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ANP 307 COURSEGUIDE
INTRODUCTION

This course, Elementary Topics in Animal BreediAdNP 307), is a 2-
credit course designed to stimulate the interestalbf Agricultural

Science students to adopt and apply the use of ainbreeding
techniques to increase animal productivity and en$ood security in
Nigeria. It introduces the basic principles and aspts of animal
breeding for improvement of livestock to all agttawal students in the
third year. Students from other disciplines otheant Animal science
may decide to take up this area of agricultureheirt post-graduate
studies. Also, the course will provide a basic fdation for students
intending to take up animal breeding and genet&csa aareer in the
future.

The course consists of six modules and fourteeits wiich comprised
of Course Guide, objectives and history of animrakding, fundamental
principles of inheritance, variations in animalgpplation, repeatability
and heritability estimates, genes and genes aasamell as quantitative
and qualitative characters and their inheritance.

This Course Guide tells you briefly what the couiseabout. What
course materials you will be using and how you wamk your way
through these materials. In addition, it suggestesgeneral guidelines
for the amount of time you are likely to spend acleunit of the course
in order to complete it successfully. It gives yguidance in respect of
your Tutor-Marked-Assignments, which will be madeaitable in the
assignment file. There will be regular tutorialsdas that are related to
the course. It is advisable for you to attend that®ial sessions.

WHAT YOU WILL LEARN IN THISCOURSE

Elementary Topics iPAnimal Breeding (ANP 307) is a compulsory
introductory course that is design to introducesstihasic principles and
concepts of animal breeding and improvement ofstivek to all
Agricultural students in the third year. History bfeeding and the
principles that govern animal breeding will be dssed. Principles and
problems in breeding animals for disease resistandeproductivity are
discussed. Past conceptions of people about hgrdeindamental
principle of inheritance, Mendel’s work in the disery of factors of
inheritance, sex determination mechanism and seo raill be
discussed. Qualitative and Quantitative traitseliall relationships,
exceptions to Mendel's rules, application of Memalel genetics to
animal improvement and introduction of the concetkeritability and
repeatability estimates will be introduced. Diffieretypes of gene
actions; lethal or detrimental genes and their rodntill be discussed.
The scope of discussion is limited to those spedifin the course
1\
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content above. Some areas that may not be coveitethengiven as
assignments to students to explore.

COURSE AIMS
The aims of this course are:

1. To explains the pathways of animal genetic improseinthrough
the applications of principles of genetics and tieg.

2. To provide a good knowledge base to future manpoleer
genetic improvement of Nigerian livestock resourt@sards a
sustainable food production and food security.

3. Finally, the course is aimed at providing a basignidation for
students intending to take up animal breeding asmktics as a
career in the future.

COURSE OBJECTIVES

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

. define some important concept in animal breeding;

. explain the historical perspective and objectives amimal
breeding;

. explain the fundamental principles of inheritance animal
breeding;

) list and explain the types, causes and measurerotmtgiations

in animal populations;
) explain the concepts of repeatability and heritgbiand their

estimation;

) explain different types of genes and genes actioh a

o differentiate between quantitative and qualitatolearacters in
animal.

WORKING THROUGH THE COURSE

For a maximum benefits from the course and for §@asping of many
of the breeding concepts, the course requiresytiashould be familiar
with basic cell structures and the structures éin@atimportant in heredity
which include the genes, chromosome, and diffetgpes of gene
actions, you should also refresh your memorieshenbasic probability
theories and some basic knowledge in algebra.

Being a course that involves calculation, the ceuequires that each
student for the course has a computer system wighoo two different
analytical software (SAS, SPSS, Matlab etc.) thah ccalculate

\
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variances
repeatability. There will

in the

COURSEGUIDE

introduction of estimation of tadility and
be tutorials of which youutor will

communicate the dates and time to you, failurettend the tutorial
classes could result in you having an incompleaelgr

COURSE MATERIALS

The main components of the course are:

akrwpPE

Course Guide

Study Units
References
Assignments
Presentation Schedule

STUDY MODULESAND UNITS

In this course, there are six modules and fourtstedy units.

The

modules and units are presented thus:

Module 1

Unit 1
Unit 2

Module 2

Unit 1

Unit 2

Module 3
Unit 1
Unit 2
Unit 3
Unit 4
Module 4
Unit 1

Unit 2

\'!

Objectives and History of Animal Breeding

Definition of Terms and Objectives of Anihizreeding
History of Animal Breeding

Principles and Problems in Breeding Animals for
Disease Resistance and Productivity

Principles and Problems
increased Productivity
Principles and Problems in Breeding Animials Disease
Resistance

in Breeding Animaler

Fundamental Principlesof Inheritance

Historical Perspectives of Principles cdrigdity
Mendel's laws and Principles of Inheritanc

Types of Gene action and Exceptions to diédian Ratio
Sex Determination Mechanism

Traits Charactersand their Inheritancein Animals
Qualitative and Quantitative characters arideir

inheritance
Gene and Gene Types
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Module5 Variation and its Statistical M easurements
Unit 1 Variations in Animal population
Unit 2 Measurements of Variation

Module6 Heritability and Repeatability
Unit 1 Heritability
Unit 2 Repeatability

Every unit contains a list of references and furtieading. You should
try and get the textbooks and materials listed. e Téxtbooks and
materials are meant to deepen your knowledge ofdhese.

Apart from the print course material, you will ejydnave the soft copy
of the material in NOUN web sit@ww.nou.edu.ng When you get to
the site, click on courseware and select this @urs

This course will be facilitated through face-todaat the study centers
and also through online i-Learn platform. In thatjporm, you will
receive both synchronous and asynchronous famiitst To get to i-
learn platform, click omvww.nou.edu.ngand click on i-Learn

PRESENTATION SCHEDULE

Your course material gives you important schedwe the timely
completion and submission of your tutor-markedgssients and
attending tutorials. Remember that you would lpiired to submit all
your assignments and practical log books at a lstipdl time. Make
sure you submit them on time to your facilitatordt.

ASSESSMENT

There are four aspects to the assessment of theecdtirst are self-

assessment exercises, second are the Tutor-Markesigmnents

(TMASs), third is practical and the fourth is a et examination. All of

these are very important for successful completibthe course and are
therefore, allotted marks accordingly.

The assignments and practical log books must benisigtol to your tutor
for assessment in accordance with the deadlinetedstin the
presentation schedule and the assignment file.wdr& you submit to
your tutor for assessment will count for 30% of ytatal course mark.
At the end of the course, you will be requireditda final examination
of two hours duration. This examination will codot 70% of your total
course mark. You are expected to apply informatiomgwledge and
techniques acquired during the course in tacklhg dassignments and
the exam questions.
Vil
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TUTOR-MARKED ASSIGNMENT

Tutor-Marked Assignments (TMAs) account for 30 pent of your
total course work. There are seven hours tutor-athrkssignments in
this course. You are to submit only five of theegassignments to your
Facilitator/Tutor for grading. You are encouraghdyever, to submit
all eight assignments in which case the best fiM@eight assignments
will be counted. The Tutor-Marked-Assignments (TNAsiestions for
the units in this course are contained in the assant file. When you
have completed each assignment, send it, togetileramd MA form to
your Tutor. Make sure that each assignment reagbes tutor on or
before the deadline given in the presentation sdleednd assignment
file. If for any reason, you cannot complete yowrkvon time, contact
your tutor before the assignment is due to distlisspossibility of an
extension. Otherwise, extension will not be grarafteér the due date
unless in exceptional cases.

The assignments would be marked and returned tdoroyour review.
The course materials and suggested further readfegences will assist
learners to complete their assignments and prepdoed final
examination. You are however; advised to undertakdependent
reading of relevant materials, extract useful mifithe totality of your
comprehension of the subject matter from the stutts, references and
other relevant materials would broaden your undedihg to address
problems and give professionals insights and malctskills to the
subject of animal breeding.

PRACTICAL ASSIGNMENT

There are six practicals (one at the end of eaclluedYou are
expected to conduct 4 out of the 6 practicals awbnd them in your
practical log books. The log books are to be suleahifor grading as
part of your assessment. The practical assignmeuatdaaccount for 20
per cent of your total course work.

FINAL EXAMINATION AND GRADING

The final examination at the end of this coursd Wwidld for about 2

hours and it will be graded on a score of 50 peit @ total course

work. The examination questions will reflect undensling of the

subject matter or topics discussed in this couratenal. As much as
possible the entire course content will be covearedhe assessment,
sound grasp of every discussion on the main cortteough reading

formalisation with reference materials may be vieegjpful to you. A

revision of TMAs and comments of facilitators prtorthe examination
Is strongly advised.

Vil
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COURSE MARKING SCHEME

The following table shows how the actual coursekingris broken
down.

Assessment Marks

Tutor-Marked Assignment 1-8 Select the best 5 at €86h =
30%

Practical 4 practical at 5% each = 20%

Final Exams Account for 50% of the total
course work

Total marks 100% of the course work

COURSE OVERVIEW
This table brings together the modules and unite Aumber of weeks
you should take to complete them and the assignthantollows them.

Module | Unit | Course Guide Activity | Assignment
1 1 Definition of Terms andl 1
Objectives of Anima
Breeding
2 History of Animal Breeding 1 1
2 3 Principles and Problems |id 2
Breeding Animals for increase
Productivity
4 Principles and Problems |l 2
Breeding Animals for Disease
Resistance
3 5 Historical Perspectives pi 3
Principles of Heredity
6 Mendel's Laws and Principleg 3
of Inheritance
7 Types of Gene action and 4
Exceptions to Mendelian
Ratio
8 Sex Determinationl 4
Mechanism
4 9 Qualitative and Quantitatiyel 5
Characters and thelr
Inheritance
10 | Gene and Gene types 1 5
5 11 | Variations in Animal 1 6
Population
12 Measurements of Variation 1 6
13 Heritability 1 7
14 | Repeatability 1 7
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HOW TO GET THE MOST FROM THIS COURSE

One of the great advantages of distant learningpas it is flexible in

such a way that you can read and work through pleeially designed
study materials at your own pace and at a timepdacke of your choice.
It tries to marry between your work and study scitedl

The study unit tells you when to read your othetemals. In addition,
the study units provide exercise for you to doggirapriate point. Each
of the study unit follows a common sequence. Thst ftem in the
sequence is an introduction to the subject maftéhe unit and how a
particular unit is integrated with the other umtahe course as a whole.
Next is a set of learning objectives, which endééners to know what
they are expected to achieved at the end of eath (ou should use
these objectives as a guide in your study. Whenhgue completed the
unit, you must go back and check whether you haleesed the set
objectives as this will significantly improve youlearning and
comprehension of the course materials. The mairy bddthe units
guides you through the required reading sectiodsfiemm other sources.
Self-assessment tests (exercises) are interptatedigihout the units and
answers are given at the end of the units. Workimmgugh these tests
will help you to achieve the objectives of the uaitd prepare you for
the assignments and the examination. You shouldenske you
attempt each self-tests in each of the study doit't skip any. There
will also be numerous examples given in the studaysuWork through
these when you come across them in the courseialater

The following is a practical approach for workigdugh the course. If
you run into any difficulty, don’t hesitate to calbur facilitator for
assistant.

1. Study this Course Guide carefully.

2. Organise a study schedule, which is most converfiantou.
Refer to the course overview for more details. Whet method
you choose you should decide on and write your dates for
working each unit.

3. Once you create your own study schedule do everythou can
to stick to it. The major reason that makes stuglemftail is that
they get behind with their course work.

4. Use the unit to guide your reading. Note the tinw are
expected to spend on each unit and how the assigamadate to
the units.

5. Assemble the reading materials. Information abduwtvwwou need
for a unit is given in “time overview” at the beging of each
unit. You will almost always need both the studyt you are
working on and one of your references on your ddske same
time.
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6. Work through the unit, the content of the unit litdeas been
arranged to provide a sequence for you to follow.y&u work
through the units you will be instructed to readtesms from
other sources.

7. Well before the relevant schedule dates check wssrgnment
file and make sure you attend to the next requassignment
keeping in mind that you will learn a lot by doinipe
assignments carefully. They have been designed|pyou meet
the objectives of the course and therefore wilphgdu pass the
examination. Submit all assignments not later ttreenschedule
date.

8. When you have submitted an assignment to your témor
marking, do not wait for its return before startmgthe next unit.
Keep to your schedule.

9. When the assignment is returned, pay particulanatn to your
tutor's comments. Both on the Tutor-Marked Assignmirm
and also written on the assignment. Consult youar tas soon as
possible if you have any questions or problems.

10. After completing the last unit, review the coursed gorepare
yourself for the final examination. Check that yoave achieved
the unit objectives (listed at the beginning ofeaait) and the
course objectives (listed in the course guide).

11. Visit information e.g. details of your tutorialscthe date of the
first day of the semester will be made availableuYheed to
gather together all this information writes thenyour diary or a
wall calendar.

TUTORSAND TUTORIALS

Fourteen (14) hours tutorials have been slated dsis@a you in

assimilating this course, you will be notified dfet dates, times and
location of these tutorials as well as the named eontact phone
number(s) of your tutor as soon as you are assigrtuitorial group.

You must mail your tutor-marked assignment to yauor before the

schedule date (at least two working days are reduirThey will be

marked by your tutor and returned to you as soquoasible.

Do not hesitate to contact your tutor by either mEhoe-mail or
discussion board if you need help.

The following might be circumstances in which yooul find help
necessary.

Contact your tutor if:
1. You do not understand any part of the study unitthe assigned
readings.

Xi
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2. You have difficulty with the self-test or TMAs
3. You have a question or problem with an assignmentith the
grading of an assignment.

You should try your best to attend the tutorialsisTis the only chance
to have face to face contact with your tutor an@dk questions which
are will be answered instantly. You can raise armplem encountered
in the course of your study. To gain the maximumebg from course
tutorials prepare a question list before attendivm. You will learn a
lot from participating in discussing actively.

SUMMARY

Elementary Topics irAnimal Breeding is a compulsory introductory
course that is design to introduce the basic grlesiand concepts of
animal breeding and improvement of livestock to Aljricultural
students in the third year.

Upon completion of this course, learners will beipged with the basic
knowledge of the concepts, scope, principles acdlnigues of breeding
farm animals for increase productivity and diseasesistance. In
addition, learners will be able to answer such tjoess:

o Explain briefly the concept of animal breeding.

) State the basic aim and objectives of animal bregdi

. Briefly explain the principles and problems in lieg animals
for increase production and disease resistance

. Enumerate the reasons why Bakewell is consideredatnder
of systematic modern breeding

o List some ancient theories of inheritance prioth& discovery of
Mendel’s work

. State two laws of Gregor Mendel

. Enumerate some reasons that made Mendel's reseewdh
unique compare to the other early theories

o States some implication of Mendel's work

) Briefly explain some exceptions to classical Meratetatios

) Briefly explain the systems of sex determinationm@ammals,
insect and avian

o Explain the differences between qualitative andhgjtetive traits

o Identify qualitative and quantitative traits inri@animals

) What is lethal or detrimental genes and how caw tigecontrol

) List and explain the types and causes of variatioranimal
population

o How can you measure variation in farm animals

o Define heritability and repeatability
Xil
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. States the importance of heritability and repeétgbi

The list of the questions that you can answer islinated to the one
listed above. We wish you success in the coursehapé that you will
find it very interesting and useful.

Xiii
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ANP 307 MODULE 1

MODULE 1 OBJECTIVES AND HISTORY OF
ANIMAL BREEDING

Unit 1 Definition of Terms and Objectives of AralrBreeding
Unit 2 History of Animal Breeding

UNIT 1 DEFINITION OF TERMS AND OBJECTIVES
OF ANIMAL BREEDING

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Definition of Terms in Animal Breeding
3.1.1 Common Terms used in Animal Breeding
3.2 Aim and Objectives of Animal Breeding
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Apart from the interest of esthetic and fanciesoges, Animal breeding
is an economic undertaking. As such, the breedoaisgand programme
need to be determine with proper consideration hed €conomic
concerns dictated by the system of management amnkiemfor the end
products.

20 OBJECTIVES

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

o explain the meaning of breeding and animal bregdin
o define important basic terms in animal breeding
. state the general and specific objectives of anbregding.

3.0 MAIN CONTENT
3.1 Definition and Scope of Animal Breeding

What is breeding? : It is the production of plants and animals,
especially for the purpose of developing new otdrelypes. Breeding
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can be done in both plants and animals as in dagrimals it is called
animal breeding or livestock breeding.

Animal breeding therefore, is the application of scientific knodde to
the genetic improvement of animals. For better wstdading of the
meaning of breeding we need to know what genetidSenetics is the
branch of biology that deals with the study of lase (similarity) and
genetic variations (differences). Genetics studw Hiwing organisms
inherit features from their ancestors. It triesdentify which features
are inherited, and work out the details of how ¢hiEatures are passed
from generation to generation. Therefore, animatebting is the
application of genetic principles in the developmehnew breeds of
animals with improved characteristics. Genetic @ples are employed
in the improvement of animals through selection amating. Genetic
principles are utilise and synthesised into bregdmnogrammes and
breeding programmes involves system of managemenivell as
systems of breeding.

3.1.1 Common Terms Used in Animal Breeding

Gene-is the basic unit of heredity, which carries genatformation
from parents to offspring or from generation to g@tion.

Alleles-is an alternate form of a gene; two genes thaipcthe same
position or locus in a homologous chromosomes angrcthe same
trait.

Locus - a fixed location on a strand of DNA where a genene of its
alleles is located.

Homozygous - having identical genes (one from each parent)afo
particular characteristic.

Heterozygous - having two different genes for a particular
characteristic.

Dominant - the trait that appears in the heterozygous ¢mmdiand
masked the effect of the other.

Recessive - the trait that is masked in the heterozygous ttimmd
Phenotype — the physical expression or appearance of amga

Genotype - genetic makeup or genetic composition of an risya.
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Hybrid- the offspring of parents which are geneticallygtor one or
more pairs of different hereditary factors.

F.: first filial generation form from a given matin@ge the hybrid),
offspring from mating the ;Fjeneration are the,Btc

Monohybrid cross - cross involving a single pair of genes, or aad.t
Dihybrid cross- cross involving two pairs of gene or traits.

Segregation : separation of members of a pair of gene at tmme
formation.

3.2 Aim and Objectivesof Animal Breeding

The aim of any breeding programme is to geneticatigrove one or
more traits of economic importance. The choice fté appropriate
breeding programme depends on the degree of inhedf the selection
pressure and the generation interval. Hence tké gtep in developing
an improvement programme is to define the breedoais or objectives
and device techniques appropriate for their measainé Although

breeding objectives are peculiar to the types anggse for which the
animals are breed. However the basic objectiveanohal breeding are
to enhance the efficiency of production and qualityhe product for the
ultimate consumer through well planned genetic angironmental

improvement.

The specific objectives of Animal Breeding are to:

1. Improved growth rate

2. Increase production of animal and animal products railk,
meat, egg, wool etc

3. Improve quality of animals and their products

4. Improved resistance to various diseases

5. Increase productive life span of the animals

6. Increase the reproductive rate

SELF-ASSESSMENT EXERCISE

I.  Genetic principles are synthesised into--------------=--==-===mo---

ii. Breeding programmes involves system oOf ---------------- and
systems of -

lii. In animal breeding, the choice of appropridteeding programme
depends on: a. --------------=------- o —
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40 CONCLUSION

This unit highlighted the meaning of the conceptsbeeeding and
animal breeding, the aim and objectives of anint&eding and the
choice of the appropriate breeding programme whiepends on the
degree of inheritance, the selection pressure laadjéneration interval
of the animals

5.0 SUMMARY

Animal breeding, which is the application of scigatknowledge to the
genetic improvement of animals, evolves overtimefdion the basic
principles to which modern animal breeding is bgingcticed. The first
step in developing an improvement programme iefond the breeding
goals or objectives and device techniques appripri@r their

measurement. Although breeding objectives are adol the types and
purpose for which the animals are breed, howewer basic objectives
of animal breeding are to enhance the efficiencypaiduction and
guality of the product for the ultimate consumenotigh well planned
genetic and environmental improvement.

6.0 TUTOR-MARKED ASSIGNMENT

1. Briefly explain the concept of animal breeding.

2. State the aim and basic objectives of animal bregdi

3 Define the following terms: i. Gene, ii. Allele .iiGenotype, iv.
Phenotype, v. Dominant, vi. Recessive, vii. Hybridiji.
Homozygote, ix. Heterozygote

7.0 REFERENCESFURTHER READING

Legate, J.E. & Warwick, E.J. (1990Breeding and Improvement of
Farm Animals Singapore: McGraw-Hill Publishing Company.

Malcolm, B. W. (1998).Dalton’s Introduction to Practical Animal
Breeding (2“' ed.). London Edinburgh Boston: Blackwell
Scientific Publication.

Payne, W.J.A. & Wilson, R.T (1999An Introduction to Animal
Husbandry in the Tropicg5"ed.). Wiley-VCH, Germany.
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UNIT 2 HISTORY OF ANIMAL BREEDING
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main content
3.1 Historical Background of Animal Breeding
3.2 Reasons why Bakewell is Consider the Founder of
Modern Systematic Animal Breeding
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Long before the appearance of the science thavisaalled “Genetics”,
animal breeding had been practiced by humans follgpwntuitive
criteria, although less efficient than the pressaientific ones, but
criteria that had provide success along many géonagsaof selection.
Under this unit we will examine a brief historidceckground of animal
breeding.

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

. give a brief historical background of animal breegi
) explain how modern systematic breeding started.

3.0 MAINCONTENT

3.1 Historical Background of Animal Breeding

The science of animal breeding is defined as thaicgtion of the
principles of genetics to improve the efficiency gbduction in farm
animals. These principles were applied to changmalnpopulations
thousands of years before the sciences of genetam® formally
established. The practice of animal breeding dadek to the Neolithic
period (approximately 7000 BC), when people attempo domesticate
wild species such as, goats, hogs, horse and dégs's attempts to
breed livestock to serve his purpose go far batk iman's own history.
More than a thousand years ago, the Arabs in bwese breeding were
memorising the genealogies of their horses buinye they used these
genealogies to breed their horses is not knowrerAfte Second World

5
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War, several regional projects, patterned after shecessful regional
swine-breeding laboratory, were started with adegudanding from

state experiment stations and the U.S. Departmémigoiculture to

initiate some large-scale animal breeding reseprofects. Today, the
fruits of these long-term investigations are seerthie dairy, poultry,
swine, sheep and beef industries. The extent oédimg technology
utilised by the various industries is related teitmeproductive potential
or to a reproductive innovation such as artifiarslemination. However,
modern breeding practices started with the seffitauvork of Robert
Bakewell (1725-1795), who produced new breeds aad & high

reputation as a breeder. Robert Bakewell, an Bmgirsmal breeder of
the 18th century, is considered the founder of esyatic animal

breeding. He was the first to emphasise the impoeaof accurate
breeding records, introduced the concept of progesting to evaluate
the genetic potentials of young sires, and apphédeeding to stabilise
desired qualitative traits. He focused his workhea performances of his
cattle and sheep, hiring rams, recording the afigpand keeping the
sons of the best males. He fixed few and clear dingeobjectives

mating the best females with the best males. Heaya®ponent of the
concepts such as "like begets like, prepotency sso@ated with
inbreeding” and "breed the best to the best." Balewnd his

contemporaries in Europe pioneered the developwlediverse breeds
of beef cattle, dairy cattle, sheep, hogs and Isoidest livestock breeds
with pedigree herd books and breed associations vestablished
between the late 18th century and the second Hhalieo19th century.
However, he disregarded the damaging effects atetding and due to
this, he had fertility troubles with his new breedsit he is still

considered as the first farmer practicing modetimahbreeding.

3.2 Reasons why Bakewell is considered the Founder of
Modern Systematic Animal Breeding

. He fixed few and clear breeding objectives.

o He kept and used accurate breeding records to hiefpin
making breeding decision.

. He used progeny testing to evaluate the genetiengals of
young sires.

o He applied inbreeding to stabilise desired quiahetraits.
SELF-ASSESSMENT EXERCISE

I Who first introduced the concept of progenytites in animal
breeding?

. Bakewell was a proponent of 3 concepts. Lhgm.

iii.  What was the limitation of Bakewell breedipgogramme?
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40 CONCLUSION

Robert Bakewell, an English animal breeder, is wmred the founder
of modern systematic animal breeding.

5.0 SUMMARY

The principles of animal genetics were applied tmnge animal
populations thousands of years before the scientagenetics were
formally established. This came with the self-tauglork of Robert
Bakewell (1725-1795), who produced new breeds aad & high
reputation as a breeder. He was a proponent ofottwaving concepts
such as "like begets like, prepotency is associafédinbreeding” and
"breed the best to the best.

6.0 TUTOR-MARKED ASSIGNMENT

1. Who is the founder of systematic modern breeding?

2. State 3 reasons why Robert Bakewell is considéredaunder of
systematic modern breeding.

3. Collect and make a photo album of indigenous easypf
chicken, ducks and turkey.
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1.0 INTRODUCTION

The techniques for the improvement of animals imgoprinciples of
selection based on quantitative variations. Itaspossible for all of the
desirable traits to be obtained in one individddde successful product
must contain maximum number of desirable traits andninimum
number of undesirable traits.

20 OBJECTIVES

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

. explain principles that are involves in breedingnaals for
increase productivity
) list some problems associated with breeding anifiealgcrease

productivity.
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3.0 MAINCONTENT

3.1 Principleof Animal Breeding for Increase Productivity

A major principle of animal breeding is to selebbde animals to
become parents that will improve the genetic l@véhe next generation
the most. For this purpose there is need to ideatiimals with the best
genes that can influence the performance of thepoffg. In most
situations, this involves finding animals with thest additive genetic
effects.

The animal breeder is not seeking to alter thereatf the normal
population, but to increase the frequency of thseirdd genes and
reduced the frequency of the undesired ones. Tipeowement in the
desirable traits due to selection stems directymfrchanges in the
frequency genes influencing the traits. Most of tats of economic
importance in farm animals are quantitative in matuand they
possesses the following characteristics

1. They are influenced by many genes (multipleegeffect), most
of which probably have small effects individually.
2. They expression of the quantitative genes isditimned by

environmental effects, as such they have a corgidlisgribution
with no sharp demarcation between ‘good’ and ‘bad’

The genetic change that can be attained dependsxamber of factors.
First of all, the traits that are to be improvedsinshow additive genetic
variation, and we need to be able to identify tlestlanimals. It also
matters how many traits we include in the breedgwmpl, what
proportion of animals that are selected, how intehg they are used,
how long the generation interval will be, etc.

Moreover, we need to be aware of the potentialtexce of genotype-
environment interactions, and that a specific ggmots not always the
best one in all environments. A good knowledge anderstanding of
various factors influencing genetic progress andv itbey can be
optimised is crucial in designing a successful threg programme.

The initial task in estimating the progress whiem de expected from
selection for any trait is to obtain an accurat@ege of the average or
additive breeding values of the animals availalde delection. The
breeding values of the individual are predicted nfroavailable
information, such as their own performance and rthelatives’
performance.
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Breeders are aware that certain characters, elipettia quantitative
characters seem to be related to each other, wheselection for
improvement in one trait may affect other traitther positively or
negatively. For example selection for increasechevitheight would
likely lead to increase body weight. Also, selectior increase milk
yield is likely to reduce the milk fat content.

Generally, the genetic progress per generation fsefaction depends
upon the genetic superiority of the animals setktbebe parents of the
next generation, as compared to the average ofathals in the
population from which they are selected. Mathenadliic

AG =Gs—G

Where:AG = genetic superiority of the selected individuals
Gs= average breeding values of selected individual

G = average breeding value of the population fronicivithe selected
individuals were drawn.

Since we do not know exactly the breeding or genetilues of the
animals for quantitative traits, we must use tpéienotype measures for
selection. Hence, only the heritable fraction (fadmiity) of the
phenotypic superiority can be expected to be tratsinto the next
generation:

AG = h?xPs — P

Where4G= expected genetic change
h? = heritability of trait under selection

Ps — P = selection deferential or difference between niean of the
selected parentsP§) and average of the populatio®)(for their
generation

The rate of improvement in performance or genediich grom selection
during a generation is dependent on three compsnémse are
heritability, selection differential and generatiomterval. They are
combined to measure progress due to selectioruas th

Genetic gain/generation = heritability x selectibfierential

heritability x selection dif ferentials

Genetic gain /year
h?xSD
GI

generation interval

Genetic gain =

10
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These equations are the core of all animal impr@rgnMaximum gain
will result when the hand SD are high and Gl is low. Therefore, any
factor that will increase the heritability and stien differential or
reduce the generation interval will improve the gj@ngain of the trait
under selection.

Heritability (i) expresses the part of the superiority of the mare
which on an average is passed to the offspring

The Selection differential (SD) is define as thpesiority of the animals
selected to be parents over of the mean of thelagtpoa from which
they are selected

Generation interval (Gl) is defined as the average of the parents
when their progeny are born.

3.2 Problemsin Breeding Animal for Increase Productivity

The major problem in breeding animals for increasmluctivity is that
many traits of economic importance in animals aegpemdent on the
interaction of multiple genes. When attempts arelenanly to increase
in one of these traits the other traits may deptecor at worst the
animal may die. That is if only one character isetafor improvement
in the animals; the other characters will degereoatresult in harmful
effects. Hence at the time of selection all theirdbte characters are to
be taken into consideration. For example, seledtorincrease in egg
size in fowls resulted in the progeny that produlexd numbers of eggs
or even they die sometimes.

Unlike qualitative traits, it is almost impossilie identify individual
gene effect on quantitative or metric trait. Thilg seeming inability to
discretely identify the genes involve in a quaniifa traits brings a lot
of frustration to animal breeders.

Genes at individual loci may have differing magd# of influence, and
environmental effect may further obscure the ddfees between the
phenotypic expressions of the different genotypesause most of the
economic traits are highly influenced by environtaéfactors

Another major problem with animal breeding is thadt genetic —
environment interaction whereby animal selected ainparticular
environment may not perform well in another diffgrenvironment. For
example, would the dairy cattle selected under &gatp conditions be
more useful in tropical conditions than dairy @tlictually selected in
the tropics?

11
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40 CONCLUSION

The major tool to achieve genetic improvement issétect the best
animals as parents to produce the next generddowever, the major
problem in breeding animals for increase produistiig that many traits
of economic importance in animals are dependerthennteraction of
multiple genes.

5.0 SUMMARY

The ultimate goal of a breeding program is genatgrovement of traits
defined in the breeding objective for the animapydation. The major
tool to achieve this is to select the best aniraalparents to produce the
next generation, and among those parents alsoaegicth ones should
have the largest number of offspring. With sucadssetlection, the
progeny generation will on average be better thenaverage of the
population from which the parents were chosen -ersetic progress is
obtained.

6.0 TUTOR- MARKED ASSIGNMENT

1. List the three components that determine the lefgkenetic gain
that can be achieved from selection during a géioera

2. Briefly highlight problems associated with breediagimal for
increase production.
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1.0 INTRODUCTION

Improved animal health is one of the major objexgivin animal

breeding strategies. Selection for genetic diseasistance provides a
potential avenue for improving the health statusfafm animals,

increasing productivity and reducing the need fdrarmaceutical

intervention, in this way reducing costs and delgythe appearance of
resistant pathogens. Understanding the biologidakiples of disease
heredity and resistance to disease is a preregdi@iithe incorporation

of these factors into multi-trait breeding prograesn

20 OBJECTIVES

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

o explain the principle that is involves in breediagimals for
disease resistance

. highlight some problems associated with breeding disease
resistance.

3.0 MAINCONTENT

3.1 Principleof Breeding Animalsfor Disease Resistance

Breeding for disease resistance (rather than déngodisease with
expensive drugs) continues to be topical with awmgrg interest in
sustainable livestock farming. Animal breeders habecome
increasingly interested in breeding strategies diatamproving disease
resistance in farm animals, as this lessens fardegendent on the use
of drugs at a time when there is concern about thgh usage in animal
to be used for food products. There has also beececn at the level of

13
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drugs resistance by many disease organisms ancb#teof veterinary
drugs in developing countries

There are basically two approaches to achieve this.

1. Phenotypic selection approaches for genetic disease resistance:
Improvement in disease resistance by artificialec@n has been
demonstrated in experimental work as well as in ektin animal
species. Conventional selection for disease registaesults mostly in
guantitative improvement in resistance without majbanges in the
mechanisms. Disease resistance traits fulfill th#ema used for
incorporation of a trait into a breeding programi@mce selection is an
evolutionary process, the incorporation of healiteda into breeding
programmes must be based on an understanding oévblaitionary
aspects of inherited disease as well as of resistendisease. However,
low heritability of disease traits and correlationsh resistance to other
diseases and production traits are the major higitlisadvantages of
conventional breeding methods.

2. Genomic approachesto theimprovement of disease resistance; the
criterion for selection is shifted from phenotypigaexpressed disease
status to allele status at the DNA level. This motiselection is termed
'marker-assisted selection (MAS). In principle, MA&n enable
selection for disease resistance without exposurdigease challenge
and allows highly accurate selection which is uectéd by
environmental factors. Thus, MAS provides an oshiysfeasible
approach to selection for genetic disease resistanfarm animals. The
realisation of this potential in practice requities following:

a. Comprehensive genome maps of the various fanmeh species

b. Genomic analysis of the resistance trait, legdo mapping and
identification of disease resistance loci (DRL)

C. Incorporation of genomic information on DRL whi are

identified and mapped in this way within the feamork of an
MAS genetic improvement programme.

SELF-ASSESSMENT EXERCISE

List 3 advantages of genomic selection for diseasestance over the
conventional phenotypic selection

3.2 Problemsin Breeding Animal for Disease Resistance

Some of the challenges involved in conventionakieg for disease
resistance include:

14
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o Deliberate and concerted selection for diseassteggie requires
deliberate exposure of the animals to the diseamesing
organism, a practice that presents many practiodl ethical
challenges in animal welfare

. A system of challenging animals of every generatiowough the
use of a live, virulent organism would be necessasya result,
high death or debility rates would be almost certaitil resistant
animals are located, or unless indirect or preferadhrect
markers for genes contributing to genetic variailomesistance
are identified.

. Breeding for disease resistance would likely bey\etpensive,
unless physiological indicators of resistance colkd used in
selection.

. An indirect consequence may be the fact that geletdr disease

resistance would reduce or eliminate possibiliGéselecting for
other desirable traits due to genes interaction.

. The implication of selection for disease resistaoae be wider
than just it effect on the trait and population ergbing selection.
) Some school of thought argued that resistancehhsatevolved

naturally during the course of evolution of a bregedikely to
present greater challenges to a pathogen thartamsgsthat has
been created by artificial selection within a p@pwin during a
relatively few generations.

o The more successful selection for increasing ékellof disease
resistance in a population, the greater will berthtiral selection
imposed on the pathogens to evolved in such a wmayoa
overcome the resistance.

40 CONCLUSION

Breeding for disease resistance is possible thrdbghuse of both the
conventional selection and genomic approaches d@emgion the specie
of animal, however there are many challenges assatiwith breeding
animals for disease resistance. This include dthiballenges, cost,
genes interaction, etc

50 SUMMARY

Selection for genetic disease resistance providestential avenue for
improving the health status of farm animals, insieg@ productivity and
reducing the need for pharmaceutical interventidrerefore, improved
animal health is a major objective in current anibraeding strategies.
Understanding the biological principles of diseakeredity and
resistance to disease is a prerequisite for therpocation of these
factors into multi-trait breeding programmes. Camt@al selection
and genomic selection are the major approacheshie\ang the goal of

15



ANP 307 ELEMENTARY TOPICS IN ANIMAIEBRING

breeding for disease resistance. The problemserdimg animals for
disease resistance range from ethical challenge®dband polygenic
gene effect.

6.0 TUTOR- MARKED ASSIGNMENT

1. Highlight two major approaches of breeding alsrfor disease
resistance
2. List 4 challenges in breeding animals for dsgei@sistance

Practical: Collect and make a photo album of indigenous e@styqf
Muscovy, pigeon and guinea fowls
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1.0 INTRODUCTION

The lack of a theory explaining inheritance slowedwn animal

breeding for many years, but the rediscovery of d&¢s rules at the
beginning of the 20th century and the developmédnguantitative

genetics in the 1920s and 1930s animal breedingttadools needed
for its development. Characters or traits are tratted from parents to
offspring or from one generation to another withouich change by
inheritance. In this unit, we shall examine undedy principles of

inheritance as well as the various Laws of inhegéa

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

explain some early theories about heredity

name the early proponent of heredity studies

state two laws of Mendel

state some implications of Mendelian genetics
highlight the major significant findings of Mendelsearch.

17
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3.0 MAIN CONTENT
3.1 Historical Background of Heredity

For much of human history people were unaware @fkthentific details
of how animals conceived and give birth to youngsrand how
heredity worked. Clearly they were conceived, alearty there were
some hereditary connection between parents angroffs but the
mechanisms were not readily apparent. Differerdsdgere put forward
at different times about the mode of transmissiboharacter from one
generation to another by philosophers:

1. Hippocrates speculated that "seeds" were produgedabous
body parts and transmitted to offspring at the toheonception

2. Aristotle postulated that the male and female routions are
not equal, and that, while the female contributesl matter, the
male contributed the emotion

3. Aeschylus, in 458 BC, proposed the male as thenpangth the
female as a "nurse for the young life sown withém"h

4. During the 1700s, Dutch Microscopist Anton van Lweohoek
(1632-1723) discovered what he called "animalcules"the
sperm of humans and other animals.

5. Some scientists speculated that they saw a "litlan"
(homunculus) inside each sperm. These scientisted a
school of thought known as the "Spermists”. Theyteoded that
the only contributions of the female to the nexne@ation were
the womb in which the homunculus grew, and prenathalences
of the womb.

6. An opposing school of thought, the “Ovists”, bebévthat the
future human was in the egg, and that sperm mestetyulated
the growth of the egg. Ovists thought women carresgys
containing boy and girl children, and that the gandf the
offspring was determined well before conception.

7. Pangenesis was an idea that males and females dorme
“pangenes” in every organ. These pangenes subsbgoeved
through their blood to the genitals and then todhiédren. The
concept originated with the ancient Greeks anduerfted
biology until little over 100 years ago. The termislood
relative”, "full-blooded”, and "royal blood" are licts of
pangenesis. Francis Galton, Charles Darwin's cpusin
experimentally tested and disproved pangenesisgltine 1870s.

8. Blending theories of inheritance supplanted ther@msts and
Ovists during the 19th century. The blending theprgposed
that the mixture of sperm and egg resulted in pngghat were”
blend" of two parents' characteristics. Sex celle &nown
collectively as gametesgémos Greek, meaning marriage).

18
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According to the blenders, when a black furred ahimates with
white furred animal, you would expect all resultipgogeny

would be gray (a color intermediate between blac#f white).

This is often not the case. Blending theories igrararacteristics
skipping a generation.

9. Charles Darwin had to deal with the implicationsbéénding in
his theory of evolution. He was forced to recogriending as
not important (or at least not the major principld suggested
that science of the mid-1800s had not yet got treect answer.
That answer came from a contemporary, Gregor Mendel
although Darwin apparently never knew of Mendebskwy

3.2 Mendelian Perspective of Heredity

While we are discussing Mendel, we need to undedstae context of
his times as well as how his work fits into the rmod science of
genetics.

An Austrian monk, Gregory Mendel, developed the damental
principles that became the modern science of genetMendel
demonstrated that heritable properties are parasiédh discrete units,
independently inherited. These eventually were ¢grgenes. Mendel's
experimental organism was a common garden paauifisativury
which has a flower that lends itself to self-pdlilon. Mendel tested all
34 varieties of peas available to him through séealers. The garden
peas were planted and studied for eight years. Ehahacter studied
had two distinct forms, such as tall or short plaetght, smooth or
wrinkled seeds. Mendel's experiments used some0@8p@a plants.
Some of Mendel's traits as expressed in gardengagabe found in The
Science of Biology, 4th Edition, by Sinauer Asstesa
(www.sinauer.comand WH Freemanyww.whfreeman.com

Mendel's contribution was unique because of

I His methodical or empirical approach to a defipiteblem,
. Use of clear-cut variables

iii. Application of mathematics (statistics) to the peob.

Using pea plants and statistical methods, Mendek vedle to
demonstrate that traits were passed from each tpareaheir offspring
through the inheritance of genes.

Mendel made three major and lasting contributiamghie science of
genetics:
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He discover that character or traits are transthiftem parents to
offspring through hereditary material called par@te which was later
called gene

He gave us his principle of inheritance
He gave us the experimental method by which hebksted his
principles by which you could test and perhaps ouprthem

Gregor Mendel, the Austrian monk who figured oue thules of
heredity. The above photo is from
http://www.open.cz/project/tourist/person/photo.htm

SELF -ASSESSMENT EXERCISE

I Among the ancient theories of inheritance, who wé¢hne
proponent of the terms "blood relative", "full-bhed", and
“royal blood"?

. What was the postulate of Aristotle about heredity?

iii. List 3 ancient theories of inheritance prior to thscovery of
Mendel’s work in 1900.

V. State 3 reasons that made Mendel's research woruen
compare to the other early theories.

3.2.1 Mendel’'s Conclusions
From his experiment Mendel arrived at the followaanclusions:

1. Factors are carried in reproductive cells such @t grains,
ova, sperm cells. These factors are now called igatnunit or
genes

2. Mendel suggested that these factors are always then though
they may not be apparent in appearance in someajenes or
progeny

3. Any character in an organism is control by two éastor genes,
these are separated during gamete formation and pés
different gametes
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4. Each factor is transmitted from parents to offsprintact or
unchanged.

3.2.2 Implications of Mendel’'s Work

a. Each parent contributes one factor of each trawsh in
offspring.

b. The two members of each pair of factors segregata feach

other during gametes formation.

The blending theory of inheritance was debunked.

Males and females contribute equally to the traitstheir

offspring.

oo

Acquired traits are not inherited.
4.0 CONCLUSION

The discovery of Mendel, debunked many theories aoicient
Philosophers about heredity and established tigenlying principles
on which the modern genetics is based. This isesause he was able to
demonstrate empirically, that traits were passechfeach parent to their
offspring through the inheritance of genes

5.0 SUMMARY

Different theories were proposed at different timéy many

philosophers about the mode of transmission of adtar from one
generation to another. However, the first empiristaldy which gave
rise to our present day understanding of the lasiof inheritance was
carried out by Gregor Mendel.

6.0 TUTOR MARKED ASSIGNMENT

1. Explain the perception of blending theory of inteance.

2. State the differences between Ovist and Spermisoryh of
heredity.

3. Who is the father of modern genetic?

4. State the implications of Mendel’s work.
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1.0 INTRODUCTION

Our basic laws of inheritance were derived fromirapte series of
experiments with garden peas more than a centwy@egor Mendel
crossed various pure lines of garden peas andllmying their hybrid
progeny, observed that traits are inherited asrrgte states of
independent units of inheritance or genes (whichndé¢ called
“factors”), and that these units come in pairs.Eaait of inheritance
can have alternate states (alleles) that segregateeiosis, with each
gamete receiving only one allele (the principlesefiregation, Mendel's
first law); and that different alleles assort indegently into the gametes
(the principle of independent assortment, Mendsdsond law). These
principles became the fundamental principles of enodjenetics.

2.0 OBJECTIVES

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

. state the laws of Mendel

. explain the meaning of monohybrid and dihybrid sess

o write the genetic and phenotypic ratio of monohyband
dihybrid crosses

) explain the application of Mendelian genetics toinmeah
improvement

o list the application of genetic principles in anlimaprovement.
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3.0 MAIN CONTENT
3.3 Laws of Mendel
The observations of Mendel led him to formulateftiikowing laws:

1. Law of segregation of genesthe law state that two genes
separate or segregate from one another unchangedirddiended as
they pass from parents to offspring or from genenato generation.
Mendel observed that when red-flowered plant wassad with a white
flowered plant, all theF, plants were red-colour, but when tlig
progeny were crossed, the red and white colourgaepd in theF2
generation in a ratio of 3red:1white. The resuftMendel’'s experiment
formed the basis of his first law ‘the law of segagon of genes’. This
law debunked the Blending theory, which postulathdt factors
responsible for character transmission were flaichature and that the
mixture of the two factors (sperm and egg) resultgarogeny that were
intermediate or “blend" of the two parents' chagastics.

2. Law of independent assortment of geneshis law state that
two pairs of genes in the same cross assort indepdy of each other.
This law came about when Mendel started considetng pairs of
characters (Dihybrid cross) e.g. round yellow amthkled green seed.
He crossed a round yellow with a wrinkled greerdsglants and found
that theF, offspring produced all round yellow seeds (Round wellow
were dominant). When thi€2 generation was raised from these seeds,
he observed that four types of plants were produteddefinite ratio of
9:3:3:1. Thus Mendel concluded that the factoremheining the two
differences of each pair were independent in hogy thre inherited.
This form the basis of the second law “law of ineleglent assortment of
genes” (this is discussed in detailed under Dilt/bross).

3.4 Mendelian Crosses
3.4.1 Monohybrids Cross

In his research work, Mendel crosses individuah{gahat differ in only
one trait, such as height of the pea plant (tall stsort). The F

generation showed only one of the two parentalstrdihe ; generation
showed a 3:1 ratio of the two parental traits. M#ngostulated the
following:

1. A pea plant contains two discrete hereditagtdis, one from
each parent

2. The two factors may be identical or different

3. When the two factors of a single trait arefedént, one is
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dominant and its effect can be seen, the othezasssive and is
masked by the dominant factor

4. During game to genesis (meiosis), the paiaxofs segregate
randomly so that half of the gametes received an®f and half
of the gametes received the other. This is Mendetiss of
Segregation.

> Tt ]F1

/ \ /\ Segregation

] Gametes

The phenotypic ratio of the B was 3:1 that is 3tall plants and 1
short plant

3.4.2 Dihybrid Cross

Mendel also performed Dihybrid crosses by crossnatjvidual plants
that differ in two traits

For example; Seed texture (round vs. wrinkled) &add colour (yellow
VS. green).

The homozygote round yellow seed (RRYY) was dontinahile the

homozygote wrinkle green (rryy) was recessive. §lametes produce
were RY and ry as shown in the figure below. ThegEneration

progeny were all heterozygote round yellow seed {irr
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Parents RRYY X rryy

Gametes Ry X ry

l

All RrYy
Offspring (R)

When the F progeny were crossed, the fprogeny were of 4 types

Parents RrYr X RrYy

Gametes RY, Ry, rY,ry RY, Ry, rY, ry
To find all the possible genetic combinations a Punett square can
be used

3.4.3 Punnett Squares
It is a graphical method used in genetics to cateuthe results of all
possible fertilisation. Punnett squares can be tsgutedict the genetic

variations that will result from a cross.

They help predict the chances an offspring will h@mozygous or
heterozygous for a trait

. A capital letter represent the dominant allele;rBend

) A lowercase letter represent the recessive alleleyrinkle

o The gametes produced by each parent are writterg dlee top
and left

) Possible gene combinations are written in the boxes

) Punnett squares give you probabilities or prediastjmot absolute
numbers

o the larger the number of offspring, the closer tesulting

numbers will get to expected values

From each there are 4 possible kinds of male anihlEe gametes,
namely RY, Ry, rY, ry. The law of chance dictateattany one of the
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male gametes may unite with any one of the femal@ajes making
altogether 16 generation which will appear in apprtion of 9:3:3:1

That is, the phenotypic ratios of the was 9 round yellow: 3 round
green: 3 wrinkle yellow: 1 wrinkle green.

o gametes
RY Ry Fy i ry
v

7 gameles
-
. |

1
-

*
-

{:} Round, yellow Wrinkled, yellow
Round. grean @ Wrinkled. green

Fig. 1. Inheritance of Two Traits Simultaneously (Dhybrid cross).
The above Graphic is from the Genetics pages at MdlGUniversity
(http://www.mcqill.ca/nrs/dihyb2.qif).

3.2.4 Data From one of Mendel's Dihybrid Crosses

If the genes, assort independently the predicteshgiypic ratio in the
F, generation would be 9:3:3:1. Mendel's data wasy velose to
segregation expectations, thus, he proposed theolawndependent
assortment of genes. During gamete formation, dggegation of any
pair of hereditary determinants is independent hef $egregation of
other pairs

P-cross F1- F2-generation Ratio
generation

Round, Yellow| All round,| e 315 round| e 9.8
seeds X yellow yellow seed o 3.2
Wrinkled, Green . 101  wrinkled,| o 3.4
seed yellow seed . 1.0

o 108 round,

green seed

. 32 green

wrinkled seed
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3.3 Application of Mendelian Genetics to Animal
Improvement

Although Mendel worked on plant, the basic prinegplof heredity
discovered by him apply to animal breeding. Thisbiscause the
mechanisms of heredity are essentially the samboth plants and
animals. The application of Mendelian principlesrdae seen in the
inheritance of many qualitative traits in farm aalm

The first law (law of segregation of genes), foaewle, in cattle the
polled or absence-of-horns trait is dominant ower horned trait. Thus
when homozygous horned cattle are mated with hogmey polled

cattle, the offspring possess one gene for theepoesof horned and
another for the absence of horns i.e. they arerdmtgous for the
character. Since the polled gene is dominant,ftdpang are polled. If

the heterozygous offspring are mated, then, as patients produce
equal numbers of germ cell carrying either alléhes chances of any
sperm cell from the male fusing with any egg of siaene type or of a
different type are equal and so four combinatiohshe genes are
possible. The phenotype grouping is therefore tpadled to one horned
animal, but since fertilisation is at random, itshmot be expected in
practice that among every four progeny of suchmgatie result will be

3 polled and one horned animal. This will occuryowhen a very large
number of mating are evaluated.

The second law, that of independent assortmenbeatemonstrated in
an example where the inheritance of two pairs ofegeare consider at
the same time. For example we can consider two rmkmi traits
polledness and dwarfism in Hereford cattle. If anbaygous polled,
non — dwarf individual is mated to a homozygous nedrdwarf
individual the k progeny will all be phenotypically polled and non-—
dwarf cattle. If the F progeny are then mated, the resulting offspring
(F,) will exhibit four different phenotypes in the i@tof nine polled
non—dwarf, to three polled dwarf, to 3 horned namad, to 1 one
horned dwarf individuals (9:3:3:1).

Students Assessment exercise (SAE) Module 3 Unit 2

With the aid of diagram, write the genetic and ptgpic ratios of
monohybrid cross between two heterozygote talltplérfi).

3.5 Application of Principle of Genetics in Livestock

The knowledge of the principle of genetics has @thlns to develop
scientific selection and breeding of animals. Tiglothis selection and
breeding, it has been possible to do the following:
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I Increase production of animals such as milk, eggst etc

. Improved quality of animals and animal products.

Iii. Improved resistance of animals to diseases, insetsclimatic
factors.

4.0 CONCLUSION
Although Mendel used plants in his research, howeveur

understanding and application of Mendel's Laws anetremely
importance in animals breeding.

50 SUMMARY
The observations of Mendel led him to formulate thasic laws of

inheritance. These are Law of Independent Assortroérgenes and
Law of Segregation of Genes.

6.0 TUTOR- MARKED ASSIGNMENT

1. State two laws of Mendel.
2. State the differences between Monohybrid and Dilytnosses.
3. List three application of principle of geneticsagriculture.
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1.0 INTRODUCTION

As advances in genetics have confirmed and illutetha the

mechanisms underlying Mendel's observations, we laéso discovered

the need to adapt and modify his principles. Gematsraction and
exceptions to Mendel's laws of inheritance are masd in this unit.

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

define complete dominance
explain incomplete dominance
define codominance

explain over dominance
define epistasis

explain pleiotropy

define linkage

sex-influenced

sex-limited genes

Sex-linked traits.
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3.0 MAIN CONTENT

3.1 Complete Dominance

This is a type of gene action in which one alleidogus completely

masks the effect of another allele at the sameslo&l the allelic pairs

that Mendel studied showed complete dominanceioekttips i.e. one

allele at a locus is dominant to the other allstethat the phenotype of
the homozygous dominant and heterozygous genotgpeshe same.
The recessive genotype is phenotypically expressdg when the

organism is homozygous.

3.2 Incomplete Dominance

Incomplete (partial) dominance is shown when thmidant allele is not
completely dominant to the recessive allele and hi&erozygote’s
phenotype is closer to the dominant phenotype tioathe recessive
phenotype, but is not identical to the dominant natgpe. In other
word, incomplete dominance is a form of intermesiatheritance in
which one allele for a specific trait is not contplg dominant over the
other allele. This results in a combined phenotgpeamples: In cross-
pollination experiments between red and white sregumh plants, the
resulting offspring are pink. The dominant allehatt produces the red
colour is not completely expressed over the recessillele that
produces the white colour

3.3 Co-Dominance

In co-dominance both alleles of a pair are fullypmssed in a
heterozygote individual, thus the F heterozygote exhibits the
phenotypes of both homozygote parents. There isdoiminant or

recessive allele. Both alleles contribute equallyhe production of the
phenotypes, so the heterozygous genotype produpbsretype that is
intermediate between those produced by the two hkgguus

genotypes. The ABO blood system provides a goodnpia of co

dominance

3.4 Over Dominance

This is a type of gene action in which the perfanoeof heterozygous
animals is more extreme than that of both homozggauents.

3.5 Epistasis

It is a form of gene interaction in which an alleleone locus interferes
or masks the effect of another allele at a diffeleous. A gene that
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masks another gene’s expression is said to bedfpisdind the gene
whose expression is masked by a non-allelic genesaid to be
hypostatic.

3.6 Pleiotropy

Pleiotropy is shown when an allele at a single $oleas an influence on
more than one characteristic. A gene which affessveral
characteristics is said to have pleiotropic effect.

3.7 Linkage

An exception to Mendelian law of independent asserit of genes,

linkage occurs when particular genes are at difteleci but are carried

on the same chromosome. Because chromosomes téedransmitted

in their entirety, the different genes are trangdittogether, thus,
segregation rule may not hold. Different genesasétd close together on
a particular chromosome tend to be linked more thase situated at
opposite ends of the chromosome.

3.8 Sex-limited Genes

Sex-limited genes are autosomal genes (body dedl) affect traits
which appear only in one sex, but not in the offeer. Traits of this kind
are called sex-limited traits e.g. milk production dairy cattle, the
formation of breast in human and the ability todarce eggs in chicken.
The genes involved in these traits operate in femaut not in males.

3.9 Sex-influenced Traits
These are also autosomal genes however, the ¢tsolled by these
autosomal genes appear in either sexes, but thedney of occurrence

is higher in one sex than the other. An examplpagern baldness in
humans.

3.10 Sex-linked Genes

Genes whose inheritance pattern is different inesand females are
said to be sex linked. The sex linked genes aratdédcon the sex
chromosomes and have different patterns of inhrergta

4.0 CONCLUSION

Different alleles can exert different phenotypicfeefs; Gene’s
interaction leads to modification of normal Mendaliratios.
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SELF-ASSIGNMENT EXERCISE

I What is the different between Epistasis and coregdeminance?

. A gene that masked another gene expression atattféocus is
said to be ------------ while the gene whose expi@s is masked
is said to be --------------m-omme- :

iii. Define Pleiotropy.

5.0 SUMMARY

The interaction within alleles of gene controlliagingle character may
be dominant, incomplete dominance and co-dominamck are called
intra allele interaction. When an interaction osclyetween different
pairs of alleles influencing a character of an wilial is said to be
interallelic interaction or Epistatic. The genetthas masking effect is
called Epistatic gene, and the gene whose effetiasked is known as
hypostatic gene.

6.0 TUTOR-MARKED ASSIGNMENT
Differentiate between the following:
Complete and incomplete dominance
Codominance and Over dominance

Epistasis and Pleiotropy
Sex limited and sex-linked genes

PoONPE
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3.2 SRY and Mammalian Sex Determination
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1.0 INTRODUCTION

Within a population, sexual reproduction enhancesetjc diversity

because the genetic material of offspring comes ftwo sources. For
most species of animals and some species of pkaisal reproduction
Is carried out by individuals of the opposite seembles and males.
The underlying mechanism by which an individual eleps into a

female or a male is callexbx determination.As we shall see, a variety
of mechanisms promote this process.

For some species, females and males differ in tgemomes. For
example, you are probably already familiar with ttdea that people
differ with regard to X and Y chromosomes. Females XX and males
are XY, which means that females have two copiesth®d X

chromosome, whereas males have one X and one Ymolsmme.
Because these chromosomes carry different genesgmokomal
differences between the sexes also result in unghenotypes and
inheritance patterns.

2.0 OBJECTIVES

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

o explain sex determination mechanism in differenecsgs of
animals
. explain SRY Mammalian Sex Determination mechanism.
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3.0 MAIN CONTENT

3.1 Sex Determination Mechanism

Researchers have studied the process of sex detion in a wide
range of species and discovered that several diftenechanisms exist.
In this section, we will explore some common medsas of sex
determination in animals and plants. Sex deternunah some species
is due to the presence of particular chromosomespaa of
chromosomes, called theex chromosomes determinesex in many
different species. Some examples are described

1. X-Y system of sex determination In the X-Y system of sex
determination, which operates in mammals, the nealg&ains one X
chromosome and one Y chromosome, whereas the feroatains two
X chromosomes. In this case, the male is callechdterogametic sex.
Two types of sperm are produced: one that carriely the X
chromosome and another that carries the Y. In asptthe female is the
homogametic sexbecause all eggs carry a single X chromosome. The
sex of the offspring is determined by whether thers that fertilizes
the egg carries an X or a Y chromosome. What caasesfspring to
develop into a male or female? One possibility hatttwo X
chromosomes are required for female developmestadnd possibility
Is that the Y chromosome promotes male developmerthe case of
mammals, the second possibility is correct. Chramad basis for sex
determination: the chromosomal basis for sex deteton in
mammals is rooted in the location of a particulang on the Y
chromosome. The presence of a gene on the Y choomesalled the
Srygene causes maleness.

2. X-0 system Another mechanism of sex determination that inesl
sex chromosomes is the X-0 system that operatesaimy insects. In
some insect species, the male has only one sermolmme (the X) and
Is designated X0, whereas the female has a pao Kis). In other

insect species, such &osophila melanogastetthe male is XY. For
types of insect species (i.e., X0 or XY males, Axdfemales), the ratio
between X chromosomes and the number of autosastaldetermines
sex.

3. .Z-W systemthis determines sex in birds and some fish, th&ens
ZZ and the female is ZW The letters Z and W aredusedistinguish
these types of sex chromosomes from those foutiokeirX-Y pattern of
sex determination of other species. In the Z-Wepstthe male is the
homogametic sex, and the female is heterogametic.
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3.2 SRY System of Sex Determination in Mammals

It is often stated that sex determination in humandased on the
presence or absence of the Y chromosome. Howewersituation is
more complex. Sex determination in humans and othammals is
actually due to asingle genethat is normally located on the Y
chromosome. Near one of the pseudoautosomal regions
called“sexdetermining regiorBRY). The SRY produces a gene
product, Testis determining factor (TDF) that stimulates
undifferentiated gonadal tissue in embryos to fdestes. The gene
functions early in the developmental stages of #mbryo that
ultimately causes tissue that is developing intar@s to 'switch' their
development, so that they develop as testes. bhaig without this
gene develop as females. Sometimes, the SRY gewenies associated
with a chromosome other than the Y. In these camesndividual can
have the chromosome complement XY, and be a psrfecrmal
female (or be XX and be a normal male). Therefores inot the Y
chromosome that determines maleness, or the preesehdwo X
chromosomes that determines femaleness, it isrdsepces or absence
of the protein coded for by the SRY gene that deitees gender in
mammals.

SELF-ASSESSMENT EXERCISE

I What is the different between homogametic apteifogametic
sex?

. Which of the following in mammals determinex3e
a. theSrygene on the Y chromosome
b. having two copies of the X chromosome
C. having one copy of the X chromosome
d. both a and c.

iii.  What is the full meaning oBRYgene in sex determination in
mammal?

4.0 CONCLUSION

The earlier perception of sex determination in matsnusing XY
system was discontent by the SRY system which shthas Sex
determination in humans and other mammals is dgtdak to asingle
genethat is normally located on the Y chromosome regicalled “sex
determining region'$RY). The SRY produces a gene produiéstis
determining factor (TDF) that stimulates undifferentiated gonadal
tissue in embryos to form testes.
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5.0 SUMMARY

The underlying mechanism by which an individual eleps into a
female or a male is calledex determination. There are different
mechanisms of sex determination in different sgeoieanimals; these
include XY mechanism in mammals, XO mechanism seah and ZW
mechanism in avian specie. However, studies on amesim of sex
determination in mammals’ shows that it is not Yhehromosome that
determines maleness, or the presence of two X atsomes that
determines femaleness, it is the presences or ebseinthe protein
coded for by the SRY gene that determines gendeaimmals.

6.0 TUTOR- MARKED ASSIGNMENT

1. What is sex determination?

2. List the systems of sex determination in mammailsedt and
avian?
3. Briefly explain SRY system of sex determination?

4. What is the different between the X-Y and X-0 sgsteof sex
determination?

Practical Ill: Collect and make a photo album of different breefls
cattle, sheep and goats in Nigeria.
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1.0 INTRODUCTION
In genetics, traits can be divided into two grobpsed on their mode of
inheritance and their effects on the organism’snphge; these are

gualitative and quantitative traits. All geneti@its an organism fit
neatly into one of these two categories.

20 OBJECTIVES

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

. explain the meaning of quantitative and qualitatregs

o explain the inheritance pattern of quantitative andlitative
traits

. differentiate between quantitative and qualitatiaéts

) list the characteristics of quantitative and qaale traits

. list some examples of quantitative and qualitatraés.
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3.0 MAINCONTENT

3.1 Quantitative Charactersand ther Inheritance

Quantitative traits are those traits with continsioange of variation and
do not fit into natural categories. They are ecoigailty important
measurable phenotypic traits of degree such as baxlght, height,
susceptibility to pathological diseases or intgltige in man; milk yield,
meat or egg production in poultry etc. The quati#atraits are also
called metric traits. Generally, quantitative saaire under the influence
of large number of genes or multiple genes effébey can also be
describing as "polygenic traits." Quantitative tsaare easily influence
by environmental factors, thus may be modified aasly by the
environmental conditions.

The inheritance of poly genes or quantitative $rast variously called
guantitative inheritance, multiple factor inheritan multiple gene
inheritance or polygenic inheritance which meanat tthe traits are
influence by many genes. The quantitative inhecgsn have the
following characteristics:

1. The segregation phenomenon occurs at an indefinitaige
number of gene loci.

2. The genes for a multiple trait have different biectical
functions but similar phenotypic effects,

3. Blocks of genes are bound together by inversiomistaansmitted
as units from inversion heterozygotes to their prgg but such
blocks are broken up by crossing over in insertiomozygotes.

4. The polygenes have pleiotropic effects; that ise gene may
modify or suppress more than one phenotypic trait.

5. The environmental conditions have considerableceften the
phenotypic expression of poly genes for the quainig traits.

3.2 Qualitative Traitsand their Inheritance

Qualitative traits are those traits that are eaddgsified into distinct or
discrete categories. This means that you can neatiggorise these
traits. For example, if a breed of animal had eithlack or white coat
colour or nothing in between, this would be a disetrait, also, traits of
which an organism either has it or not, also fibithis category e.g
present or absent of horn in cattle, present oerathsf beard in goats.
Inherited diseases caused by single mutations aoel gxamples of
gualitative traits. The ABO human blood groupssthate this concept
well. Except for some rare special cases, the hancan only fit into
one of four categories for the ABO part of thewda type: A, B, AB, or
O. Since the ABO part of your blood type fits ngathto four
categories, it is a qualitative trait.
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The pattern of inheritance for a qualitative traitypically monogenetic,
which means that the trait is only influenced bgiagle geneor small
group of genes. The environment has very littldugrice on the

phenotype of these traits, thus there is little nar environmental

modifications to obscure the gene effects.

3.3 Differences between Quantitative and Qualitative Traits

The basic differences between quantitative anditqtiak traits involve
a number of genes contributing to the phenotypicabdity and the
degree to which the phenotype can be modified byiremmental
factors.

Table 1. Differences between Quantitative and Qualitativetraits

Quantitativetraits

Qualitativetraits

1

Control by many
(polygenic)

gene

(monogenic)

2

Easily influence or modify by
environmental factors

yNot easily influence or modify b
environmental factors

Exhibit continues variation, 1.6
they phenotype forms spectrul

2 Exhibit discontinues variation
m

They are metric traits @
character of degree thus have
be measured

rThey are discrete character
tharacter of final

They are concerned with
population of organisn
consisting of all possible matin

dhey are concerned  wit

nindividual mating
g

The pattern of inheritance
polygenic

iISThe pattern of inheritance

monogenic

They are mostly economic trai

ISSThey are mostly fancier ¢

aesthetic traits

SELF-ASSESSMENT EXERCISE

4.0

List 4 characteristics each of quantitative anditpieve traits.

The pattern of inheritance of quantitative tragsalled
while in qualitative traits it is called

CONCLUSION

sControl by one or few gene

<

or

n

Quantitative traits are largely control by many ggmr multiple genes,
they are easily influence by environmental facttras may be modified
variously by the environmental conditions. Whileatiiative traits are
control by one or few genes and they are not easilyence by

environmental factors, thus can hardly be modifsgdenvironmental

conditions. Therefore, the knowledge of quantiat@nd qualitative
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traits is necessary to enable the breeder desigrojpate breeding
techniques for livestock improvement.

5.0 SUMMARY

In animal breeding, traits can be group into gatilie and quantitative
traits, based on their mode of inheritance andr tlefiects on the
organism’s phenotype. Quantitative traits are thdsaits with
continuous range of variation and the pattern @rtlnheritance is
polygenic, which means that the trait is under itftuence of large
number of genes or multiple genes effect. Theyeasly influence by
environmental factors, thus may be modified varpudy the
environmental conditions. Qualitative traits aresh traits that are
easily classified into distinct or discrete categer The pattern of
inheritance for a qualitative trait is typically magenetic, which means
that the trait is only influenced by a single genesmall group of genes.
The environment has very little influence on theemiitype of these
traits, thus there is little or no environmentaldifications to obscure
the gene effects.

6.0 TUTOR-MARKED ASSIGNMENT

1. List 2 quantitative and 2 qualitative traits indstock.

2. Explain the type of inheritance of quantitative asgalitative
traits.

3. List 4 differences between quantitative and quiaheetraits.

4. Group the following traits into either quantitatioe qualitative;

litter size in goats, milk fat, body weight, presenof horn in
cattle, coat colour, egg production in chickenspree of beard
in goats, milk yield.
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1.0 INTRODUCTION

Genes hold the information to build and maintainoaganism's cells
and pass genetic traits to offspring, however sogemes are
incompatible with life and could be detrimental ttte organism that
have them. Different alleles can exert differenepdtypic effects; some
their effect can easily be seen while other mayhlslen and may
expressed themselves phenotypically only when tbediton is
favourable for them. In this unit we shall consideme types of genes
and their expression.

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

define gene

explain the meaning of lethal or detrimental genes
explain how lethal genes can be control in anirpajsulation
list the differences between dominant and recesgane.
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3.0 MAINCONTENT

3.1 What isGene?

Gene is a unit of heredity in a living organism.nég hold the
information to build and maintain an organism'dscahd pass genetic
traits to offspring, the genes are located in theromosomes.
Chromosomes are found in the nucleus of the célé flegion of the
chromosome at which a particular gene is locatechied locus .The
genes are molecules of chemical substance callegyfibonucleic acid
(DNA). The number of DNA is equal to the numbercbfomosomes in
a cell. In human being, body cells have 46 chrommsocalled diploid
condition (2n) while gamete has 23 chromosomesedataploid
condition (n).A chromosome consists of a singleyueng DNA helix
on which thousands of genes are encoded.

3.2 Typesof GenesExpression
3.2.1 Lethal or Detrimental Genes

Gene changes which are incompatible with developroesurvival are
known as lethal genes. In other words, genes wiashlts in the death
of an individual at any stage of development i ldgre called lethal
genes. It can be immediately following fertilisatjoduring embryonic
differentiation, at parturition or postnatal. Letth@nes may be dominant
and exert their effect in heterozygotes. Such ganesare and difficult
to study since they are rapidly eliminated fromoguydation unless their
effect occurs late in life after the affected indival have produced
offspring that carries the genes. Most lethal gesmes recessive and
exert their effect only when homozygous. Some gamesieleterious to
the organism that have them but are not letha, tfiey do not cause
death) provided the environmental factors are fealole. However, they
can cause deformation of the individual at anyestaglife. Such genes
are called semi-lethal genes.

Control of lethal or detrimental genes

The action to be taken if lethal or detrimental egare discovered in a
herd depends on the type of the herd and the s@@ss of the
abnormality. In a commercial herd, the action thatsually necessary is
to cull the sire or sires which produced the deéfecbffspring and
replaced them with unrelated males.

1. For seed stock, correction measures need to beclisisce there

obligation is to provide stocks which will perfonvell for future
customers.
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2. Therefore, the following should be considered sssible
measures for elimination of lethal or detrimentahgs or for
reducing it frequency in the herd

Cull all sires which have produced defective ofiisgr

Remove all females which have produced defectivispahg

from the seed stock herd.

3. Cull other closed relatives of affected individualscluding
normal offspring of sire and dams which have predudefective
individuals

4. If the affected individuals are viable and fertiletained them for
progeny-testing of prospective breeding animals

5. Progeny-test all prospective herd sire before usthgm
extensively in the herd

N =

3.2.2 Dominant and Recessive Genes

Dominant genes are genes with observable effectnwiresent in
homozygote or heterozygote form. The degree of dantge can vary
widely. In some cases it is complete and the owdvedfect is the same
as if the dominant genes were present in both efnlembers of the
chromosome pair. In other cases dominant is incetaplith some level
of intermediate expression. The recessive genes haapparent effect
on the organism when present in only one membénheithromosome
pair of an individual. To determining the genotypé unknown
individual test cross or back cross is used.

I Test cross. The cross of an individual of unknown genotypeto
completely recessive individual is known as a t@ess. In this
case, the type of progeny will depend on the types
frequencies of gametes produced by the parent &havmn
genotype

. Back cross. Back cross involves crossing a progeny to one of

their parents
SELF- ASSESSMENT EXERCISE
I Briefly outline how detrimental genes can be cdntrofarm

animals.
il What is the different between test cross and baass®

3.2.3 Additive Genes

Additive genes are also known as polymeric genéss & a situation
where two pairs of genes determine a character. éxample, in
Cucurbitapepeplants, crossing two plants with spherical fruitelged
only discoid-fruited progeny (FI). When, Fare crossed, discoid,
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spherical and long progeny are produced. In thiangle, the F
progeny are not like any of the parents, and dna~third phenotype
appears. In pigs, coat colour also follows the sarheritance pattern.

3.2.4 Complimentary Gene

Complimentary genes are dominant alleles which lacated at two
different loci and segregate independently of eatbler. Their presence
or activities produces complimentary phenotypieeff

3.2.5 Penetrance

The frequency with which a gene produces a phemoypvisible effect
in the individuals, which carry it, is known as pé&ance. In other words
penetrance refers to the proportion of individuaikich exhibit
phenotypic effect of a specific gene carried bynthén general genes
express themselves in all the individuals in wtilodly are present in the
appropriate genotype is known as penetrance. itates the number of
individuals that give the expected phenotype todenree.

3.2.6 Expressivity

The degree of phenotypic expression of a penetgamie is called

expressivity. In other words, the ability of a geneproduce identical

phenotypes in all the individuals carrying it irethppropriate genotype
is known as expressivity.

40 CONCLUSION

Our knowledge of genes as well as the various tgbegenes and their
effect on phenotypic variations is necessary tdkenthe breeder select
appropriate breeding techniques.

50 SUMMARY

Gene is a unit of heredity in a living organismhdtids the information
to build and maintain an organism's cells and pgesetic traits to
offspring. However, some of these genes could tesulthe death of an
individual at any stage of development in life @md called lethal genes
while some could be deleterious to the organism ithae them but are
not lethal, provided the environmental factors &meourable. Such
genes are called detrimental or semi-lethal genes.
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6.0 TUTOR-MARKED ASSIGNMENT

What is a gene?

Define additive genes.

Explain the difference between lethal and semélegienes.
Explain the differences between dominant and recegenes.
Briefly explain how you can control lethal genesidairy herd.
Define penetrance and expressivity.

ok wnNE

Practical 1V: Collect and make a photo album of different breefls
pigs and rabbits.
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1.0 INTRODUCTION

The assessment of most animal species reveals xisteree of
phenotypic differences between individuals, forragée in cattle there
are obvious difference in coat colours and thegires and absence of
horns. If cattle are weighed or if milk productienrecorded there will
be differences in performance between individu@lsese differences
between individuals of the same species or breedhi® same trait or
character are called Variation. Variation amongmeais in weight,
growth rate, efficiency of feed utilisation, carsaharacteristics, disease
resistance etc has been observed.

The basic idea in this study of variation is thetipaning of total
phenotypic variation into the components attriblgalbo different
causes. The relative magnitudes of these compordetesmine the
genetic proportion of the population and the degoéaesemblance
between relatives.
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20 OBJECTIVES

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

J define variation
o state types of variations in animal population
. list the causes of variation in animal population.

3.0 MAINCONTENT
3.1 Definition of Variation in Animal

The differences between individuals of the sameispgeor breed for the
same trait or character are called Variation. Theessment of most
animal species reveals the existence of phenotyiffierences between
individuals. For example variation exist among aasrnin size, rate of
growth, efficiency of feed utilisation, carcass i&dweristics, disease
resistance etc

3.2 Typesof Variation

Variation can be classified into two categories edgjing on the
character examined and upon the unit of measurenseiot

Discrete or discontinuous variation: These character for which
there are two or only relatively distinct categeriare described as
showing discrete or discontinues variation. Thecal$inues variation
fall into a few clearly defined classes which isialty due to the fact
that these traits are under the control of one éeva pairs of genes
whose final expression is not greatly influenced Iexternal
environmental factors. Discrete variation is uspa#xhibited by
gualitative traits, such as coat colour, preserrccabsence of horns in
cattle

Continues Variation: For other characters where the number of
categories is large and limited to the units anoiescy of measurement
used for Classification, these characters are tbestras showing
continuous variation. The continues variation doesfalls into clearly
defined classes which is usually due to the faat tilese traits are under
the control of many genes whose final expressiogréstly influenced
by external environmental factors. Continues vammatis usually
exhibited by quantitative traits such as milk yigidcattle, weight gain,
birth weight etc
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3.3 Causesof Variation

The causes of variation in animal can be group thtee: First is the
average difference between genotype, the secotitkisariation from

environmental source and thirdly, the interactibesveen heredity and
Environment. Phenotypic variation refers to the esbsble or

measurable difference among individuals within guation for a

particular trait.

331 Genetic Source of Variation

A measure of genetic variation is the amount ofelwygosity at a
locus in a population which is given by the totakduency of

heterozygotes at a locus. The genotype of an iddali is fixed at

conception and barring a mutation remains the damhe remainder of
its life. Its genetic makeup is determined by tlemeps that it receives
from both parents.

The individual as well as its parent possess thmisaof genes.
Members of inbred animals are more likely to b&ealenetically than
non-inbred individuals.

The degree of genetic similarity among individualghin an inbred
linen increases as the amount of inbreeding ineseaspecially if there
is directional selection. Parent’'s homozygote fanm pairs of genes
will have more offspring that are more alike gecaty than parents that
are heterozygous for several of genes. In facttgenariability within a
species is almost unlimited.

3.3.2 Environment Source

Phenotypic variations in economic traits due toimment are also of
great importance. Environment includes all suchtoi@c as disease,
nutrient supply, temperature effects, accident atiters which the
individual may encounter from the time of conceptimtil its death.
Phenotype variations due to environment are impbliacause:

1. They are not transmitted from parents to tb#spring,

2. They overshadow variation due to heredity.

3 The proper environment is necessary for arviddal to reach its
genetic potential

4. Rapid improvement can be made in the efficieotyivestock
production by supplying uniform and superior enmirental
conditions to breeding animals.
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3.3.3 Interactions between Heredity and Environment

The interaction between heredity and environmeramadhat animals of
a certain genotype may perform more satisfactamigome environment
than in another. In other words one environmenigsrthe expression
of the genetic characters in a breed or strainhematoes not.

40 CONCLUSION

Variation in animal population can be group intmfwhat is continues
and discontinues or discrete variation. Our knogéedf variation as
well as the various types of variations and théfeat on phenotypic
variations is necessary to enable the breedertssgdpcopriate breeding
techniques.

5.0 SUMMARY

Traits generally are grouped into those which shqualitative
differences and those which show quantitative ckfiees. Those which
show qualitative differences are term as showirsgréie or discontinue
variation while those which show quantitative diffieces are term as
showing continues variation. The causes of vamatould either be
genetic or environmental or the combined effedbath the genetic and
environmental factors

6.0 TUTOR-MARKED ASSIGNMENT

1. Define variation.

2. List two types of variation.

3 state two differences between the two types ofatian listed in
guestion ii above

4. List 5 factors that controls variation in animalppdation.
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1.0 INTRODUCTION

We have discussed in the preceding module that rinajof the
economic traits are influenced by large numbereasfeg (polygenic) and
by many environmental factors. As a consequencd ofothese traits
are measured quantitatively, and they exhibit whatlready described
as continues variation. A number of special procesland techniques
have been devised to characterising and summargie continues
variations.

To study animal population, a statistical desoniptof the population is
required. This description in its simplest form sists of a measure of
central tendency and a measure of the variabilitthe population.
Ordinarily we do not have measurements on the eergwpulation.
However, by studying a sample of observations ftbe population, a
statistic can be derived which are descriptivehaf sample and which
provide estimates of the corresponding population.

20 OBJECTIVES

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

) define and state the uses of variance, standardtasv and
coefficient of variation

) list the components of variance

o calculate mean, variance, standard deviation armdficent of
variation.
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3.0 MAINCONTENT
3.1 Normal Curveand Means

Most of biological measurements can be considecedhe normally
distributed. A distinctive feature of this normastdibution is that the
values are clustered at a mid-point, thinning gumetrically toward
both extremes. Figure 1 shows a theoretical nomistibution. The
height of the curve at a particular point represethie frequency of
individual having that particular value.

There are at least three common measures of ceatrdéncy; mean,
median and mode. The mean represents the averadjaredasurements
in a population; the media represents the classevaalf way between
the two extreme values; and the mode representslédss with the

highest frequency. For a true normal distributiilve mean, median and
the mode will coincide. However, the most usefatistics in estimating

central tendency in most population is the meamessamples from a
normally distributed population may show deparfuoen normality.

The population mean is merely the arithmetic averagall the values
included in the population. It is conventionallypresented by a symbol
n for a population mean andffor sample mean. Individual
measurements in a sample can be symbolised; ¥, XXs ...., X, and
the mean can be computed as follows

(X1+X2 +X3+ ’”Xn)
n

X =
Where n is the number of observations includethénsamples

3.2 Variance

The measurement of the variation in a trait or abi@r is called
variance, which can be divided into different comgats. The amount
of variation is measured and expressed as theneariahen values are
expressed as deviation from the population meare Vériance is
usually denoted by*for population and Sfor sample variance, and is
defined as the average of the squared deviatioms fne mean. It is the
most useful measure of variation for studying thariability of
population.

The total phenotypic variance of a populatiefy), i.e. the measure of

the observable variation, can be broken into twotigas; genetic
variance ¢°c) that is the variance among genotypic means and
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environmental varianceo?y) that is the remaining variance often
classified as the variance due to environmentabdiens

If the phenotype is the sum of genetic and an enmental effect, then
P=G+E.

If the genotypes are not distributed randomly emsvironment, there
will be some covariance between genotype and emwiemtal values
and the covariance will be hidden in the genetiod anvironment
variance. All measures of importance of genesramdd in terms of the
proportion of variance ascribable to their variasio

Actually, since in reality we deals with a sampienf the population we
can compute estimates from the population varisaawsording to the
following formula.

oo o K= X7 (K)o e, (K = X)?

n—1
Since the deviations are squared, variance is éiy@salue with zero
as a lower limit. The sum of the squared deviatisosn the mean is
divided by n-1 rather than n to compute the samat@ance. Dividing n-
1 provide an unbiased estimates.

3.3 Standard Deviation

The standard deviation is the square root of theamee; it is
symbolised bys for population and s for sample. While variance is
expressed in kilogram or centimeter square, thedsta deviation is
expressed in kilograms or centimeters just as thginal items
measured. Since the standard deviation is the sgaat of the variance,

it can be computed as follows:

S_\/(Xl_X)ZJF(XZ_X)Z+(X3—X)2+---+(Xn _ %)
- n—1

3.4 Coefficient of Variation

The standard deviation as a percentage of the mdarm coefficient of
variation (CV). It is used to compare the varidpibf traits measured in
different units. The formula for computing CV is

Sx100
V=

X
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40 CONCLUSION

Variation is the raw material the breeders needntike appropriate
selection for herd improvement. Therefore, withodriation there
cannot be selection.

50 SUMMARY

Variation among animals in a population is the raaterial available
for breeders to make selection for herd improvem@&hie variation
which is observed in a population arises from bggnetic and
environmental influences. Genetic variations resfithm differences in
genes, while environmental variations results franvironmental
factors, both of which act together to determine fihenotype of an
individual in the population.

The mean or average of observations and a measuvariability

around the mean are needed to describe the distmnbof values for a
particular trait.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define the following terms; mean, variance astindard
deviation.

2. What is the relationship between variance andndard
deviation?

Practical V: Collect and make a photo album of different breetls
snails and grass cutters.
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1.0 INTRODUCTION

This module deals with the general question of wesvquantify the

action of genes on the phenotype. We observe teaqgtipe directly
and we can easily measure various aspects of it.alse come to
believe that hereditary factors are involved in gieenotype when we
observe that offspring resemble their parents. Awen though it is, in
principle, possible to know an animal's entire dgpe, the fact is that
we have no way of directly relating this to mosepbtypic traits due to
their highly polygenic nature. One feature thaofien introduced into
the discussion of parent- offspring resemblancdastability. Most

people use this concept in attempt to be more sophied in their
understanding of the determination of the phenotyp®mvever, all too
often, heritability turns into a formula for detammg the extent to
which a trait is "genetic" vs. "environmental". Well learn what

heritability is, its estimation and where it is fide It is expected that
every student in this class would have a good wtdeding of this
important genetic concept heritability. The guidifgatures of our
discussion on heritability will be the followingipciples:

1. Heritability is a function of both the genetic aadvironmental
variances;

2. Heritability is strictly a property of a population

3. Different populations, even if closely related, chave very

different heritability.
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20 OBJECTIVES

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

. define heritability
o explain methods of estimating heritability
o state the importance of heritability.

30 MAIN CONTENT
3.1 Heritability

One of the most important factors in the formaubreffective breeding
plans for improving the genetic quality of bothmgand animals is the
knowledge of relative contribution made by geneth®variability of a
trait under consideration. Heritability expressdwatt part of the
superiority of the parents which on an average dsspd on to the
offspring. Heritability can be expressed as a pasge (from O to
100%) or proportion (0.0 to 1.0). these extremehkies are rarely
encounter in practice. The reason for our focuhemtability is that it
determines the degree of resemblance between paaedt offspring,
which in turn determines the response to selecfldrat is heritability
determines the improvement that can be achievenughr selection;
traits with high heritability such as body weigbtrth weight etc, can
easily be improved through selection than traitthwow heritability
(e.qg. fertility traits).

The term fis used to signify heritability.
The phenotypic variation seen in a population ia assult of combined
effect of genetic and environmental variation.offs used to signify
variance and P, G and E are used to indicates pygopgenetic and
environmental variation then

GZp: GZG + GZE

However, genetic variation can be broken down thtee components:
additive (A), dominant (D) and Epistatic (I). Likese, the
environmental variation can be divided into generagbermanent effect
(Eg) and specific or common effects that is commoaltanembers of a
particular litter or to individual of the same dédg).

This means that the above equation can be wrigen a

6°p= G°p + 0°p + 07 +0 g + O'Es

The additive variance is the most important partammal breeding

because it is the portion or part of the variaa ts transferable from
parents to offspring or from generation to generati
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Heritability is a ratio rather than an absoluteufig such that decrease in
any of the other source of variance will incredse!t.
Mathematically, heritability can be define in tways
1. Broad sense definition: heritability is a proportion of genetic
variance ¢2g) to total phenotypic variance’)

pe =%

op

2. Narrow sense definition: heritability in narrow sense is the ratio of
additive varianced?s) to phenotypic variancety)
pe=

op

The progress that can be expected in the improvemier trait by
selection depend on the ratio of the additive gengtriance to the total
phenotypic variance.

3.2 Propertiesof Heritability

1. If all the phenotypic variability of a trait genetic in nature as it
Is true for must classical Mendelian traits suchlasd type, then
environmental influence is absencéwill be equal to 1That is,
if 6°c=c’pthenli=1

2. If all the phenotypic variability is environntahin nature as its
true for any trait within a genetically homozygdime, then R of
the trait is zero

That is, ifo% =6% thenc’s = 0 and A== =0
op

3. If half of the phenotypic variability is due tenes effect, then
the Hf is 50%

e if o’ == 6% then fi= 26° = 6%, and so A= ~ = 50%

4. If the environmental variancet) is 3 times as large as the
genetic variances(s), then the his 25%

That is, ifo’ = 30%, then = == 25%

3.3 Methods of Estimating Heritability

Numerous procedures for estimating heritability ased in research
studies, especially for the economically importaaits in farm animals.
The underlying basis for estimating deepends on evaluating how much
more alike individuals with similar genotypes anart unrelated or less
closely related individuals . The parent-offspranyd the paternal half-
sib relationships are most widely used to deterrhfria farm animals
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1. Parents- Offspring Relationship

If records for a particular trait (e.g growth raeist for parents and
offspring then regression of offspring on eithergudis or offspring on
mid-parents (i.e the average for dam and sirebeamsed to estimaté.h
The regression of offspring on sire or offspring dam gives a
regression coefficient ()

b = 2
Xy (5325

Where:
b= regression coefficient
y = record of offspring for a particular trait
o> -variance
o = covariance
X = records of either sire or dam

The sum of product of the xy for the paired obseows or
measurements x for parents and y for offspringbisioed.

The measurement of a trait on both the parents thaol offspring
should be correlated for both influences as ageerwhen these factors
are likely to influence the measurements.

The regression of offspring on parent representhaieof the £, since
the relationship to only one of the two parentsi®lve, the regression
coefficient must be multiply by 2 to obtaif h

i.e. If = 2b.

But with offspring mid-parents regression, the &t is equal to
heritability
ie. H=b

2. Half-sib Correlation

The heritability of a trait can be estimated frofme tresemblance
between full-sib (full brothers or full sisters) between half-sib (half-
brothers or half-sisters). However, of great valaee half-sib
correlations where the study involves progeny frdifferent sires or
dam and in which measurements are needed onlyamepy but not on
parents. This technique is preferable to parerftspohg technique
because half-sib usually have similar environmenbrie another and
measured at the same point in time. In contrasterpga may be
measured at a different point in time from theiispfing and may also
have been assessed under somewhat different emerdgal conditions
to those in which progeny were measured.
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Half-sib have on the average % of their genes mraon rather than %2
as with parent — offspring regression. That is, ¢berelation between
half-sib is quadruped to give the heritability dwatt any error in
estimation are also quadruped.

The paternal half-sib correlation is preferablghose of maternal half-

sib largely because

I It is easier to get more of the paternal héfiban the maternal
half-sib

. Maternal effects are eliminated when pateiraf-sib are used

The H could be estimated from intra-class correlation Hetween
paternal half- sibs. This can be computed as ratiovariance
components

ot

o? +0g

S

t =

Where:s’s= sire variance

o2, = within sire variance.
Th(;zheritability is computed by multiplying they B
l.e.if =4t

Full-sibs are rarely used for estimation df lecause maternal effect
confounds the data and the same is true of idémias data.

40 CONCLUSION

Heritability is an important concept in animal llew, it express the
fraction of the observed phenotype of the paremishvon an average is
passed from parents to their offspring. Heritapilior a trait can be
estimated by several methods; However, Parentspiafig and Paternal
half-sib relationship are mostly used to deterntiveeheritability of farm

animals

50 SUMMARY

Heritability is defined as a proportion of genetrariance to total

phenotypic variance; this is a broad sense dejmitiin a more

restrictive or narrow sense, it is the proportidnadditive variance to
total phenotypic variance. It is a ratio rathearthabsolute figure and
can be express as a percentage or proportionabgés from 0 to 100 or
0.0 to 1.0. There are several methods of estim&gngability; however,

Parents- offspring and paternal half-sib relatigmsire mostly used to
determine the heritability of farm animals
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6.0 TUTOR-MARKED ASSIGNMENT

1. What is repeatability?

2. Explain the broad sense and narrow sense tlefiniof
heritability.

3. What is the implication of high and low heritalp estimate in
animal breeding?

4, Explain two methods of estimating heritability.
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UNIT 2 REPEATABILITY
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Repeatability
3.2  Estimation of Repeatability
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Repeatability is a concept closely alike to heriiigh since the same
gene or genes combination influence the successipeessions of a
trait, repeatability should be as large as helflitgbilt could be larger

since certain permanent environmental influenceg b® included in

the numerator of the repeatability fraction. lugially term as the upper
limit of heritability.

20 OBJECTIVES

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

J define repeatability
) states the importance of repeatability in animakbiing
) know the estimation of repeatability.

3.0 MAINCONTENT

3.1 Definition of Repeatability

Repeatability is the tendency for successive recofdhe same animal
to be more alike than those of different animalss lthe expression of
the same trait at different times in the life of #ame individual.

Repeatability is useful for those traits which da measured several
times during an animal’s life time, such as lactatimilk yield for dairy
cows, number farrowed and litter weight for swims aveaned weight
of calf for beef cattle.
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A high repeatability means that one record is adggade to future ones
and therefore, waiting is hardly needed. In contrimsv repeatability
characters benefit from additional records.

Mathematically
Repeatability (r) is define as

genetic variance + general environmental variances
r =

total phenotypic variance
3.2 Estimation of Repeatability

Repeatability is also known as intra class con@batwhich is the
expected correlation between observations withan ghoup or class.
Now the ratio of between group varianegg] to the sum of between
group varianceo?s) and within group variance<,) is measured.
That is repeatability can be
Sh

c? + 0%

B

r:

If 6%, is small then observations within a group are simind highly
repeatable (i.e. the repeatability will be high),

If 6%is large this indicates that there is a substamgaiation within
group and so the repeatability will be low

I mportance of repeatability

Knowledge of repeatability estimate for varioustsranay be used in

I Predicting future performances of an animal that ¢v@e or more
previous record

. Selecting animals for breeding purpose

Iii. It also gives an indication of how long an indivadlanimal could
remain in the herd before it may be culled fromfiked or flock.

iv.  When the repeatability estimate for a trait is highlling on the
basis of the first record should be effective inproving the
overall record of the herd for next year.

SELF-ASSESSMENT EXERCISE
I List 4 traits in animals that are repeatable.
. Why is repeatability considered to be the upperitlirof

repeatability?
Iii. Why is repeatability closely linked to heritabiltty
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40 CONCLUSION

A high repeatability estimate is an indication tlate record for a
particular trait is a good guide to future ones #metefore, waiting is
hardly needed before culling decision could berntigkHowever, for low
repeatability characters additional records are uireq before
appropriate decision could be made.

5.0 SUMMARY

Repeatability is a concept closely alike to heritigh it is the upper

limit of heritability. Repeatability is useful fadhose traits which can be
measured several times during an animal’s life tinteis used for

prediction of future performance of an animals aindlso gives an

indication of how long an animal could remain ire therd before it
could be culled. When repeatability is high cullidgcision can be
taking on the first record of the animal, but ikthepeatability is low
more record may be required.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is repeatability?

2. List 3 importance of repeatability in animaéeding?

3 What is the implication of high and low repdulity in animal
breeding?

Practical VI: identify and make a photo album of different breefls
horses and donkeys in Nigeria.
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