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Introduction

BIO403: Population Genetics is a 400- level, 2 credit-unit course in
Biology. It is a second semester undergraduate course offered to
students admitted in the School of Science and Technology, and School
of Education who are offering Biology or related programmes.

This course guide tells you briefly what the course is all about, what
course materials you will be using and how you can work your way
through these materials. It gives you some guidance on your Tutor-
Marked Assignments.

There is/are Self-Assessment Exercise(s) within the body of a unit. The
exercise(s) is/are an overview of the unit to help you assess yourself at
the end of every unit.

What You Will Learn in This Course

This course contains 14 units, which cover the genetic structure of a
population. The genetic structure of a population is assessed in terms
of genotypic and allelic frequencies. You will learn that two
populations may be different because they have different genetic
structures. In an ideal population, in which no forces of change are
acting, a randomly interbreeding population would show constant
genotypic and allelic frequencies for a given locus. However, the
frequency of a given allele in a population can be changed by recurrent
mutation, selection, or migration or by random sampling effect.

You will also learn that population genetics is the experimental and
theoretical study of the pattern of inherited variation in populations
and its modulation in time and space.
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Course Aims

This course aims to enable you understand the genetic composition of
a population and the forces that change that composition.

Course Objectives

There are some specific objectives set out in other to achieve the
overall aim of this course. Every unit has specific objectives in addition.
The unit objectives are stated in behavioural/achievable terms at the
beginning of each unit. They are meant for you to read before you start
working through the unit. You can also refer to them as you work
through the course unit to check how far you are progressing. At the
end of the unit, endeavour to refer to the objectives again to ensure
you have achieved them. In this way, you would be sure that you have
done what you are required to do. The comprehensive objectives are
given below.

On successful completion of this course, you should be able to:

. appreciate that there is extensive genetic variation in most
natural populations

. discuss how Hardy-Weinberg principle shows the relationship
between allelic and genotypic frequencies

. state how inbreeding increases the frequency of homozygotes

. explain that mutation is the original source of genetic variation

. enumerate that genetic drift may result in loss of genetic
variation

. explain that gene flow can introduce new alleles into a

population.
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Working through This Course

In this course, you are advised to devote your time in reading through
the material. You are required to do all that has been stipulated in the
course: study the course units, read the recommended reference
textbooks and do all the unit(s) self-assessment exercise(s) and at some
points, you are required to submit your assignment (TMAs) for
assessment purpose. You should therefore avail yourself the
opportunity of being present during the tutorial sessions so that you
would be able to compare knowledge with that of your mates.

Course Materials

You are to be provided with the two major course materials. These
are:

1. Course Guide
2. Study Units

The course comes with a list of recommended textbooks. These
textbooks are supplement to the course materials so that you can avail
yourself of reading further. Therefore, it is advisable you acquire some
of these textbooks and read them to broaden your scope of
understanding.
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Study Units

This course is divided into 3 modules with a total of 14 units as follows:

Module 1

Unit 1 Basic Concepts

Unit 2 Determination of Genotypic Frequency from Counts

Unit 3 Determination of Allelic Frequency from Counts

Unit4 Determination of Allelic Frequency Given Various
Conditions

Unit 5 Sex-Linked Traits

Module 2

Unit 1 Hardy-Weinberg Populations

Unit 2 Application of Hardy-Weinberg Equations to Real
Populations

Unit 3 Application of Hardy-Weinberg Principle to One Locus
Multiple Allelic System

Unit 4 Sex-Linked Traits

Module 3
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Unit 1 Testing Populations for Hardy-Weinberg Equilibrium

Unit 2 Evolutionary Changes in Genetic Structure of Populations
Unit 3 Genetic Drift

Unit 4 Effect of Migration or Gene Flow on Evolutionary Changes
Unit 5 Effect of Selective Forces on Evolutionary Changes
Assessment

There are two components of the assessment for this course:

1. The Self-Assessment Exercise
2. The Tutor-Marked Assignment (TMAS)

Self-Assessment Exercise (SAQ)

The exercise(s) within each unit is/are meant to test vyour
understanding of the concepts in the unit. It is non-grading and as such
does not add up to your grade in the course.

Tutor-Marked Assignment (TMA)

The TMA is the continuous assessment component of your course. It
accounts for 30% of the total score you will obtain in this course.
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Final Examination and Grading

In this course, the final examination will be of two hours duration and
have a value of 70% of the total course grade. Questions for the
examination will reflect the types of exercises, examples and tutor-
marked assignments. All areas of the course will be assessed.

Use the time between finishing the last unit and sitting for the
examination to revise the entire course. You might find it useful to
review your tutor-marked assignments and comment on them before
the examination.

Summary

Population genetics is the study of genetics at the population level.
Also, it should be appreciated that extensive genetic variation occurs in
most populations. By counting the numbers of different genotypes in a
population, we can calculate genotypic and allelic frequencies. We can
also assess changes in population by measuring the effects of mutation,
migration, genetic drift and the breeding systems.

Vi
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Determination of Allelic Frequency Given \aus
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1 BASIC CONCEPTS

CONTENTS
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2.0
3.0
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5.0
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7.0

1.0

Introduction

Objectives

Main Content

3.1 Differences between Transmission and Population
Genetics

3.2 Historical Development of Population Genetics

3.3 Frequently Asked Questions (FAQ) in Population
Genetics

3.4  Answers to the FAQs

3.5 The Gene Pool: A Central Concept in PopulaBemetics

3.6 Types of Genetic Variation in Populations

Conclusion

Summary

Tutor-Marked Assignment

References/Further Reading

INTRODUCTION

In BIO 201: Genetics 1 you learnt that individuals may differ
genetically. This implies that differences may exsindividual level.
At the population level too, differences may alsdase One may
therefore say that population A is genetically eli#éint from population
B with respect to certain attributes. Such attelsunclude frequency of
genotypes (genotypic frequency) and frequency déled (allelic
frequency) in the populations being compared.
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

. discuss population genetics
. highlight the differences in scope between Poputatbenetics
and Basic Genetics taken at 200 Level.

3.0 MAIN CONTENT

3.1 Differences between Transmission and Populatio
Genetics

Bio-Genetics deals with transmission genetics assital genetics. You
could have observed that it is primarily concerneith genetic
processes that occur between individuals, and hemeg are passed
from one individual to another. Thus, the unit fimansmission genetics
is the individual. Population genetics on the oti@nd, studies heredity
in groups of individuals for traits that are detered by one or only a
few genes. Therefore, in population genetics the ohstudy is the
population. A population can be defined as a groumdividuals that
exist in time and space and can interbreed. Sympalation is referred
to as Mendelian population.

3.2 Historical Development of Population Genetics

The basic laws of heredity are the law of segregatind the law of
independent assortment as formulated by Mendelsrexperiment on
garden peas. However, it was later realised tleaethre questions about
the population that cannot be addressed by merdicappn of
Mendelian laws of heredity especially at the popatalevel. It was also
realised that mathematical models are requiredesribe structure of
populations and to answer many questions that ¢amm@nswered in
transmission genetics. Population genetics thezefoplved as a branch
of genetics that describes in mathematical terims,consequences of
Mendelian inheritance on the population level. Efere, a student of
population genetics requires basic skill in Mathgosa Almost all the
mathematical foundations of genetic changes in jadpas were
developed in a short period of time during the ¥920d 1930s by three
men: R. A. Fisher, J. B. S. Haldane and S. Wrightme measure of
disagreement emerged among these men, but thegrekksan which
evolutionary processes were more important, noh@n the processes
worked. Since the 1960s, excitement has ariserthen field of
population genetics, primarily on three fronts. rski the high-speed
computer has made it possible to do a large amoluatithmetic in a
very short period of time; thus, complex simulasaf real populations

2
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can be added to the repertoire of the experimegaéticist. Secondly,
electrophoresis has provided a means of gathenedarge amount of
empirical data necessary to check some of the g#sum used in
mathematical models. The information and integireh of the
electrophoretic data have generated some contryowadrsut the role of
“neutral” evolutionary changes in natural populao Last, newer
techniqgues of molecular genetics are being usedanalyse the
relationships among species and the rate of ewolaty processes. We
shall consider these issues later in the course.

3.3 Frequently Asked Questions (FAQs) in Populatio
Genetics

Questions frequently asked and studied by populajeneticists include
the following:

1. How much genetic variation is found in naturapplations, and
what processes control the amount of variation viest?

2. What evolutionary processes shape the genetictstes of
populations?

3. What processes are responsible for producingtgedivergence
among populations?

4. How do biological characteristics of a populatiosuch as

breeding system, fecundity, and age structureyemite the gene
pool of the population?

3.4 Answers to the Frequently Asked Questions

To answer these questions, population geneticretguéntly develop
mathematical models and equations to describe Whppens to the
gene pool of a population under various condition&s a result of
regularity of the meiotic process in gamete fororatand the ensuing
mechanisms of gamete fusion during sexual repramuca great deal of
predictability concerning the genetic structureaopopulation can be
modelled. An example is the set of equations ttkescribes the
influence of random mating on the allele and gepiotyrequencies of
an infinitely large population, a model called thardy-Weinberg law,
which we will discuss later in this course. Atsfirstudents often have
difficulty grasping the significance of models suhthese, because the
models are frequently simple and require numersaaraptions that are
unlikely to be met by organisms in the real worl@eginning with
simple models is useful, however, because with sucdels we can
examine what happens to the genetic structurepaipallation when we
deliberately violate one assumption after anotherd ahen in
combination. Once we understand the results okittple models, we
can incorporate more realistic conditions into ¢g@iations. In the case

3
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of the Hardy-Weinberg law, the assumptions of itdiy large size and
random mating may seems unrealistic, but thesengssns are

necessary at first for simplifying the mathematiaaalysis. We cannot
begin to understand the impact of nonrandom matngd limited

population size on allelic frequencies until westfiknow what happens
under the simpler conditions of random mating amad population
size.

3.5 The Gene Pool: A Central Concept in Population
Genetics

To study the genetic structure of a Mendelian patoh, population
geneticists must first describe the gene pool o thopulation

guantitatively because members of a Mendelian @il share from a
common gene pool. A gene pool can defined as tleéeslamong the
reproductive members of a population from which gees can be
drawn. We will find Mendelian genetic principlessential in order to
understand the genetic composition of populatiof®r example, the
principle of segregation (that two alleles in aenetygous individual
are equally represented in the gametes producethdtyindividual),

when this is applied to all individuals in a popgida, it allows us to
understand the overall genetic variation in thatydation. Let us first
describe some examples of genetic variation beftiseussing the
principles of population genetics that explain Hasis of this variation
and how it may change.

3.6 Types of Genetic Variation in Populations

Genetic variants can directly affect the morpholagycolour of an
organism in a natural or wild population. A classkample of genetic
variation that has fascinated evolutionary bioltgisn England and
France for decades is the colour and banding pattér Cepaea
nemoralis,a European land snail common in gardens and uwateti

fields. The morphological variation is determiniey the alleles at a
group of closely linked genes, so that their naalsy strikingly in colour
and pattern from yellow, unbanded types to yelllbanded types to
brown, unbanded ones. The frequencies of theealltlat determine
yellow colour and bandedness vary on a large Stafe one part of
Europe to another and on a small scale from oret tiieanother.

In one detailed study, the frequency of yellow, amteed types over a
200 meter stretch on an earthen dam in the Netiaslaaried from 60%
at one end to 40% at the other. Furthermore, thepalations remained
at the same frequencies over a 12-year period, estigg that
evolutionary forces were maintaining the difference~or example, it
appears from other studies that the different fomuosfer protective

4
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camouflage (or crypsis) from the predation of hidispending upon the
habitat in which they are found. When the snaiks r@sting on grass
blades, the bands are vertical, so the bandedsshighd in with the
grass. But when the snails are in the ground littee unbanded brown
snails are the most difficult to detect.

In a number of species, variation in chromosomactire has been
observed among different individuals. Recently, ndé®chniques
developed to examine morphological details of clusomes have
uncovered many new chromosomal variants, and ilikisly that
numerous other small variations in chromosome 8ira¢c such as
deletions, replications, and inversions, are wiilbe discovered. One of
the most thoroughly studied examples of chromosowvaailation was
initiated by Theodosius Dobzhansky, a Russian gasetvho moved to
the United States in the 1920s. He and his stsdanalysed the
inversion variants on the third chromosome of thet fily Drosophila
pseudoobscuraa widespread species in the mountains of wedterth
America.

In the 1930s, Dobzhansky began a long-term studyadhtion in this

inversion. Some of these data show the frequerafidsur inversion

types over thirty years of sampling at a site imiNMexico. Initially, the

inversion type AR (Arrowhead) was most common,ibut965 type PP
(Pikes Peak) increased in frequency, only to dedlinlater years. Two
other inversion types, CH (Chiricahua) and ST (8&ad), were always
present, but at low frequencies in the samples tlaspopulation.

These inversions, although inherited as singlesuikié alleles (see unit
4), generally contain hundreds of genes. Becaifaraht inversions
may have different alleles at these loci, they salpstantially affect the
survival of individual flies. In fact, some of tlehanges observed over
time may have been caused by differential survofatarious inversion
to DDT, an insecticide that was first applied met1940s.

Most alleles that cause genetic disease in humaasran very low
frequencies. However, some disease alleles haveshigequencies in
certain human populations than in others. For genhe frequency of
the sickle-cell allele at th@-globin locus is quite high in many African
populations and in populations with African ancgssuch as African-
Americans. The sickle-cell allele also occurs ams Mediterranean
and Asian populations.

The presence of the sickle-cell allele can be ¢sioed by biochemical
examination of th@-globin molecule. Variant forms of a protein ca b
detected bygel electrophoresisa technique that allows the separation
of different proteins extracted from blood, tissueswhole organisms.

5
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The process is carried out by imposing an elecietd across a

gelatinous supporting medium (such as a polyacrgaror starch gel)

into which the protein has been placed. The pmetaire allowed to

migrate for a specific amount of time and are th&ined with various

protein-specific chemicals, resulting in bands loa gel that permit the
relative mobility of a specific protein to be detened. The relative

mobility is generally a function of the charge,esiand shape of the
molecule. Two proteins that are the products ofed#nt alleles can

have different mobilities because the differencesaquence result in a
change in charge size, or shape of the molecule.

The threeB-globin genotypes (homozygotes for the normal aokles
cell allele plus a heterozygote) have differentdiag patterns when
they are run on an electrophoretic gel. The nomAl genotype has
only band that migrates relatively fast, as in tmst column, while
individuals with sickle-cell disease, genotypg), , also have only one
band, but it migrates more slowly. The heterozygmdividuals,AA,,
who have the sickle-cell trait (they are carrignaye two bands, each
band representing the protein synthesised fromréispective allele.
Sometimes these genotypes atfiiglobin locus are represented as AA,
AS, and SS, instead #§A;, AlAs AAo.

The reason for the high frequency of this disealieleais that
heterozygotes (those who carry this allele andntivenal allele) have a
relatively high resistance to malaria. The rekatimmunity of sickle-
cell carriers to malaria is thought to occur beeah® red blood cells of
heterozygotes are sickle-shaped, a state thatitghififection by the
malaria parasite. When we compare the frequencth@fsickle-cell
allele and the past incidence of malaria on a gggigc scale (before the
extensive eradication of the mosquito that cariesmalaria parasite),
we find an extremely high concordance.

4.0 CONCLUSION

Population genetics evolved as a branch of basietges you offered at
your 200 Level (BIO 201: Genetics 1).In population genetics,
consequences of Mendelian inheritance are descabée population
level.
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5.0 SUMMARY

Population genetics is different from transmissgametics. The course
BIO 201-Genetics | offered in your 200 level is ibagenetics that

focuses on transmission genetics. In populationetes) genetic

structure of populations is studies with referetacdifferent traits found

in the population.

6.0 TUTOR-MARKED ASSIGNMENT

1. Outline the differences between population and strassion
genetics.

2. What is meant by saying two human populations do share
from the same gene pool?

7.0 REFERENCES/FURTHER READING
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UNIT 2 DETERMINATION OF GENOTYPIC
FREQUENCY FROM COUNTS

CONTENTS

1.0 Introduction
2.0  Objective
3.0 Main Content
3.1  Genetic Structure of Populations
3.2 Determining the three different Genotypes
3.2.1 Complete Dominance
3.2.2 Incomplete Dominance
3.2.3 Co-Dominance
3.3  Calculation of Genotypic Frequency
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
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1.0 INTRODUCTION

Recall that an allele is one of two or more altéweaforms of a gene.
Many traits in living organisms are controlled bypair of alleles. We

shall first shift our attention to a situation wéby a trait is controlled
by only two alleles i.e. a pair of alleles. Themefgenotypic” is an

adjective derived from the term genotype. Genotype be defined as
the genetic (or allelic) constitution of an orgamisThus, the phrase
genotypic frequency refers to the frequency of difeerent genotypes
present at a particular locus in an individual.

2.0 OBJECTIVE

At the end of this unit, you should be able to:

. determine genotypic frequencies from actual counts.

3.0 MAIN CONTENT

3.1 Genetic Structure of Populations

To study the genetic structure of a population, onest first describe
the gene pool of the population quantitatively. sSThg done by
determining, first, the genotypic frequency and nthehe allelic
frequency in the population. In this unit, our atten will be focused on

calculation of genotypic frequency. Determinatidnatielic frequency
will be considered in the subsequent unit.

8
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3.2 Determining the Three Different Genotypes

To be able to determine the frequency or proportdnthe three
genotypes in a two allelic system, the genotypesstmbe

distinguishable. This is why determination of gempat frequency from
actual counts is usually done with a two allelisteyn whereby all the
genotypes are distinguishable. Note that ability distinguish the
different genotypes depend on the dominance relstiip between the
alleles. There are three main different types ahi@nce relationship:
complete dominance, incomplete dominance, and oafgnce. It is
only when the dominance relationship is incomphideninance or co-
dominance that it is possible to distinguish th&fedent genotypes
possible at that particular locus.

3.2.1 Complete Dominance (Not Suitable for Determation of
Genotypic Frequency by Actual Counts)

In complete dominance, it is not possible to défdgrate between the
homozygous dominant and the heterozygous classubecboth have
the same phenotypes. In most situations, the noomalide wild-type,
allele is completely dominant over mutant allel@he basis of this will
be more clear when we later examine the biochemicalucts of genes
and find that one functioning copy of a gene isegally enough to
produce sufficient gene product for a wild-type mpbeype. For
example, the albino allele in humans does not predunctioning gene
product, and when an individual is homozygous fuis tallele, the
biochemical pathway for the pigment melanin is kbt However, one
copy of the wild-type allele, as is present in hetggous, allows
sufficient production of the pigment melanin so tthaormal
pigmentation results.

In some instances, the mutant allele is dominaat twe wild-type; that
is, the wild type is recessive. There are 4,458iem representing
dominant loci in McKusick’'s 1994 catalog of humaaits, many of
them are rare diseases. For example, the most oamype of
dwarfism, achondroplasia, is dominant, so thatroeigous exhibits the
mutant phenotype. In subsequent unit of this ecgunse will discuss
some aspects of Huntington’s disease, a fatal fegioal disorder that
is also dominant.

3.2.2 Incomplete Dominance (Suitable for Determinan of
Genotypic Frequency by Actual Counts)

In incomplete dominance, it is possible to distisgubetween the
homozygous dominant and the heterozygous class.refine,
determination of genotypic frequency from populati@ounts is

9
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possible. When Carl Correns, one of Mendel’s dissipexperimentally
crossed red-flowered four-o’clocks with white-floved ones, the F
plants were unlike either parent, being an intenatedpink instead.
When he allowed pink Fplants to self-fertilise, the ,Fratio of
phenotypes was 1 red: 2 pink: 1 white, or %, %, Although at first
glance, these results appear to deviate from Mé&ndehat Correns
actually observed in the,fwvas a 1:2:1 phenotypic ratio corresponding
to the 1:2:1 genotypic ratio expected based on Mkem principles.
Because neither parental phenotype was fully espcesn the | the
trait is said to exhibitncomplete dominance;that is, all genotypes
have different phenotypes, with the heterozygotgbenotype
intermediate between the two homozygotes.

However, the type of dominance for a given gen&fciant is not
always easy to designate. For example, in whataappe be complete
dominance, the observable phenotype of the hetgoteys the same as
that of the dominant homozygote, but may show irgete dominance
on a biochemical level. For example, RR homozygotad Rr
heterozygotes at the gene affecting seed shapardeig peas, both have
the same round seed phenotype. However, thesetypesodiffer
biochemically: the heterozygote has starch grdwas are intermediate
between the two homozygotes in type and amount. tHi® reason, we
must be specific about the level of the trait — Brample, gross
phenotypic or biochemical — we are describing.

3.2.3 Co-dominance (Suitable for Determination of @notypic
Frequency by Actual Counts)

As in incomplete dominance, it is possible to dgtish between the
homozygous dominant and the heterozygous classoidominance
allelic relationship. Therefore, determination cEngtypic frequency
from population counts is possible. In some caffestraits associated
with both alleles are observable in the heterozygofuch alleles are
said to exhibit co-dominance. For example, indmald heterozygous
for red blood cell antigens, genetically determirgemicals on the
membranes of red blood cells, often exhibit prapsrof both alleles. A
well-known case is type AB in the ABO blood growystem, which has
the antigens from two different alleles. Anothéoda group system,
called MN, has two alleles, generally denoted ¥sahd L, and three
genotypes, LM, LMLN and IMLM. (Sometimes these genotypes are
called MM, MN, and NN, respectively). The expecigwportions of
genotypes in the offspring are also shown, andiit loe seen that they
follow the Mendelian segregation pattern.

Although the example of flower colour in four-o’'cks illustrates
incomplete dominance on a gross phenotypic sclage @xamination of

10
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the pink flowers of heterozygote show that both péktids and white
plastids are present. (Plastids are a type of agjanelle). In other
words, for this trait we find incomplete dominanoa the gross
phenotypic level and co-dominance on a sub-cellelal.

3.3 Calculation of Genotypic Frequency

A frequency is a percentage or a proportion, anys ranges between
0 and 1. If 43% of the people in a group havehaid, the frequency of
red hair in the group is 0.43. To calculate theaggpic frequencies at a
specific locus, we count the number of individuaish one particular
genotype and divide this number by the total nundfendividuals in
the population. We do this for each of the genesyat the locus. The
sum of the genotypic frequencies should be 1. @ens locus that
determines the pattern of spots in the scarletr tigeth, Panaxia
dominula. Three genotypes are present in most populatiorts,each
genotype produces a different phenotype i.e. theetlgenotypes are
distinguishable. E.B. Ford collected moths at tweality in England
and found the following numbers of genotypes: 432, B3 Bb, and
2bb, out of a total of 497 moths. The genotypextrencies (where f=
frequency of) are therefore:

f(BB) = 452/497 = 0.909
f(Bb) = 43/497 =0.087
f(bb) = 2/497 =0.004

Total = 1.000

4.0 CONCLUSION
Population genetics relates the process of indalidoeredity and

development to the genetic composition of poputetiand to changes
in that composition in time.

5.0 SUMMARY
Populations of living organism have different génstructures because

different populations do not share from the sameegeool. This issue
is central to population genetics.

6.0 TUTOR-MARKED ASSIGNMENT

1. Traits controlled by alleles with complete dominamelationship
are not suitable for population genetic analy$ihy?
2. The number of individuals living in a village is @0 A study

showed that the numbers of individuals in the gidlawith
different M-N blood group phenotypes are as follow:

11
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Phenotype No. of individuals
M 60

MN 100

N 40

3. Calculate (a) the genotypic frequency and (b) thkelia
frequency.

7.0 REFERENCES/FURTHER READING

Klug, W. S.; Cummings, M.R.; Spencer, C.A. & Paitaxj M.A.
(2009). Concepts of Genetics Pearson Int. Ed. (9th ed.).
Pearson Benjamin Cummings.

Peter, J. Russel (nd)Genetics.New York: Harper Collins College
Publishers.

Russel, P. J. (1996).Genetics(7th ed.). New York: Harper Collins
College Publishers.

Weaver, R. F. & Hedrick, P. H. (1997)Genetics(3rd ed.). WCB
Publishers.
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1.0 INTRODUCTION

Although genotypic frequencies at a single locug aseful for
examining the genetic structure of a populationmast cases allelic
frequencies are more useful in describing the gema. The use of
allelic frequencies offers several advantages otle genotypic
frequencies. First, in sexually reproducing orgars, genotypes break
down to alleles when games are formed, and alleletsgenotypes, are
passed from one generation to the next. Consdguenty alleles have
continuity over time, and the gene pool evolvesulgh changes in the
frequencies of alleles. Furthermore, there areagdifewer alleles than
genotypes, and so the gene pool can be descrililbdemier parameters
when allelic frequencies are used. For exampligeife are three alleles
segregating at a particular locus, six genotyped warm and
frequencies must be calculated for each to desthidbgene pool.

2.0 OBJECTIVE

At the end of this unit, you should be able to:

. determine allelic frequencies from actual counts.

13
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3.0 MAIN CONTENT

3.1 Calculation of Allelic Frequency from ObservedNumber
of Genotypes

Allelic frequency may be calculated in two waygher from:

. the observed numbers of different genotypes attecpkar locus
. or the genotypic frequencies.

First, we can calculate the allelic frequenciegay from the numbers
of genotypes. In this method, we count the nundfealleles of one
type at a particular locus and divide it by theakatumber of alleles at
that locus in the population:

Allelic frequency = Number of copies of a givenesdl in the population
Sum of all alleles in the population

As an example, imagine a population of 1,000 diploadividuals with
353AA, 494Aa, and 153aindividuals. EachAA individual has twdA
alleles, while eaclAa heterozygote possesses only a sidgatiele.

Therefore, the number & alleles in the population is (2 x the number
of AAhomozygotes) + (the number A& heterozygotes) or (2 x 353) +
494, = 1,200.

Because every diploid individual has two allelds total number of
alleles in the population will be twice the numloérindividuals, or 2 x
1,000.

Using the equation given above, the allelic frequeis 1,200/2,000 =
0.60.

When two alleles are present at a locus, we canthusefollowing
formula for calculating allelic frequencies:

P= f(A)= (2 x number oAA homozygotes) + (number 8f heterogotes)
(2 x total number of individuals)

g= f(a)=_(2 x number oha homozygotes) + (number & heterogotes)
(2 x total number of individuals)

14
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3.2 Calculation of Allelic Frequency from Genotypt
Frequency

The second method of calculating allelic frequem@ees through the
step of first calculating genotypic frequencies demonstrated
previously.

In this example #A) = 0.353; fAa = 0.494; and #a) = 0.153. From
these genotypic frequencies, we calculate the ealfedquencies as
follows:

. p = f(A) = (frequency of théA homozygote) + (1/2 x frequency
of theAa heterozygote)

. g = f(A) = (frequency of th@a homozygote) + (1/2 x frequency
of theAa heterozygote)

The frequencies of two allelesA)(and f@), are commonly symbolised
asp andqg. The allelic frequencies for a locus, like thenggypic
frequencies, should always add up to 1. This sabsge in a one gene
locus model that has only two alleles, 100% (ilee, frequency = 1) of
the alleles are accounted for by the sum of thegueages of the two
alleles. Therefore, once the frequency of onehefdlleles (e.g. p) is
known, and since p + g=1¢ can easily be obtained by q = pl-

4.0 CONCLUSION

Only alleles have continuity over time, and the ol evolves
through changes in the frequencies of alleles. Wstntases allelic
frequencies are more useful in describing the geoel. Thus,
determination of allelic frequencies given vari@igumstances is very
crucial in population genetics.

5.0 SUMMARY

Allelic frequencies could be determined directly diyunting the actual
numbers of individuals in different genotypic clkassn the population.
Also, if the genotypic frequencies are known, @ilétequencies could
equally be determined. There are formulae respagtifor calculating
allelic frequencies from actual counts given theo twonditions
respectively:

Given the number of individuals in different gergityclasses (i.e. from
number of genotypes):

15
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P= f(A)= (2 x number oAA homozygotes) + (number #fa heterogotes)
(2 x total number of individuals)

g= f(a)=_(2 x number oha homozygotes) + (number 8& heterogotes)
(2 x total number of individuals)

From Genotypic Frequencies:

. p = f(A) = (frequency of théAA homozygote) + (1/2 x frequency
of the Aa heterozygote)

. g= f(A) = (frequency of thaa homozygote) + (1/2 x frequency of
the Aa heterozygote)

However, once the frequency of one of the alleteg. (p) is known, and
since p+g=1, g can easily be obtained by:

q= 1-p
6.0 TUTOR-MARKED ASSIGNMENT

Calculate the allelic frequencies from the genatygrequencies
obtained in the Tutor Marked Assessment questiddnih 2. Comment
whether determination of allelic frequencies frortual counts and
from genotypic frequency gives the same answer.

7.0 REFERENCES/FURTHER READING

Klug, W. S.; Cummings, M.R.; Spencer, C.A. & Paitaxj M.A.
(2009). Concepts of Genetics Pearson Int. Ed. (9th ed.).
Pearson Benjamin Cummings.

Peter, J. Russel (nd)Genetics.New York: Harper Collins College
Publishers.

Russel, P. J. (1996).Genetics(7th ed.). New York: Harper Collins
College Publishers.

Weaver, R. F. & Hedrick, P. H. (1997)Genetics (3rd ed.). WCB
Publishers.
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1.0 INTRODUCTION

It is possible to obtain allelic frequencies gigewariety of situations. It
IS necessary to master the various methods vety wel

2.0 OBJECTIVE

At the end of this unit, you should be able to:

. determine allelic frequencies from observation made
phenotypic and genotypic counts in the population.

3.0 MAIN CONTENT

3.1 Method of Calculation given actual Counts in Miltiple
Allelic Systems

Multiple Allelic System

Suppose we have three alleles’-A2, andA® — at a locus, and we want
to determine the allelic frequencies.

Here, we employ the same rule that we used withailedes: we add up
the number of alleles of each type and divide kg tibtal number of
alleles in the population:

p=f(A) = ExAAY+ AN+ AN
(2 x total number of individuals)
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q=fA) = @ExAA)+ AN+ (AAY
(2 x total number of individuals)
r = f(A®) = R x3ZA + (AIAY) + (APAY

(2 x total number of individuals)

To illustrate the calculation of allelic frequensieghen more than two
alleles are present, we will use data from a stagenetic variation in
“milkweed beetles”. Walter Eanes and his coworletamined allelic

frequencies at a locus that codes for the enzynosgitoglucomutase
(PGM). Three alleles were found at this locus;healiele codes for a
different molecular variant of the enzyme. In onepuylation, the

following numbers of genotypes were collected:

AA = 4
AB = 41
BB = 84
AC = 25
BC = 88
cCc = 32
Total = 274

The frequencies of the alleles are calculated lsmAfs:

f(A)=p=_(2x4)+41 +25 = 0.135
(2 x274)

f(B)=q=_(2x84)+41+88 = 0.542
(2 x 274)

f(C)=r=(2x32)+88+25 = 0.323
(2 x274)

As seen in these calculations, we add twice thebeuraf homozygotes
that possess the allele and one times each ofefeedzygotes that have
the allele. We then divide by twice the numberrafividuals in the
population, which represents the total number td#led present. Note
that in the top part of the equation for each allegequency, we do not
add all the heterozygotes, because some of theokggmtes do not
have the allele; for example, in calculating tHelel frequency of A, we
do not add the number @C heterozygotes in the top part of the
equation. BC individuals do not have an A alleWe can use the same

procedure for calculating allelic frequencies wtiear or more alleles
are present.
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3.2 Method of Calculation given Genotypic Frequeries in
Multiple Allelic Systems

The second method for calculating allelic frequeacirom genotypic
frequencies can also be used here. This calcolatay be quicker if
we have already determined the frequencies of #motgpes. The
frequency of the homozygote is added to half of Hwterozygote
frequency because half of the heterozygote’s allateA and half are.

If three alleles &', A*> andA%) are present in the population, the allelic
frequencies are:

p =f(AY) = f (A'AY) + 1/2f(AA?) + 1/2f(A'A%)
q =f(A%) = (A%A?) + 1/2f(A'A%) + 1/H(AZAY)
r =f(A% = f (AA%) + 1/2f(A'A%) + 1/X(A’AY)

Although calculating allelic frequencies from genmt frequencies may
be quicker than calculating them directly from timeimbers of
genotypes, more rounding error occur. As a resalculations from
direct counts are usually preferred. Calculatimpaiype frequencies
and allelic frequencies are illustrated for a oeeglocus, three allelic
cases as illustrated below:

Sample calculating of genotypic and allelic freqeiea for hemoglobin
variants among Nigerians where multiple allelespaesent

Hemoglobin Genotypes
AA AS SS AC SC CC Total
2,017 783 4 173 14 11 3,002

Calculation of Genotypic Frequencies

Number of individuals with the genotype
Genotypic frequency = Total number of indivads

4 2017 173

f(SS)= 3,002 =0.0013f(AA) = 3,002 = 0.672 f(AC) =
3,002 =0.058

_783 14 A1
f(AS)= 3,002 =0.261 f(SC) = 3,002 = 0.0047(CC)= 3,002
= 0.0037
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Calculation of allelic frequencies from the numbéindividuals with a
particular genotype

Number of copies of a given allele in the popala
Allelic frequency = Sum of alleles in the population

(2xnumber ofSSindividuals) + (Number oAS individuals) + (number
of SCindividuals)

f(S) = (2 x total number of individuals)
(2x4)+783+14) = 805
f(S) = (2 x 3,002) 6,004 =13

(2x number ofAA individuals) + (Number oASindividuals) + (number
of AC individuals)

f(A) = (2 x total number of individuals)
(2x2,017) + 783 +173) = 4,990
f(A) = (2 x 3,002) 6,004 =831

(2x number ofcC individuals) + (Number oAC individuals) + (number
of SCindividuals)

f(C) = (2 x total number of individuals)
(2x11)+173 +14) = 209
f(C) = (2 x 3,002) 6,004 =03b

Calculation of allelic frequencies from the freqognof particular
genotypes

f(S) = f(S9 + 1/2f(AS + 1/2f(SQ

f(S) = 0.0013 + 1/2 x (0.261) + 1/2 x 0.0047 = 0.134
f(A) = f(AA) + 1/2f(AS + 1/2 fAC)
f(A) = 0.672 + 1/2 x 0.261 + 1/2 x 0.0587 =0.831

f(C) = f(CC) + 1/2f(SQ) + 1/2 f(AC)
f(C) = 0.01037 + 1/2 x 0.0047 + 1/2 x 0.0058  =08®

Data are fromLivingstone, F.B. 1973. Data on the Abnormal
Hemoglobins and Glucose-6-Phosphate Dehydrogenas$eidhcy in
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Human Populations of 1967-1973. Contributions iantan Biology
No. 1. Museum of Anthropology, University of Miclag.

4.0 CONCLUSION

Allelic frequencies can be calculated from actuaseyvations made in
the population in a multiple allelic system. Thechnique is an
extension of the two allelic cases.

5.0 SUMMARY

Determination of allelic frequencies from populaticounts requires the
use of appropriate formulae.

6.0 TUTOR-MARKED ASSIGNMENT

See section 3.2 for a sample question and modailesibn.

7.0 REFERENCES/FURTHER READING

Klug, W. S.; Cummings, M.R.; Spencer, C.A. & Paifej M.A.
(2009). Concepts of Genetics Pearson Int. Ed. (9th ed.).

Pearson Benjamin Cummings.

Peter, J. Russel (nd).Genetics.New York: Harper Collins College
Publishers.

Russel, P. J. (1996).Genetics(7th ed.). New York: Harper Collins
College Publishers.

Weaver, R. F. & Hedrick, P. H. (1997)Genetics(3rd ed.). WCB
Publishers.

21



BIO403 POPULATION GENETICS

UNIT 5 SEX-LINKED TRAITS
CONTENTS

1.0 Introduction
2.0 Objective
3.0 Main Content
3.1  Method of Calculation
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Calculation of allelic frequencies at an X-linkextuis is slightly more
complicated, because males have only a single kédinallele.
However, we can use the same rules we used fors@u@ loci.
Remember that each homozygous female carries tiiok¥d alleles;
heterozygous females have only one of that paaicallele, and all
males may have only a single X-linked allele.

2.0 OBJECTIVE

At the end of this unit, you should be able to:

. calculate allelic frequency for sex-linked traits.
3.0 MAIN CONTENT

3.1 Method of Calculation

To determine the number of alleles at an X-linkezlk, we multiply the
number of homozygous females and the number of 2ygous males.
We next divide by the total number of alleles ie fiopulation. When
determining the total number of alleles, we addcéwnihe number of
females (because each female has two X-lined g)létethe number of
males (who have a single allele at X-linked lodysing this reasoning,
the frequencies of two alleles at an X-linked lo¢8#\ and Xa) are
determined with the following equations:

p=fX") = (2xXX”" females) + (XX*females) + (XY males)
(2 x number of females) + (number of males
q=fX® = _(2xX%?females) + (XX?females) + (XY males)

(2 x number of females) + (number of mples
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Allelic frequencies at an X-linked locus can beedetined from the
genotypic frequencies by:

p =f(X%) = f (XAX?) + L2f(X"X®) + f(X™Y)
q =fOX®) = f (X33 + 1/2 f(XPY) + f(Y)

You should strive to understand the logic behirgséhcalculations, not
just to memorise the formulas. If you fully undars the basis of the
calculations, you will not need to remember thecéxguations and will
be able to determine allelic frequencies for aiyasion.

4.0 CONCLUSION

Allelic frequencies can be determined from actualnts and genotypic
frequencies for sex-linked traits.

5.0 SUMMARY

Appropriate formulae can be used to determine gpmtand allelic
frequencies in sex-linked cases. It should bental@e that males are
hemizygous for sex-linked traits since they havelyommne x
chromosome.

6.0 TUTOR-MARKED ASSIGNMENT

A small community is made up of 400 people (220dEs: 180 males).
Ten females are colour blind while 40 males ar@woblind. The rest
have normal vision. Although normal vision is cofied by a

completely dominant allele, assume that it is gaesto distinguish
between homozygous normal vision and heterozygousviduals.

Determine (a) genotypic frequencies and (b) alleéquencies.

7.0 REFERENCES/FURTHER READING
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Pearson Benjamin Cummings.
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MODULE 2

Unit 1 Hardy-Weinberg Populations

Unit 2 Application of Hardy-Weinberg Equations toed&
Populations

Unit 3 Application of Hardy-Weinberg Principle ton® Locus
Multiple Allelic System

Unit 4 Sex-Linked Traits

UNIT 1 HARDY-WEINBERG POPULATIONS
CONTENTS
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1.0 INTRODUCTION

In the last Module, we learnt how to determine dggpmic and allelic

frequencies in a population. It was also streskatlit is crucial to know
all the genotypic classes to be able to analys@émetic structure of a
population in terms of its genotypic and alleliequencies. Autosomal
traits controlled by co-dominant and intermediatemadant alleles
offered an opportunity to do this because all temagypes can be
distinguished.

24



B10403 POPULATION GENEH®IC

However, many traits especially many inherited aéss result from
disease-causing alleles that are recessive to tyije alleles, an
important question is how common are the heterozygarriers of the
disease causing allele in a population? It is bssto know the
phenotypic frequencies of healthy individuals andse affected by the
disease. Can this be used to predict the frequeifclieterozygous
carriers? Certainly no because healthy individuetssist of two
genotypic classes: homozygous dominant and hetgoo®yclasses. In
analysing the genetic structure of a population,rdfaVeinberg
principle becomes very important.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. state the Hardy-Weinberg Law
. highlight the 5 assumptions of Hardy-Weinberg aqiiim.

3.0 MAIN CONTENT
3.1 Importance of Hardy-Weinberg Principle

The key to understand the importance of Hardy-Weprthyciple lies in
establishing a quantitative relationship betweeenglype, genotype,
and allele frequencies within and between genaratio The Hardy-
Weinberg lawnamed for the two men — G.H. Hardy and W. Weinberg
who independently developed it in 1908, clarifi¢w trelationships
between genotype and allele frequencies within reeiggion and from
one generation to another. To derive a general daacribing the
inheritance of alleles in a population, it is nezeyg to make certain
simplifying assumptions about the nature of the ypajon, the
individuals within it, and the genes these indiatiucarry.

3.2 Hardy-Weinberg Assumptions

Derivation of the Hardy-Weinberg law depends on efiwsuch
assumptions:

1. The population includes a very large, virtuatifinite, number of
individuals.
2. The individuals mate at random in the sense teath

individual’'s genotype at the locus of interest does influence
his or her choice of a mate.

3. No new mutations appear in the gene pool.

4. There is no migration into or out of the popigiat
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5. There are no genotype-dependent differenceienability to
survive to reproductive age and transmit genesh® next
generation.

Populations that satisfy all these five assumptians said to be at
Hardy-Weinberg equilibrium.

3.3 Explanation of the Key Points in Hardy-Weinbeg
Assumptions

3.3.1 Random Mating

The first assumption is random mating, which mehasthe probability

that two genotypes will mate is the product of finequencies (or
probabilities) of the genotypes in the populatiah.the MM genotype

makes up 90% of a population, then any individuzsd b 90% chance
(probability = 0.9) of mating with a person with &M genotype. The
probability of anMM by MM mating is (0.9)(0.9), or 0.81.

Deviations from random mating come about for twasmns: choice or
circumstance. If members of a population chooshviduals of a
particular phenotype as mates more or less oftan #t random, the
population is engaged assortative mating If individuals with similar
phenotypes are mating more often than at randomsitiym® assortative
matingis in force; if mating occurs between individualghadissimilar
phenotypes more often than at random, negativertaise mating,or
disassortative mating is at work.

Deviations from random mating also arise when ngaindividuals are
either more closely related genetically or moretasily related than
individuals chosen at random from the populatidnbreeding is the

mating of related individuals, andutbreeding is the mating of
genetically unrelated individuals. Inbreeding iscansequence of
pedigree relatedness (e.g. cousins) and small abpulsize.

One of the first counter intuitive observationspaipulation genetics is
that deviations from random mating alter genotyfpgcjuencies but not
allelic frequencies. Envision a population in whievery individual is

the parent of two children. On the average, eadividual will pass on

one copy of each of his or her alleles. Assortatimating and

inbreeding will change the zygotic (genotypic) camaltions from one

generation to the next, but will not change whitteles are passed into
the next generation. Thus genotypic, but notiallélequencies change
under nonrandom mating.
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3.3.2 Large Population Size

Even when an extremely large number of gametepraduced in each
generation, each successive generation is thet refsal sampling of a
relatively small portion of the gametes of the poes generation. A
sample may not be an accurate representation opalgtion, especially
if the sample is small. Thus, the second assumpbiothe Hardy-
Weinberg equilibrium is that the population is mfely large. A large
population produces a large sample of successimetzs. The larger
the sample, the greater the probability that thedialfrequencies of the
offspring will accurately represent the allelicduencies in the parental
population. When populations are small or whereledl are rare,
changes in allelic frequencies of the offspringl wdcurately represent
the allelic frequencies in the parental populati®hen populations are
small or when alleles are rare, changes in alfediguencies take place
due to chance alone. These changes are referastandom genetic
drift , or genetic drift.

3.3.3 No Mutation or Migration

Allelic and genotypic frequencies may change thloubge loss or
addition of alleles through mutation or migratiommipigration or
emigration) of individuals from or into a populatio The third and
fourth assumptions of the Hardy-Weinberg equilibriare that neither
mutation nor migration causes such allelic lossaddition in the
population.

3.3.4 No Natural Selection

The final assumption necessary to the Hardy-Wemlaguilibrium is
that no individual will have a reproductive advaygaover another
individual because of its genotype. In other words natural selection
is occurring (Artificial selection, as practiced animal and plant
breeders, will also perturb the Hardy-Weinberg Bopum of captive
populations).

In summary, the Hardy-Weinberg equilibrium holds €kactly true) for
an infinitely large, randomly mating population which mutation,
migration, and natural selection do not occur. view of these
assumptions, it seems that such equilibrium wouldven be
characteristic of natural populations. Howevelis tis not the case.
Hardy-Weinberg equilibrium is approximated in natysopulations for
two major reasons. First, the consequences oatug some of the
assumptions, such as no mutation or infinitely dapgpulation size, are
small. Mutation rates, for example, are on theepif one change per
locus per generation per ®l@ametes. Thus, there is virtually no
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measurable effect of mutation in a single genematioln addition,
populations do not have to be infinitely large @ as if they were. As
we will see later in this course, a relatively snpapulation can still
closely approximate Hardy-Weinberg equilibrium. dther words,
minor deviations from the other assumptions cdhrssult in a good fit
to the equilibrium; only major deviations can beded¢ed statistically.
Second, the Hardy-Weinberg equilibrium is extremegsilient to
change because, regardless of the perturbatioegihiébrium is usually
reestablished after only one generation of randoating. The new
equilibrium will be, however, at the new alleli@fuencies — the Hardy-
Weinberg equilibrium does not “return” to previaaltelic values.

3.4 Hardy-Weinberg Law

3.4.1 Statement of the Law

The five key points explained above are the higtiigof Hardy-

Weinberg Law. The law states that: In a large ramdaating population
with no selection, mutation, or migration, the géreguencies and the

genotype frequencies are constant from generatigemeration.

Note the five key points: large, random mating,setection, mutation
and migration.

3.4.2 Hardy-Weinberg Expression
The relationship between gene frequencies and geadtequencies is
of the greatest importance because many of the rdadyctions about
population genetics and quantitative geneticsarst. The relationship
is as follow:

Given: gene frequencies of dominant allele = p@nd

Gene frequency of recessive allele = g

Then Hardy-Weinberg genotypic frequencies% 2pq, and 9

This is illustrated in the Table below:

Genes in Genotypes in Progeny
Parent
A1 AilAq AA2
A, ALA,
Frequency| p q P22 2pq
q
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Sum alleles must add uptoone, p+q=1.

Thus, (p + d)= 12

The binomial expansion give$:2pq + =1
4.0 CONCLUSION

In situations of complete dominance, when the loeigyotes cannot be
distinguished from the homozygotes (dominant),sitimpossible to
determine allelic and genotypic frequencies fronualccounts. In such
circumstance (provided the population is in equilim, Hardy-
Weinberg equation given by p 2pq + 4 = 1 should be used.

5.0 SUMMARY

The Hardy-Weinberg Law describes what happens telialand
genotypic frequencies of a large population, wheard is random
mating, no mutation, migration, or natural selectif these conditions
are met, allelic frequencies do not change fromeggion to generation,
and the genotypic frequencies stabilize after oepeegation in the
proportion  + 2pq + §, where p and q represent the frequencies of
alleles in the population.

6.0 TUTOR-MARKED ASSIGNMENT

1. List the 5 Hardy-Weinberg assumptions.
2. Are there Hardy-Weinberg populations in the reatld@
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1.0 INTRODUCTION

The conditions to attain Hardy-Weinberg equilibriame impossible or
at least very difficult to meet in real populatioddl populations have
finite sizes, mutations do occur, migration inta aut of a population is
common; and many genotypes of interest such ag tthas cause lethal
childhood diseases, affect ability to survive aegroduce. Nevertheless
even when many of the assumptions of Hardy-Weinbergot apply,
the equation derived on the basis of these assangpis remarkably
robust at providing estimates of genotype and ptygeofrequencies in
real populations.

2.0 OBJECTIVE

At the end of this unit, you should be able to:

. apply Hardy-Weinberg law to one locus two allelystem.
3.0 MAIN CONTENT

3.1 Application of Hardy-Weinberg Law to One Locus Two-
Allelic System

The binomial equation enables us to use informatiorgenotype and
allele frequencies to predict the genotype fregie=nof the next
generation. Suppose, for example, that in a pdpualaof 100,000
people carrying the recessive allele a for albinishere are 10@a
albinos and 180@a heterozygous carriers. To find what the frequency
of heterozygous carries will be in the next genenatyou compute the
allele frequencies in the parent population:
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98,100AA individuals; 1800Aa individuals and 10@a individuals -
196,200A alleles + 180\ alleles; 180& alleles + 20G alleles

One of 200,000 total alleles the frequency of the abele is
198,000/200,000 =

99/100 = 0.99; thup = 0.99, and the frequency of the allele is
2,000/200,000 = 1/100 = 0.01
Thus,q=0.1

The Hardy-Weinberg equation for the albino genthis population is:
p*+2pg+4=1
(0.99)2 +2 (0.99 x 0.01) + (0.01)2=1

0.9801 + 0.0198.0001 =1

It thus predicts that in the next generation of,000 individuals, there
will be:

100,000 x 0.9801 98,01 individuals,

100,000 x 0.0198 198%a individuals,

100,000 x 0.00001 1&a individuals,

This example shows that in one generation, the tgprofrequencies
have changed slightly. A natural question is: higneeallele frequencies
also changed?

Recall that the initial frequencies of tliReandr alleles arep and g
respectively, and thgt + g = 1. You can use the rules for computing
allele frequencies from genotype frequencies to mdm the alleles’
frequencies of the next generation.

From the Hardy-Weinberg equation, you know tHadfothe individuals
areRR whose alleles are d@R, and »q of the individuals ar&r, 1/2 of
whose alleles ar®  Similarly, g° of the individuals arer, whose
alleles are all, and q of the individuals ar&r, 1/2 of whose alleles
arer. If p+ g=1, theng = 1p and the frequency of thHe allele in the
next generation population is:

p* + 1/2 [2p(1 —p)] = p* + p(1 —p)

=p+p-p’=p
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Using these equations to calculate the allele #aqies of A and a in
the second generation of 100,000 individuals, sarhewhom are
albinos, we find:

. for p: 0.98 + 0.99 — 0.98 = 0.99 = the frequency ofAladlele
. for g 0.0001 + 0.01 — 0.0001 = the frequency ofdladiele

These frequencies are the same as those in théoysegeneration.
Thus, though the genotype frequencies have chasligddly from the
first generation to the next, the allele frequesdmave not changed.
Note that this is true of both the dominant andréeessive alleles.

4.0 CONCLUSION

Mendelian segregation, when applied to populatienetics has the
property that random mating results in an equilibridistribution of
genotypes after only one generation.

5.0 SUMMARY

The simplest case of one locus, two allelic systalstrates the
important use of Hardy-Weinberg Principle. If a plgtion is not in
equilibrium, the principle can be used to predibe tgenotypic
proportions in the next generation because equhbis attained after
one generation of random breeding assuming thar dtnces that can
disturb population equilibrium are not at play.

6.0 TUTOR-MARKED ASSIGNMENT

About 70% of all white North Americans can tastee tbhemical
phenylthiocarbamide, and the remainder cannot. diiity to taste is
determined by the dominant allele T, and the ingbito taste is
determined by the recessive allele t. If the papoih is assumed to be
in Hardy-Weinberg equilibrium, what are the genatypnd allelic
frequencies in this population?
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1.0 INTRODUCTION

It is helpful to review application of Hardy-Weinigeprinciple to the

simple two-allelic system before attempting to knthe application of

the principle to multiple allelic systems. Thishecause application to
multiple allelic systems is an extension of the wtealge of the simple
two-allelic system.

2.0 OBJECTIVE

At the end of this unit, you should be able to:

. determine allelic and genotypic frequencies in dtipla allelic
system.

3.0 MAIN CONTENT
3.1 Multiple Allelic System

The Hardy-Weinberg principle can also be extenadedbre than two
alleles. Recall that multiple allelic system is whfere are more than
two alleles that can occupy one locus. Let ustilais this with human
ABO blood group system, which has three allelés:Ii, 1°. Table 1
gives the frequencies of the resulting genotypespenotypes. As for
two alleles, the genotypic frequencies can be tatied as the product of
particular male and female gametic frequencies.r &ample, the
frequency of genotype™l* is (p)(p) = B. Overall, the genotypic
frequencies are equal to the square of the follguitmomial (because
there are three alleles):

(P+q+rf=p+2pg+§+2pr+ 2qr+7
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Check table 1 to see that you understand the geestgissociated with
these frequencies.

Note that because of the recessitivity of alléletivo genotypes have
the A phenotype {1* and 1°) and two have the B phenotypé&lfiand
1B The frequency of the O phenotype, using thedi#a¥einberg
principle, is the square of the frequency of theessive allele9, that is
r% the frequencies of the A and B phenotypes are ppr and g+ 2qr,
respectively; and the frequency of the AB phenoti@pq. In the
United States Caucasian population, the frequerdiedieles f, 1 and
I° are approximately 0.28, 0.06 and 0.66, resultingphenotypic
frequencies of 0.45, 0.08, 0.03, and 0.44 for ABGb8 group types A,
B, AB, and O, respectively. Luckily, the raresiepbtype, type AB, is
also the universal recipient, so people with tHigenmotype can receive
transfusions from individuals of any ABO blood gpatype.

Table 1: The Hardy-Weinberg Principle Applied to the ABO Btb
Group System

Female Gametes Male Gametes (Frequencies)
(Frequencies)
1"(p) 1°(q) 1°(r)
1*(p) “1% (Y |1*1%pa) | 1%1%(pr)
A AB A
1%(q) P17 (pa) | 17 1°(a”) 117 (ar)
AB B B
1°(r) " 1%pr) [ 1219an) 121%(pr)
A B O

An important consequence of having many allelea kicus is that, in
general, most individuals in a population are letggotes. For
example, at thélLA-A andHLA-B loci, over 90% of the individuals are
heterozygotes and less than 10% are homozygotesillutrate this
calculation, the Hardy-Weinberg heterozygositytfer ABO system is:

H =2pq + 2pr + 2qr

= 2(0.28)(0.06) + 2(0.28)(0.66) + 2(0.06)(0.66)

= 0.482.

4.0 CONCLUSION
A good understanding of the two allelic systemsigrerequisite to

understanding multiple allelic systems. It is helpio understand and
practice problem solving in two allelic systems wewell because
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multiple allelic cases can simply be described s®nsions of two
allelic systems.

5.0 SUMMARY

When there are many alleles (which means many rheterozygous
than homozygotes), the simplest approach is toulzt the Hardy-
Weinberg homozygosity and subtract it from unityhe remainder is
the Hardy-Weinberg heterozygosity.

6.0 TUTOR-MARKED ASSIGNMENT
1. In a large natural population a plant species, ethare three

alleles at one locus. The alleles ar&, ' and A. The
following results were obtained in a populationdstu

ASAS = 0.04
AA" = 0.09
ATAF = 0.25
ASA' = 012
ASAT = 0.20
A'AT = 030
2. What are the allelic frequencies in the popatei
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1.0 INTRODUCTION

Recall that Sex-linked or X-linked traits are tsadontrolled by genes
located on the X chromosomes. Well known examptefiuman are
colourblindness and haemophilia. Thus, males aneizygous for sex-
linked traits because they inherit only one X chosome from their
mothers unlike females that inherit 2 X chromosane®e from each
parent. Thus, population genetic analysis of XdithKkraits is slightly
different as compared to autosomal traits.

2.0 OBJECTIVE

At the end of this unit, you should be able to:

. determine genotypic and allelic frequencies for-lgsglked traits
using Hardy-Weinberg principle.

3.0 MAIN CONTENT

3.1 Application of Hardy-Weinberg Principle to X-linked
Traits

For X-linked alleles in females, the Hardy-Weinb&epuencies are the
same as those for autosomal loci:

p? (X*X™), 2pg (X*XB), and G (XEX"®).

In males however, the frequencies of the genotyykde p(X”Y) and
q (XBY), the same as the frequencies of the allelehénpopulation.
For this reason, recessive X-linked traits are nfiguent among males
than females. To illustrate this concept, consicea-green colour
blindness, which is an X-linked recessive traitheTirequency of the
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colourblind allele varies among human ethnic groupe frequency
among African Americans is 0.039. At equilibriuthe expected
frequency of colourblind males in this group gs= 0.039, but the
frequency of colourblind females is ord§

= (0.039% = 0.0015.

When random mating occurs within a population, #gpilibrium

genotypic frequencies are reached in one generatidowever, if the
alleles are X-linked and the sexes differ in atlefrequency, the
equilibrium frequencies are approached over seggaérations. This is
because males receive their X-chromosome from thwther only,

while females receive an X chromosome from bothrtte¢her and the
father.

Consequently, the frequency of an X-linked allelemales will be the
same as the frequency of that allele in their nsthevhereas the
frequency in females will be the average of thatiothers and fathers.
With random mating, the allelic frequencies in tihd sexes oscillate
back and forth in each generation, and the difiezan allelic frequency
between the sexes is reduced by half each gener&dioce the allelic
frequencies of the males and females are equalfreqeencies of the
genotypes will be in Hardy-Weinberg proportionseaftone more
generation of random mating.

4.0 CONCLUSION

Recessive X-linked traits are more frequent amomdesthan among
females because the frequency of an X-linked regedmit in male is
the same as the allelic frequency while it is equathe Weinberg
frequency in the female.

5.0 SUMMARY

Analysis of X-linked traits in population genetiissdifferent for males
and females because of the different chromosomadtitotions of the
two sexes. In females, the Hardy-Weinberg frequenare the same as
those for autosomal loci:*gX*X"™), 2pq (X*XB), and § (X®X®). In
males however, the frequencies of the genotypdsbeip(X*Y) andq
(XPY), the same as the frequencies of the allelekérpbpulation.

6.0 TUTOR-MARKED ASSIGNMENT
About 7% of men are colour-blind in consequenceao$ex-linked
recessive gene. Assuming Hardy-Weinberg equilibyiuwhat

proportions of women are expected to be (i) casrieand (ii)
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colourblind? (iii) In what proportion of marriagase both husband and
wife expected to be colourblind?
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1.0 INTRODUCTION

In the last Module, Unit 1 Sections 4.0 and 4.k ttonditions for
conformity and deviation from Hardy-Weinberg Edoilum were
explained. Due to sampling errors, it is not likehat the observed
numbers of different genotypes will be exactly #wmme as what is
expected even if the population is in Hardy-WeigbEquilibrium. The
guestion to ask is how much deviation from the eigx numbers
should be considered significant to reject the Hypsis (null
hypothesis) that the population is not likely to ineHardy-Weinberg
Equilibrium?

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. distinguished the differences between the obsepaulilation
count is statistically difference from Hardy-Weinpexpectation
. use chi-square test for analysis.
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3.0 MAIN CONTENT

3.1 Testing Whether a Population is in Hardy-Weinkerg
Equilibrium

Testing for Hardy-Weinberg Proportions

The Hardy-Weinberg law can be used as a null hygsishto which the
genetic structure of any particular population bancompared. If the
observed genetic structure does not match the &eghatructure based
on the law, one can begin to ask about which ofassumptions are
being violated. To determine whether the genotyges population are
in Hardy-Weinberg proportions, we first compute pdag from the
observed frequencies of the genotypes. Note:important not to take
the square roots of the homozygote frequencies litairo allele
frequencies because in doing that, you already nassthat the
population is in equilibrium. Thus, allele frequess should be
calculated from the sum of homozygote frequencies pne half the
heterozygote frequencies — for a more completeudson. Once we
have obtained these allelic frequencies, we caculzk the expected
genotypic frequenciep?, 2pg, andq?) and compare these frequencies
with the actual observed frequencies of the gerestypsing achi-
square test The chi-square test gives us the probabilityt tthee
difference between what we observed and what weaxpnder the
Hardy-Weinberg law is due to chance.

To illustrate this procedure, consider a locus titates for transferring
(a blood protein) in the red backed valdethrionomys gapperiThree
genotypes are found at the transferring loddsd, MJ, and JJ. In a
population of voles trapped in the Northwest Terrégs of Canada in
1976, 12MM individuals, 53MJ individuals, and 12J individuals were
found. To determine if the genotypes are in Hahginberg
proportions, we first calculate the allelic frequrs for the population
using our familiar formular:

(2 x number of homozygotes + (number of heteroms)
P = (2 x total number dividuals)

Therefore:
P=fM) =(2x12) + (53)= 0.50
2x77)

g=1-p=0.50

Using p and g calculated from the observed genotypes, we can now
compute the expected Hardy-Weinberg proportionsttier genotypes:
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f(MM) = *=(0.50¥ = 0.25;f(M)= 2pg = 2(0.50(0.50) = 0.50; arf1J) =
o’ = (0.50f =0.25. However, for the chi-square test, actushipers of
individuals are needed, not the proportions. Ttaiobthe expected
numbers, we simply multiply each expected propartiones the total
number of individuals counted\), as show below:

EXPECTED OBSERVED

f(MM) =p°xN

=0.25x 77 = 19.3 12
f(M)  =2pgx N

=0.50x 77 = 38.5 53
f3J) =¢*xN

=0.25x 77 = 19.3 12

With observed and expected numbers, we can comgputki-square
value to determine the probability that the differes between observed
and expected numbers could be the result of chaiibe. chi-square is
computed using the same formula that we employedafalysing
genetic crosses; that id, the deviation, is calculated for each class as
(observed — expected)f?, the deviation squared, is divided by the
expected number e for each class; and chi-squaieigXomputed as
the sum of alt/e values.

For the above example?% 10.98, we need to find this value in the chi-
square table under the appropriate degrees ofdneedrlhis step is not
as straightforward as in our previou$ afalysis. In those examples, the
number of degrees of freedom was the number ofetas the sample
minus 1. Here, however, while there are threeselgsthere is only one
degree of freedom, because the frequencies okslliel a population
have no theoretically expected values. Thusjust be estimated from
the observations themselves. So one degree afdneés lost for every
parameter (p in this case) that must be calculated the data. Another
degree of freedom is lost because, for the fixeohlmer of individuals,
once all but one of the classes has been deterptimedast class has no
degree of freedom and is set automatically. Tloeeedvith three classes
(MM, MJ, andJJ), two degrees of freedom are lost, leaving onaakeg
of freedom.

In the chi-square table under the column for orngreke of freedom, the
chi-square value of 10.98 indicatep aalue less than 0.05. Thus, the
probability that the differences between the obsgérnand expected
values are due to chance is very low. That is,otteerved numbers of
genotypes do not fit the expected numbers undedyHéfeinberg law.
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4.0 CONCLUSION

A careful consideration of Hardy-Weinberg condisonmill reveal that it
Is impossible for real populations to satisfy theseditions. However to
a large extent, some real populations approach y-Nfeinberg

proportions. Testing of populations for Hardy-Wesndp proportions is
important in population genetics.

5.0 SUMMARY

Chi-square test is a statistical tool used to éepbpulation for Hardy-
Weinberg equilibrium. To perform the test, actualimiers of
individuals are needed, not the proportions. Ttaiobthe expected
numbers, we use the formula below:

X? =Y (o-efle

6.0 TUTOR-MARKED ASSIGNMENT

Consider the problem in Unit 3 of Module 2. Teshether the
population is in Hardy-Weinberg equilibrium.
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1.0 INTRODUCTION

When the population is large, randomly mating, fted from mutation,
migration, and natural selection, no evolution @scu The genetic
structure of the population is in equilibrium. Forany populations,
however, the conditions required by the Hardy-Wemgblaw do not
hold. Populations are frequently small, mating rhaynonrandom, and
mutation, migration, and natural selection may beuaing. In these
circumstances, allelic frequencies do change, hadgene pool of the
population evolves in response to the interplathe§e processes. In the
following sections we discuss the role of four exmnary processes —
mutation, genetic drift, migration, and naturalesgon — in changing
the allele frequencies of a population. We alscuss the effects of
nonrandom mating on genotype frequencies. We fashsider
violations of the Hardy-Weinberg equilibrium assuiops one by one.
We then consider several cases where two assurapéom violated
simultaneously. Be aware, however, that in regutettions the entire
assumption one by one.

2.0 OBJECTIVE
At the end of this unit, you should be able to:

. discuss the term mutation.
3.0 MAIN CONTENT
3.1 Mutation

One process that can potentially alter the fregesnaf alleles within a
population is mutation. Usually, a mutation conseme allelic form of
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a gene to another. The rate at which mutatiorse as generally low,
but varies among loci and among species.

Ultimately, mutation is the source of all new gemetariation; new
combinations of alleles may arise through recontimna but new
alleles only occur as a result of mutation. Thustation provides the
raw genetic material upon which evolution acts. sMoutations will be
detrimental and will be eliminated from the popudat A few
mutations, however, will convey some advantage¢leaandividuals that
possess them and will spread through the populatiofhether a
mutation is detrimental or advantageous depends upe specific
environment, and if the environment changes, presho harmful or
neutral mutations may become beneficial.

Mutations also have the potential to affect evolutby contributing to
the second step in the evolutionary process — bypgihg the frequency
of alleles within a population.

Consider a population that consists of 50 individuall with the
genotypeAA. The frequency oA(p) is 1.00 [(2 x 50)/100]. If on&
allele mutates ta, the population now consists of A individuals and
1 Aa individual. The frequency gb is now [(2 x 49) + 1] = 0.99.
When another mutation occurs, the frequencyAadrops to 0.98. If
these mutations continue to occur at low but stesdg over long
periods of time, the frequency &fwill eventually decline to zero, and
the frequency of a will reach a value of 1.00.

The mutation ofA to a is referred to as a forward mutation. For most
genes, mutations also occur in the reverse dimgcianay mutate té.
These mutations are called reverse mutations,tedtypically occur at

a lower rate than forward mutations. The forwangtation rate — the
rate at which A mutates to & (> g — symbolised withu; the reverse
mutation rate — the rate at which a mutates to A%aA) - IS
symbolised withv. Consider a hypothetical population in which the
frequency ofA is p and the frequency d is . We assume that the
population is large and that no selection occurshenalleles. In each
generationa is proportionu, the actual number mutating depends upon
both u and the frequency Afalleles.

Given that we have a forward mutation rate increpashe frequency of
a and a reverse mutation rate decreasing the fregueh a, it is

intuitively easy to see that eventually, the popata achieves
equilibrium, in which the number of alleles undergp forward

mutation is exactly equal to the number of allalesliergoing reverse
mutation.
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The equilibrium frequency fa is:

= _______u
u+v

and equilibrium value for p is
Vv

p=u+v

Consider a population in which the initial allefrequencies arp = 0.9
andq = 0.1, and the forward and reverse mutation rates = 5 x 10°
andv = 2 x 10° respectively, (these values are similar to forwand
reverse mutation rates observed for many genesthelfirst generation,
the change in allelic frequency is:

Ap =vVvp—-up
= (2x10-5x0.1) - (5x10-5x0.9)
Ap = -0.000043

The frequency ofA decreases by only four-thousandths of 1%. A
equilibrium, the frequency of theeallele,q, equals:
u

q= u+v

5 x 10
q= (5x10-5)+ (2 x 10-5) = 0.714

If no other processes act on a population afteryngenerations, the
alleles will reach equilibrium. Therefore, mutaticates determine the
allelic frequencies of the population in the abseotother evolutionary
processes. However, because mutation rates dmvsdhe change in
allelic frequency due to mutation pressure is editggy slow.

4.0 CONCLUSION

Mutation is the source of genetic variations in ylapons. However, it
can cause only a small change in allelic frequgrerygeneration.

5.0 SUMMARY
Mutation can proceed in the forward or backwar@dion. The rate of
forward mutation is u while that of backward mutatiis v. At

equilibrium, the frequencies of ‘A’ and ‘a’ allelewe given by p =
v/(u+v) and q = u/(u+v) respectively.
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6.0 TUTOR-MARKED ASSIGNMENT

If an allele, A, mutates to a with a frequency oh110,000 and back-
mutates with a frequency of 1 in 100,000, and & three genotypes
have equal fitness, what will be the genotypic Gieagies at equilibrium
in a random-mating populations?

7.0 REFERENCES/FURTHER READING
Klug, W.S.; Cummings, M.R.; Spencer, C.A. & Pallaali M.A. (2009).

Concepts of Genetics.Pearson Int. Ed. (9th ed.). Pearson:
Benjamin Cummings.

Russel, P. J. (1996).Genetics(7th ed.). New York: Harper Collins
College Publishers.

Weaver, R. F. & Hedrick, P. H. (1997)Genetics(3rd ed.). WCB
Publishers.

46



B10403 POPULATION GENEH®IC

UNIT 3 GENETIC DRIFT
CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Measuring Genetic Drift
3.1.1 The Dunker’s in Eastern Pennsylvania
3.2 Variation Due to Genetic Drift
3.3 Forms of Genetic Drift
3.3.1 Small Populations
3.3.2 Founder Effect
3.3.3 Bottleneck Effect
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Another major assumption of the Hardy-Weinberg lavthat the
population is infinitely large. Real populationse aot infinite in size,
but frequently they are large enough that expeigds are realised and
chance factors have small effects on allelic fregies. Some
populations are small, however, and in these grotipnce factors may
produce large changes in allelic frequencies. Randhange in allelic
frequency due to chance is callgehetic drift, or simplydrift for short.
Sewall Wright which laid much of the theoreticalufmation of the
discipline, championed the importance of genetitt dr the 1930s, so
sometimes genetic drift is called tBewall Wright effedn his honour.

To see how chance can play a big role in altetieggenetic structure of
a population, imagine a small group of humans inthap a South
Pacific Island. Suppose that the population cosstH only ten
individuals, five of whom have green eyes and fhave brown eyes.
For this example, we assume that eye colour isrii@ted by a single
locus (actually a number of genes controls eyewrdland the allele for
green eyes is recessive to broaB@ndBb coders for brown eyes and
bb codes for green). The frequency of the allelegi@en eyes is 0.6 in
the Island population. A typhoon strikes the idlakilling 50% of the
population; five of the inhabitants perish in thers. Those five
individuals who die all have brown eyes. Eye colouno way affects
the probability of surviving the fact that only #e with green eyes
survive is strictly the result of chance. Afteettyphoon, the allelic
frequency for green eyes is 1.0. Evolution hasuoed in this
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population — the frequency of the green-eye alele changed from 0.6
to 1.0, simply as a result of chance.

Now, imagine the same scenario, but this time watipopulation of
1,000 individuals. As before, 50% of the populati@as green eyes and
50% has brown eyes. A typhoon strikes the islamdl lkills half the
population. How likely is it that, just by chanca| 500 people who
perish will have brown eyes? In a population @&0D, individuals, the
probability of this occurring by chance is extreyneemote. This
example illustrates an important characteristig@hetic drift — chance
factors are likely to produce significant changesailelic frequencies
only in small populations.

Chance deviations from expected proportions arieenfa general
phenomenon called ‘sampling error. Just by chamcdy “error”
sample may deviate from the larger pool; the smale sample, the
larger the potential deviation.

Flipping a coin is analogous to the situation inickhsampling error
occurs. When two flip a coin, we expect 50% heaas$ 50% tails. If
we flip the coin 1,000 times, we will get very aboso that expected
fifty-fifty ratio. But, if we flip the coin only éur times, we would not be
surprised if by chance we obtain 3 heads and 1 daikven all tails.
When the sample — in this case the number of fips small, the
sampling error can be large. All genetic driftsag from such sampling
error.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. define genetic drift

. measure genetic drift in a population
. discuss variation due to genetic drift
. state the forms of genetic drift.

3.0 MAIN CONTENT
3.1 Measuring Genetic Drift

Genetic drift is random, and thus we cannot predibat the allelic
frequencies will be after drift has occurred. Hoem since sampling
error is related to the size of the population, ca@ make predictions
about the magnitude of genetic drift. To deterntine magnitude of
genetic drift, we must know the effective populatgize, which equals
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the equivalent number of adults contributing gamete the next
generation, the effective population size is:

Ne = (4 x Nf x Nm)/Nf + Nm

Where N equals the number of breeding females ang @éguals the
number of breeding males.

Students often have difficulty understanding whig #quation must be
used — why the effective population size is notpdinthe number of
breeding adults. The reason is that males, aswpgcontribute half of
all genes to the next generation and females, @®wp, contribute the
other half. Therefore, in a population of 70 feesabnd 2 males, the
two males are not genetically equivalent to two dé¥s; each male
contributes 1/2 x 1/2 = 0.25 of the genes to thd generation, whereas
each female contributes 1/2 x 1/70 = 0.007 of athes. The small
number of males disproportionately influences wdigles are present
in the next generation. Using the above equatithe, effective
population size iNe= (4 x 70 x 2) (70 + 2) = 7.8, or approximately 8
breeding adults. What this means is that in a [adjn of 70 females
and 2 males, genetic drift will occur as if the plapion had only four
breeding males and four breeding females. Thergfmretic drift will
have a much greater effect in this population tlamone with 72
breeding adults equally divided between males anthfes.

Other factors, such as differential production &6pring, fluctuating
population size, and overlapping generations cathdu reduce the
effective population size.

3.1.1 The Dunker’s in Eastern Pennsylvania

Small breeding units that lack gene flow are geadlti isolated from
other groups and often experience considerable tigeneift, even
though surrounded by much larger populations. Adgexample is a
religious sect, known as tHeunkers, found in eastern Pennsylvania.
Between 1719 and 1729, fifty Dunker families emigdafrom Germany
and settled in the United States. Since that tithe, Dunkers have
remained an isolated group, rarely marrying outsitithe sect, and the
number of individuals in their communities has afa/deen relatively
small.

The Pennsylvania frequencies were different froenftequencies of the
German population from which the Dunkers descendédw: most likely
explanation for the unique Dunker allelic frequescobserved is that
genetic drift has produced random change in the geol.
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3.2 Variation Due to Genetic Drift

The amount of variation among populations resultnogn genetic drift
is measured by theariance of allelic frequency,which equals:

pq
Sp = 2N,

Where Ne equals the effective population size, ¢ quequal the allelic
frequencies. A more useful measure is stendard error of allelic
frequency, which is the square root of the variawfcallelic frequency:

bg
S =V 2N,

The standard error can be used to calculate thec@Bftdence limits of
allelic frequency, which indicate the expected monfp in 95% of such
populations. The 95% confidence limits equal agipnately p + 2s,.
Suppose, for example, that p = 0.8 in a populatdgh N, equal to 50.
The standard error in allelic frequency is sp#Ne) = 0.04. The 95%
confidence limits for p are therefopet 2s,= 0.72< p< 0.88.

To interpret the 95% confidence limits, imaginetth@0 populations
with N of 50 have p initially equal to 0.8. Genetic tnfiay cause
allelic frequencies in some populations to chanlge;95% confidence
limits tell us that in the next generation, 95 dfe toriginal 100
populations should hayewithin the range of 0.72 to 0.88. Therefore, if
we observe a change in p greater than this, say 6@ to 0. 86, we
know that the probability that this change will acdy genetic drift is
less than 0.05. Most likely we would conclude thatne process other
than genetic drift contributed to the observed geann allelic
frequency.

3.3 Forms of Genetic Drift
3.3.1 Small Populations

Genetic drift arises when population size remaiastiouously small
over many generations. Undoubtedly, this situatisn frequent,
particularly where populations occupy marginal katisi or when
competition for resources limits population growth.In such
populations, genetic drift plays an important ratethe evolution of
allelic frequencies. Many species are spread oet avarge geographic
range. This can result in a species consistinguofierous populations
of small size, each undergoing drift independently.addition, human
intervention such as the clear cutting of foresés aesult in the
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fragmentation of previously large continuous popates into small
subdivided ones with each showing genetic drift.

3.3.2 Founder Effect

Another way in which genetic drift arises is throuigunder effect.
Founder effect occurs when a population is ingtiaktablished by a
small number of breeding individuals. Although thepulation may
subsequently grow in size and later consist of @elanumber of
individuals, the gene pool of the population isived from the genes
present in the original founders. Chance may playgnificant role in
determining which genes were present among thedfensnh and this has
a profound effect upon the gene pool of subsequgarterations.
Founder effects have frequently been used to axple subsequent
evolution of new species, but their importanceht® process of species
formation is currently under intense study and tkeba

3.3.3 Bottleneck Effect

A third form of sampling error, called bottlenecieet, also played an
important role in the population of Tristan da CanltBottleneck effect

is a form of genetic drift that occurs when a papoh is drastically

reduced in size. During such a population redactsome genes may
be lost from the gene pool as a result of chance.

You should note that bottleneck effect does noblve migration, but
can occur in form of disaster, war or other forrhaecident.

The gene pool of Tristan da Cunha has been infeetihy genetic drift
in the form of founder effect, small population esizand bottleneck
effect.

Consider the inhabitants of Tristan da Cunha, dlsiealated island in
the South Atlantic. This island was first permahesettled by William
Glass, a Scotsman, and his family in 1817. Thesej@ned by a few
additional settlers, some shipwrecked sailors,afelv women from the
distant island of St. Helena, but for the most plaetisland remained a
genetic isolate. In 1961, a volcano on TristarfCdaha erupted, and the
population of almost 300 inhabitants was evacutddthgland.

4.0 CONCLUSION
Genetic drift in small populations can result ingka chance changes in

allelic frequency. Thus, it may be the cause of ldve heterozygosity
observed in some endangered species.
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5.0 SUMMARY

As a result of small population size, chance e$fealled genetic drift
can change allelic frequency in a population andrdfore cause
evolution. It operates in populations by virtuetbéir small sizes that
cause sampling errors or/and through bottlenecki@mbder effects.

6.0 TUTOR-MARKED ASSIGNMENT
It is known that genetic drift that changes alldiiequencies affects

small populations than large populations. Whichth# populations A
and B below is likely to be more affected by gendtift?

A B
Population | Males Female | Males Female
80 120 50 150
Total 200 300
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1.0 INTRODUCTION

One of the assumptions of the Hardy-Weinberg lawthat the
population is closed and not influenced by othepypations. Many
populations are not completely isolated, howevad axchange genes
with other populations of the same species. Indiaisl migrating into a
population may introduce new alleles to the genel mmd alter the
frequencies of existing alleles. Thus migratiors lihe potential to
disrupt Hardy-Weinberg equilibrium and may influertbe evolution of
allelic frequencies within populations.

The term migration usually implies movement of angens. In

population genetics, however, we are interestedh& movement of
genes. Movement of genes takes place only wheanags or gametes
migrate, and contribute their genes to the gend pbdhe recipient

population. This process is also referred tgese flow

Gene flow has two major effects on a populationrstFit introduces

new alleles to the population. Second, when thdi@alfrequencies of

migrants and the recipient population differ, gdlv changes the
allelic frequencies within the recipient populatiohhrough exchange of
genes, different populations remain similar, andsthmigration is a
homogenising force that tends to prevent populatioom accumulating
genetic differences among them.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. define gene flow
. discuss how gene flow between populations can dotte new
alleles and, in some cases, can rapidly changecdhequencies.
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3.0 MAIN CONTENT

3.1 Evolutionary Effect of Migration or Gene Flow

To illustrate the effect of migration on alleliceffuencies, we will
consider a simple model in which gene flow occumsonly one
direction, from population | to population Il. Sugse that the frequency
of allele A in populationl (p) is 0.8 and the frequency @& in
populationll (py) is 0.5. In every generation, some individuals naig
from population 1 to population I, and these migsaare a random
sample of the genotypes in population I. After raigpn, population Il
actually consists of two groups of individuals: timegrants with pi =
0.8, and the residents wigni = 0.5. The migrants now make up a
proportion of population Il, which we designate mhe frequency oA

in population Il after migrationp(}) is:

P’y = mp + (L-mpy

We see that the frequency Afafter migration is determined by the
proportion of A alleles in the two groups that noamprise population
[I. The first component, mprepresents thA alleles in the migrants —
we multiply the proportion of the population thainsists of migrants
(m) by the allelic frequency of the migrants (@)he second component
represents tha alleles in the residents, and equals the propodiahe
population consisting of residentd-i) multiplied by the allelic
frequency in the residentp,|. Adding these two components together
gives us the allelic frequency Afin population Il after migration.

The change in allelic frequency in population lleaesult of migration:
(Ap) = p'u-Py

In the previous equation, we found thaj pqualed mp+ (1-m)y, so
the change in allelic frequency can be written as:

Ap=mp + (1-m)pi-py

Multiplying (1 — m) by p in the above equation, we obtain:

(Ap) =mp +py - mp, - Py

(Ap) =mp - py, therefore by factorisation, the final equation is:

(Ap) =m(p - )
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This final equation indicates that the change Ielial frequency from
migration depends upon two factors; the proportbrthe migrants in
the final population and the difference in alldiiequency between the
migrants and the residents. If no differences texs the allelic
frequency of migrants and residents {pp, = 0), then we can see that
the change in allelic frequency is zero. Poputaimust differ in their
allelic frequencies in order for migration to affebe makeup of the
gene pool. With continued migration, @nd p become increasingly
similar, and, as a result, the change in allekgfiency due to migration
decreases. Eventually, allelic frequencies in the populations will be
equal, and no further change will occur.

An additional point to be noted is that migratiomang populations
tends to increase the effective size of the pommunat Genetic drift
causes populations to diverge. Migration, on theeohand, reduces
divergence among populations, effectively incregsihe size of the
individual populations.

4.0 CONCLUSION

Gene flow between populations can introduce neelesdland can cause
changes in allelic structure leading to evolutignachanges in
populations.

5.0 SUMMARY

Migration between populations is known as gene fltiw effect on
allelic frequency is given byz\p) =m(p +py).

6.0 TUTOR-MARKED ASSIGNMENT

1. The gene frequency for gene ‘a’ causing albinismgatosomal
recessive trait) in the two villages (A & B) is 0dnd 0.4
respectively. The news of an impending famine cduse
representative sample of 50 migrants out of theltdi000
inhabitants of village A to leave Village A for B.

2. Determine the new gene frequency in the recipididgge after

one generation of migration (Note: ‘m’ in the forlmwepresents

the proportion and not the number of migrants).

What is the change in allelic frequency due to atign?

Hence, explain whether the recipient population hasergone

evolutionary change as a result of one generafiomgration.

how
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1.0 INTRODUCTION

In the previous units in this module, we have exsdithree major
evolutionary processes capable of changing allégguencies and
producing evolution — mutation, genetic drift, amdgration. These
processes alter the gene pool of a population, teg certainly
influence the evolution of a species. However,anah, migration and
genetic drift do not result in adaptation.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. highlight the effect of natural selection on alidliequencies
. enumerate the effect of natural selection effectewalutionary
changes.

3.0 MAIN CONTENT
3.1 Adaptation

Adaptation is the process by which traits evolvat tthake organisms
more suited to their immediate environment; thesést increase the
organism’s chances of surviving and reproducing.daptation is
responsible for the many extraordinary traits Seemature — wings that
enable a hummingbird to fly backward, leaves of giiteher plant that
capture and devour insects, brains that allow hsnaispeak, read, and
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love. These biological features and countless o#ixguisite traits are
the product of adaptation. Genetic drift, mutatiamd migration all
influence the pattern and process of adaptatioh,adaptation arises
chiefly from natural selection.

3.2 Natural Selection

Natural selection is the dominant force in the atioh of many traits

and has shaped much of the phenotypic variatiorrgbd in nature.
Natural selection can be defined as differentiaproduction of

genotypes. It simply means that individuals witht@i@ genes produce
more offspring than others; therefore those geneease in frequency
in the next generation. Through natural selecttoaits that contribute
to survival and reproduction increase over time.this way organisms
adapt to their environment.

3.3 Fitness and Coefficient of Selection

Darwinian fitness is defined as the relative repitve ability of a
genotype. An adaptive value of 1 is assigned tgeaotype that
produces the most offspring. The fithess of thleeotgenotypes is
assigned relative to this. For example, suppoatthie genotype

on the average produces 8 offspringG& produces an average of 4
offspring, and &G’ produces an average of 2 offspring. Th&t
genotype has the highest reproductive output, sdititess is 1 (MY =
1.0). Genotype & produces on the average 4 offspring for the 8
produced by the most fit genotype, so the fitnds8'&? (W,») is 4/8 =
0.5. Similarly, GG? produces 2 offspring for the 8 produced bYGG
so the fitness of &7 (W,,) is 2/8 = 0.25.

A related measure is the selection coefficient,olwhs a measure of the
relative intensity of selection against a genotypelhe selection
coefficient is symbolized by s and equals 1-W. olr example, the
selection coefficients for I&* ares = 0; for G'G?, s = 0.5 for G°G?, s=
0.75.

The change in allelic frequency that results fratural selection can be
calculated using the “table method”. Begin byitigtthe genotypes
(A'AL, A’A? and AA?) and their initial frequencies. If random mating
has just taken place, the genotypes are in Hardyy&eg proportions
and the initial frequencies apé, 2pq andg’. We then list the fitness
for each of the genotypes, ;YW Wi, and W, Now, suppose that
selection occurs and only some of the genotypewviv&ur The
contribution of each genotype to the next genematidl be equal to the
initial frequency of the genotype multiplied by fisess. For AA* this
will be p* x Wi,
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3.4 Selection against a Recessive Trait

When a trait is completely recessive, both the roeigote and the
dominant homozygote have a fitness of 1, while teeessive
homozygote has reduced fitness, as shown below:

Genotype Fitness
AA 1

Aa 1

aa 1-s

If the genotypes are initially in Hardy-Weinbergoportions, the
contribution of each genotype to the next genematwill be the
frequency times the fitness.

AA p’x1l=¢
Aa 2pq x 1 =2pq
aa oq°x (1-s) = 4 — sd

The mean fitness of the populationps+ 2pq + o — sqd. Sincep” +
2pq + o = 1, the mean fitness becomes 1 2 sod the normalized
genotypic frequencies after selection are:

A _p°
1-scf

Aa 2pq
1-sdf

aa i - sgf
1-s

Genotypic frequencies after selection.

This gives:
q = g-s§
1-s9
Ap =q' —q
= q-sf
1-sd-q

Allelic frequency after selection

and finally,

= -Sﬁ (1_9)

1-s§
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3.5 Selective Mating

Selective mating implies non-random mating betwesmbers of a
population as has been pointed out before in Uit Module 2 in this
course. Recall that deviations from random matioge about for two
reasons: choice or circumstance. If members obpulation choose
individuals of a particular phenotype as mates nooriess often than at
random, the population is engagedssortative mating If individuals
with similar phenotypes are mating more often thhrandompositive
assortative matings in force; if matings occur between individualghw
dissimilar phenotypes more often than at randoegative assortative
mating,or dissassortative matingis at work.

3.5.1 Coefficient of Inbreeding (f)

This is a measure used to determine the effectnbfeeding on
genotypic frequencies in a population. The largedtue f can take is
lwhile the least value is 0. In large, random nwajpopulations, it is
generally assumed that f is close to zero, becangeinbreeding that
may occur is between very distant relatives and thill have very little
effect on the inbreeding coefficient. The formular fdetermining
inbreeding coefficient in a population is given by:

f=(2pq —H)/2pq

Many species of plants have mating systems thdudecboth self-
fertilization and random mating. If the proportiohself-fertilisation is
high, nearly all individuals in the population skbie homozygotes.
Thus, either at the individual or the populatiorvele inbreeding
increases homozygosity. An example is the plantispévena fatuaa
highly self-fertilising species of wild oats, whichwidespread in many
areas around the Mediterranean Sea.

4.0 CONCLUSION

Natural selection can result in the eliminationdetrimental alleles by
selection against homozygotes or in the maintenahgenetic variation
by selecting for heterozygotes.

5.0 SUMMARY

Natural selection is the dominant force in the atioh of many traits
and has shaped much of the phenotypic variatiorrabd in nature.
Darwinian fitness is defined as the relative repitve ability of a
genotype.
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6.0 TUTOR-MARKED ASSIGNMENT

The data below shows the result of analysis of Rdijom Y for
incidence of ABO blood group. The ABO blood grospletermined by
3 multiple autosomal alleles’(11%, and P) at a particular locus.

Table 1a: Incidence of ABO blood group in Populatias Y

Population 1" 1” K 1°1°

Y 480 150 120

I Determine the inbreeding coefficient (F) of pégiion Y.
. Comment briefly on the implication of your amesr.

Ans: (i) The relevant formula is f = (2pg — H)/2pq

To determine 2pq: g2 = 120/750 = 0.16 therefore @4 This
implies that

p = 0.6. Therefore 2pg =2 x 0.6 x 0.4 = 0.48.

To calculate H, the observed frequency of heteroagg
individuals, we have:

H = 150/750 = 0.2. Therefore, f = (0.48 — 0.2)/048.58

iii.  The coefficient of inbreeding is quite higfhis implies that
mating between relatives (consanguineous matingdnsmon in
the population.
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