the island of Santa Cruz have larger beaks than Daphne Major ground finches?

Differences in food available on the 2 islands. Santa Cruz food may require a larger beak.

- J
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Daphne Major ground finches - ANSWERS

Male ground finches only have one song which they learn from their father.

Female ground finches do not sing but do choose mates based on their song.

The Daphne Major finches have a song that is distinct from the Santa Cruz finches.

The immigrant finch sings a variant of the Daphne Major finches, an imperfect copying of it.

O O 0 ©°

The scientists analysed the song of the new finch population and the native one using a sonograph.

Figure 4. Songs of the original immigrant (5110), a son (15830) and a fifth generation descendant (19668), compared with three Daphne G.
fortis individuals that sang a standard form of type Ill. Immigrants differ from residents statistically in lower maximum frequency and higher
note repetition rate. A wideband setting and a Hamming window with DFT 256 were used.

Figure taken, with permission, from: Grant, P. R. and Grant R. B. (2009) The secondary contact phase of allopatric speciation in Darwin’s
finches. Proceedings of the National Academy of Sciences, 106(46)

Describe what you think the graphs show.

The difference (in frequency and number of notes) between the immigrant and native finches.

(" Part 3: Evidence of differences in song between the inbreeding group and the native )
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/Summarising the evidence - ANSWERS )

Summarise all the evidence from Part1, Part 2 and Part 3 of this activity that supports the behavioural and
physical isolation of this group of birds, including:

0 Immigration of the population founder (the male from Santa Cruz).

The genetic analysis of the immigrant finches indicates that they are more closely related to the Santa
Cruz than the local population of Daphne Major finches

0 Inbreeding of his descendents.

Genetic data indicates that the descendents had not bred with the local population.

0 Beak size and song differences between this new population and the local population.

The beak size of the immigrant finch and its descendents is significantly wider than the native finches.

Recordings of the birds’ songs showed a greater similarity in frequency and note number between the
immigrant finch and its descendents than the native finches. The immigrant finch and its descendents had
a song with a lower maximum frequency and more note repetitions than the native birds.

. J
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Activity 4: A summary of the paper

Ask students to read the summary below.

(A summary of the paper A
Grant, P. R. and Grant R. B. “The secondary contact phase of allopatric speciation in Darwin’s finches.”
Proceedings of the National Academy of Sciences, Vol. 106, No. 46, Nov. 16, 2009.

Read the following information:

Problem:
Are the Grants and their team witnessing the birth of a new species?

In brief:

Peter and Rosemary Grant are studying the ground finches of the small island of Daphne Major. A ground
finch from a neighbouring island with a larger beak and different song than the resident ground finches
of Daphne Major found a mate on this island. His offspring tended to mate with relatives because finches
choose a mate like themselves. This reproductive isolation is resulting in the emergence of a new species,
different from the other ground finches on the island in beak size and song.

A summary of the paper:

In 1981, scientists Peter and Rosemary Grant observed the arrival of an immigrant medium ground finch
to the small Galdpagos Island of Daphne Major. It was larger than the resident finches, especially in beak
width, and sang a different song. The Grant’s studied this bird and its descendants over a period of 28 years.
In the fourth generation, after a severe drought, there was only a single brother and sister left. They bred
with each other and the family became reproductively isolated as the descendants, who had inherited the
larger beak and unusual song, only bred with each other.

The Grant’s observations agree with a theory of speciation (the process whereby two species form from
one) that involves assortative mating. This is a non-random mating where individuals mate with other
individuals on the basis of phenotype. In this case, female ground finches prefer to mate with males who
have a similar beak size to themselves and have a particular song. The original immigrant male attempted
to copy the local song, but didn’t get it quite right, in the same way that a non-native speaker of a new
language may speak in a technically correct way but with a strong accent. This reproductive isolation
persisted and may now be resulting in the formation of a new species of finch.

Conclusions:

0 Geographical separation of finch populations resulted in variation in beak size between the
populations.

0 Asingle immigrant individual bred with a resident which created a physically, genetically and
behaviourally distinct subpopulation.

0 Assortative mating resulted in inbreeding and behavioural isolation of the subpopulation.

N\ J

Activity 4: A summary of the paper - review

Students review their cartoon explanation in the light of the evidence they evaluated in Activity 3 and
the research paper summary they have just read.

Students rewrite or expand on their description incorporating any new knowledge or understanding.
(Slide 10) Students apply the following key words to their cartoon.

Selection pressure Reproductive isolation Allopatric speciation
Stabilising selection Genetic drift Inbreeding
Geographical isolation Sympatric speciation Assortative mating
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Activity 5: Peer assessment

Students examine and evaluate each other’s annotated cartoons, using post-it notes to ask question

S

about points they don’t understand, disagree with, etc. The group review the post-it note questions and
discuss the implications of the research. Are we witnessing the birth of a new species? Does the evidence

support this hypothesis?

Plenary

Ask students to discuss in small groups what may happen to this new group of ground finches that could

prevent a new species developing.

(" Plenary - ANSWERS

0 The immigrant finches could breed with the natives and their gene pool recombine.

0 Inbreeding and/or genetic drift could lead to a high frequency of deleterious alleles in the population
Small, inbred populations tend to be less fit.

0 An environmental disaster such as the drought could wipe out the population. Small populations are
more vulnerable to extinction.

o

The native finches may be better adapted for life on Daphne Major and out-compete the immigrants.

~

J
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Extension activity: Evidence for immigration and inbreeding

(" ANSWERS )
Genetic analysis revealed that all 25 genotyped members of the immigrant finch family from the F4
generation onwards were homozygous for an unusual allele at the locus Gf.11. The 249 native finches were

also genotyped but only 1 was homozygous for this allele.

The unusual allele is given the symbol a and the allele that is more common in native Daphne Major finches
is given the symbol A.

1. Use the Hardy-Weinberg equation to calculate the number of carriers or heterozygotes for alleles at this
locus that you would expect in the native finch population.

p represents frequency of A

g represents frequency of a

p? represents the frequency of the genotype AA

q? represents the frequency of the genotype aa

2pq represents the frequency of the genotype Aa

g’°=1in 249 =0.004

q=0.06

p=1-0.06=0.94

2pq=2x0.94x0.06=0.11

This means 11 birds in 100 are heterozygotes. Therefore, in a population of 249 there should be
249 x 11/100 = 27.39 or 27 heterozygotes.

2. Explain why this population may not be in equilibrium using the Hardy-Weinberg criteria.

O The population is small.

o

Mating may not be random as these birds choose mates based on beak size and song.

(@)

Small populations are vulnerable to genetic drift. The drought experienced by the birds reduced the
population and thus reduced the gene pool. This may have changed the allele frequency at this locus.
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Exam style question

(1 The black colour pigment is made from the amino acid tyrosine. A simplified metabolic pathway )
that describes how the pigment is thought to be made in birds is shown below.

TYROSINE C DOPAQUINONE
(colourless) > (colourless)
c M m
TYROSINE PHAEOMELANIN EUMELANIN
(white phenotype) (red phenotype) (blue/black phenotype)

1 (a) (i) Use the information in the figure to work out the phenotypes (the colour) of the pigeons with the
following genotypes.

[4 marks]
1.CcMm Red
2.ccmm White
3. ccMM White
4, Ccmm Blue/Black
1 (a) (i) What type of gene interaction is happening?
[1 mark]

Epistasis

1(b) A mutation in another gene in pigeons gives rise to ash-red (a grey red) and brown colours. The B*
allele gives rise to ash-red colour and is dominant to brown which is controlled by allele b.

A breeder crossed a brown male with an ash-red female expecting to get an F1 generation of ash-red
pigeons. The offspring he got are shown in the table below. Note: In birds the female is the
heterogametic sex.

Phenotype Number
Ash red male 32
Ash red female 0
Brown male 0
Brown female 40
NS J
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1 (b) (ii)

In birds the females are the heterogametic sex, possessing 2 different sex chromosomes Z and

W.

Draw a diagram to show how the results shown in the table could have been produced.

[3 marks]
Parental genotypes Female B*/ - Male bb
Gametes BAor - b
b b
BA BAb B*b
} b/- b/-
F1 genotypes Female b /- Male B*b
J

1 (b) (i) How might you explain the results observed by the breeder?

The ash-red and brown colours are controlled by alleles of a gene on the bird’s sex chromosome. The male
parent was homozygous for b and the female carried just one allele, B*. The female offspring inherited the
b allele from their father and were therefore brown. The male offspring inherited the b allele from their
father and the B” from their mother and were therefore ash-red as it is dominant to brown.

~

[2 marks]
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4 )
1 (b) (iii) The chi-squared test can be used to analyse the results in the table. The expected ratio of
ash-red females to brown males is 1:1.

Complete the table below and use the data to calculate a value for chi-squared.

[2 marks]
_F\2
Phenotype (o] E O-E (O-E)? %
Ash-red male 32 36 -4 16 16/36=0.44
Brown female 40 36 4 16 16/36=0.44
Answer = 0.88
1 (c) Use your calculated value of chi-squared and the table of probabilities at the bottom of this page
to test the significance of the difference between the observed and expected results.
1 (c) (i) What is your null hypothesis?
[1 mark]

The null hypothesis is that there is no significant difference between the observed and expected values.

1 (c) (ii)) Do you accept or reject your null hypothesis?
[1 mark]

At the 0.05 probability level, the calculated value for chi-squared is lower than the critical value at 1
degree of freedom (2 classes in the data). Therefore, we accept the null hypothesis.

Number of | Degrees of Probability
classes freedom 0.99 0.75 0.50 0.25 0.10 0.05
2 1 0.00 0.10 0.45 1.32 2.71 3.84
3 2 0.02 0.58 1.39 2.77 4.61 5.99
NS J
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