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ANP 507 COURSE GUIDE

INTRODUCTION

The course ANP507 (Animal Breeding and Livestoclpriovement), is
a two (2) credit unit course designed for 500 levedergraduate
students pursuing a degree in Agricultural Scientke course is
expected to provide a good knowledge base foruhed manpower for
genetic improvement of Nigerian livestock resourcesvards a
sustainable production of livestock. It explainthe rudimentary
Production traits, their measurement and eteno, selection for
breeding for improvement of livestock perfomoa. Breeding
systems and selection methods. Performance tegtingeny testing..
The course also provides basic knowledge for biotelogical.

Identifying and incorporating genetic markers andjon genes in
animal breeding programmes. DNA tests and segorganalysis for
genetic disorders. Determining associations betwgemetic markers
and quantitative test loci (QTL) applications inivestock genetic
improvement and the development of genotypest are adapted
to Nigerian environment. The course will provideasic foundation for
students intending to take up Animal breeding antvedtock

Improvement as a Career in the future. The cowshvided into seven
(7) units with unit one to seven units. Each uregibs with a clear
introduction and statement of objectives followadtbe main content.
The conclusion, summary and references (for funtbading) were also
provided for each unit. Tutor marked assignmentsewwovided for

each unit to enable you attempt some questions@topics treated for
onward submission to your tutor. The Course Guidiges you with

access to brief information and overview of therseucontent, course
duration, what you are expected to know in each, wmhat course
material you need to use and how you can systeafigtigo through

the course materials.. Thus, we intend to achikgeabove through the
following broad aim and other specific objectives.

COURSE AIM

The major aim of this course is to treat the fundatal principles of
animal genetics and breeding through the highligbtsthe basic
knowledge of breeding and livestock improvementings Production
traits, their measurement and evaluatiaelection for breeding
for improvement of livestock performance. Breedisgstems and
selection methods. Performance testing, progessting. Identifying
and incorporating genetic markers and maj@neg in animal
breeding programmes.DNA tests and segregatamalysis for
genetic disorders. Determining associations batwgenetic markers
and quantitative test loci (QTL).
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MODULE 1 PRODUCTION TRAITS, THEIR
MEASUREMENTSAND EVALUATION

The purpose of animal breeding is not to geneticaly improve
individual animals once an individua is conceived; it is a bit late
for that-but to improve anima populations, to improve future
generations of animals. To this task breeders bring two basic tools:
selection and mating. Both involve decision making. In selection,
we decide which individuals become parents, how many offspring
they may produce, and how long they reman in the breeding
population. In mating, we decide which of the males we have
selected will be bred to which of the females we have selected.
This chapter examines both kinds of decisions from a broad
perspective. Cattle Beef/milk productions. (Pregnancy, Calving
ease, Birth weght, Weaning weight ,Yearling weight, Mature
weight, Hip height, Pelvic area, Feed converson (feed per
gain),Scrotal  circumference, Breeding soundness, Back fat
thickness, Days dry, Calving interval, Milk yield ,Fat in milk (%)
,Protein in milk (%)) Horses (Wither height, Mature weight, Time to
trot 1 mile Time to run ~ mile Time to run 1 mile Weight started (draft)
Cutting score, Placing (in arace or show) Winnings), Swine (Pregnancy,
Litter size (number born alive) Litter size (number weaned) Weaning
weight, 21-day litter weight Days to 230 Ib, Feed conversion (feed per
gain) Loin eye area Back fat thickness),Sheep(Pregnancy, Number born,
Birth weight ,60-day weaning weight Y earling weight, Loin eye area,
Grease fleece weight, Clean fleece weight Staple length, Breeding
soundness, Poultry(Number of eggs in first year (layers) Egg weight
(layers),Hatchability (chickens),Feed conversion ratio (broilers), Hot
carcass weight (broilers), Mature body weight (broilers), Shank length
(turkeys) Breast weight (broilers).
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MODULE 2 SELECTION FOR BREEDING FOR
IMPROVEMENT OF LIVESTOCK
PERFORMANCE

CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content

4.0 Conclusion

5.0 Summary

6.0  Tutor-marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION
1 Measuring Performance

In order to select animals, we must first measuperformance
(phenotype) oneligible candidates for selection. Systematic
measurement of performance in a populatisrtalledperformance
testing. Performance testing programs vary among spe@as
breeders within species. A progressive bedittlec breeder's
program, for example,might include the recording of birth date,
calf birth weight and calving ease scakcalving time; weaning
date, calf weaning weight, cow weight, amuvcpregnancystatus
at weaning time; feed intake from weaning yearling age; and
weigh date,yearling weight, hip height, pelvic dimensions, lhdat
thickness orultrasoundmeasurements, scrotal circumference, and
breeding soundness score at yearlimge.

Performance Testing: Systematic measurement oforpgance
(phenotype) in @opulation.

Performance testing programs are widespreadaditional livestock
species (beefand dairy cattle, swine, poultry, and sheep) in
developed countries. Seed stgmioducerscommonly take part in
such programs, reporting the data they mkcao breed
associations or government agencies. Comalerproducers may
do performancdesting also. However, because of the rlabo
and expense involved inecordingperformance data, commercial
testing programs are typically less elaborateantlseed stock
programs. Listed in Table 1.1 are traits commonlgasured in
severalspecies?
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20 OBJECTIVES

. You will understand what production traits means
. You will understand their measurement and evaloatio

3.0 MAINCONTENT

3.1 Measuring Performance

In order to select animals, we must firseasure performance
(phenotype) on eligible candidates for selection. Systematic
measurement of performance in a populatiorcaiked performance
testing. Performance testing programs vary among speand
breederswithin species. A progressive beef cattle bresdprbgram,
for example, might includehe recording of birth date, calf birth
weight and calving ease score at calving timeaningdate, calf
weaning weight, cow weight, and cow pregnancyatus at
weaning time; feed intake from weaning to yearling age; and
weigh date, yearling weight, hip heighpelvic dimensions, back
fat thickness or ultrasound measurements,otacrcircumference,
andbreeding soundness score at yearkimge.

Performance Testing: Systematic measurement of performance
(phenotype) in a population.

Performance testing programs are widespread tnaditional
livestock species (beefanddairy cattle, swine, poultry, and
sheep) in developed countries. Seed stpogducerscommonly
take part in such programs, reporting the da&y ttecord to breed
associationor government agencies. Commercial producer
may do performance testingalso.However, because of the
labor and expense involved in recording @enfnce data,
commercial testing programs are typically letsherate than seed
stock programs.Listedin Table 1.1 are traits commonly measured in
severalspecies?

Selection Using Information on Relatives

Most animal breeders are unlikely tomili themselves to
individual ~ performanceinformation alone in making selection
decisions. They will use information on relatives well. For
example, when a dog breeder purchaseseight-week-oldpuppy
from anotherbreeder, she probably does not base her choite o
just the conformation angersonalitycharacteristics evident in such
a young puppy. She wants to evaluate those samts irathe
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littermates, the dam, and the sire. She mighttwarsee a copy of
the puppy's extendedpedigree to learn more about its ancestors.
Similarly, when beef cattle breeders evaluaesire to use via
artificial insemination (A.l.), they lookufther than the sire's
own performance for growth rate. They want to know ethimg
about the growtlperformancef his progeny.

Dam: A female parent. Sire. A male parent

The above examples illustrate the use of two wifie types of
information (data)on relatives: pedigree data and progeny data.
By examining the young puppy'sparents,littermates, and
extended pedigree, the dog breeder is using pliglata. She is
trying to learn something about the genes made awaildbl the
puppy through its parentsBeef cattle breeders, on the other
hand, are using progeny data. They are dgnyio learnsomething
about an A.l. sire's genes by evaluating the perdoice of his
offspring.

Pedigree Data: Information on the genotype or performance
of ancestors and (or) collateral relatives of an individual.

As the above examples should make cleae thformation
used to makeSelectiondecisions can be subjective, objective, or
something in between. The pedigree data usgdhe dog breeder
are, for the most part, subjective. The puppyapdPs may include
somesemi objective information on show championshigvon by
ancestors, but theébreeder'sobservations on conformation and
personality are essentially subjective iature. In contrast, the
progeny data used by beef cattle breeders areivedlatobjective.
They consistof carefully measured (we hope) weights of animals
taken at specifiages.

Table 1.1 Commonly Measured Traits

Species Trait

Cattle (beef): Pregnancy
Calving ease
Birth weight(kg)
Weaning weight(kg)
Yearling weight(kg)
Mature weight(kg)
Hip height(cm)
Pelvic area (cm)
Feed conversion (feed per gain)
Scrotal circumference(cm)
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Cattle (dairy)

Horses:

Swine

Poultry

Sheep:

ANIMAL BREEDING AND LIVESTOCK IMPROVEMENT

Breeding soundness
Back fat thickness (cm)

Days dry

Calving interval Milk yield
Fat in milk (%)

Protein in milk (%)

1 Wither height

2 Mature weight

3 Time to trot 1 mile

4 Time to run ~ mile

5 Time to run 1 mile

6 Weight started (draft)

7 Cutting score

8 Placing (in a race or show)
9 Winnings

1 Pregnancy

2 Litter size (number born alive)

3 Litter size (number weaned)

4 Weaning weight

5 21-day litter weight

6 Days to 23b

7 Feed conversion (feed per gain)
8 Loin eye area

9 Back fat thickness

1 Number of eggs in first year (layers)
2 Egg weight (g) (layers)

3 Hatchability (%) (chickens)

4 Feed conversion ratio (broilers)

5 Hot carcass weight(kg) (broilers)

6 Mature body weight(kg) (broilers)

7 Shank length (cm) (turkeys)

8 Breast weight (kg) (broilers)

1 Pregnancy

2 Number born

2 Birth weight

3 60-day weaning weight
5 Yearling weight

6 Loin eye area

7 Grease fleece weight

8 Clean fleece weight

9 Staple length

10 Breeding soundness
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6.0 TUTOR MARKED ASSIGNMENT

1. Explain how selection causes changes in the pedioce of
future generations of a population

2. Why is a selection generally more effective forhhgheritable
traits than for lowly heritable ones?

7.0 REFERENCESFURTHER READING

Richard, M Bourdon (2000).Understanding
Animal Breeding 2"%dition. Pp1-538
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MODULE 3 BREEDING SYSTEMSAND
SELECTION METHODS

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content

4.0 Conclusion

5.0 Summary

6.0  Tutor-marked Assignment
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1.0 INTRODUCTION

Selection: The process that determines which iddals become
parents, howmany offspring they produce, and how long they
remain in the breeding population. Selectiamthe process that
determines  which individuals become parentspw h many
offspring they produce, and how long they remain in the breeding
population. Most of us are familiawith the term natural
selection. Natural selection is the great evolutionafgrce that
fuels genetic change in all living things. The termnjomes up
visions of fossil records,speciescreation, gradual anatomical
and  physiological changes, and mass nexns. We
commonly think of natural selection as afiegt wild animals
and plants, but in facit affects both wild and domestic species.
All animals with lethal genetic defects, faxample,are naturally
selected against-they never live to become emar Animal
breederscannotignore natural selection, but the kind ofestion
of primary interest to them iscalled artificial selection;
selection that is under human control. Acigfl selection has
two aspects: replacement selection and culling. In replacement
selection we decidewhich individuals will become parents for the
first time. Replacement selection gets its naiman the fact that
we select new animals to replaceparents tieate been culled.
These newanimals are termedeplacements.

Animal breeders cannot ignore natural selection e kind of
selection of primary interest to them is called artificial
selection; selection that is under humarontrol. Artificial
selection has two aspectseplacement selection and culling. In
replacementselection we decide which individuals will become
parents for the first timeReplacemenselection gets its name from
the fact that we select new animals to replacensrehathavebeen
culled. These new animals are termeglacements.



ANP 507 MODULE 3

Natural Selection: Selection that occurs in nature independent
of deliberate human control.

We normally think of replacements as being youmgmals. When
you choose the pups mlitter, the lambs in a flock, or the calves
in a herd to be kept for breeding purposesjou practice
replacement  selection with young animals. Broadipeaking,
however, replacementselection need not be confined to young
animals. If you were a dairyman and you chtseise for the first
time a well known bull via artificial inseminatiorfA.l.); you would
still be practicing replacement selection. The bull i$ ypoung, nor
will he be a parent for thérst time, but he will be a parent for the
first time in yourherd.

20 OBJECTIVES

. You will understand breeding systems
. You will understand the selection methods
. You will understand the merit and demerit breediggtems and

selection methods

3.0 MAINCONTENT
3.1 Selection methods

This is the methods used by breedgosmake
long-term genetic change animals.

(a) Tandem: is selection for one trait at n time
improved, thenfor another? This is the most
efficient method if only one trait needs
improvement. With more traits it inefficient.

(b) Independent culling: can be applied for two or
morecharacters.

A minimum level is established for each trait
below which animals are culled. Animals which

satisfy requirements foall traits are retained. The

number of animals which can kkept decreases as

the number of traits under consideratinoreases.

(c) Selection index: is the most efficient method. It
uses onesingle value for any number of traits,
each of which is weighted byts economic
value. The value | equal the sum of traits
eachof which is multiplied by a certain
factor b (regression coefficient).
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| = b1X1 + h2X2 +...... +1bnXn

To construct a selection index information is
needed on thehenotypic and genotypic covariance)
gross and geneticorrelation)between each pair of
traits, and then of course the economadues (b).

All three methods of selection are also eazhll
mass or individual selection because selection is
based on thandividuals record. Mass selection is
simple, easy and effective with hidleritability.

Selection systems. Besides individual records
information on relatives is used or instead. This
applies when traits are measurablia every
individual (growth rate). Records on relatives must
be usedn two cases.

O] For sex-limited traits (milk production, egg
production);

(i) For data becoming available at slaughter daas
traits).

(a) Family selection: Is used when comparing
average performancef families (litters) and _—
selecting whole families, no mattawvhether
there are outstanding or poorer individuals in the
group. It isusedwhen heritability of trait (s) is
low, when there is little variationin the
common environment, when families are
large. However, intensity of selection is
lowered, much space is needed farany
animals, and some danger of inbreeding is
involved Figure : shows family selection (From
Johnsson-Rendel,968)

Family |Average daily gain imgrams X

1 A B CD 645
2 EFG H 675
3 IJKL 666
4 MN OP 680
5 QRST 656

,600625,650Q,675,700725,750 656



ANP 507 MODULE 3

If 8 animals are selected, the two best families (2
and 4) aretaken.Questions: What was the selection
differential?

(b)

(c)

(e)

Q)

(9)

(h)

Within Family Selection: (From Faicr,
1970).1f 10 animals are needed, you select the
two top individuals ineach family, no matter
how high or low the family average is.

Note: Individual or mass selection would be the
choice orthebestperformers.

Combined selection: applies bgthocedure#d)
Sib selection: uses information from sib
(full  brother or sister) average excluding the
individual underconsiderationwhile in family
selection it is included. The abowystemsare
based on information from contemporaries or
collateral relatives

Progeny or offering averages: can be used for
selection of aparent. It is widely applied in
progeny testing (to baliscussedlater). This
system lengthens the generation interval,
involveslarge numbers of animals and is time —
and spaceonsuming.

Pedigree selection: can only be used
together with otherinformation, or if alone
in the case no othemformationavailable.
Ancestors performance records become
less important the farther they are removed in
the pedigree.

Recurrent selection: is a scheme which
selects forcombingability by testing crosses
of individuals form one population (line)
against those forms a tester line which has
proven combining ability. The tester line is
usually highinbred.Individuals in the line tested
are selected on the basis hovell they cross.
Crossbreds, but this will depend on the
purebredsised; some do not combime=ll.

Reciprocal recurrent selection (RRS): involves
animals oftwo populations tested against each
other by reciprocatrossing,improving each
line simultaneously on the crossbred

10
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performance. There is no tester line. The two
lines need notbe highly inbred. But again
purebreds are selected, mobssbreds.

7.0 REFERENCESFURTHER READING

Falconer, D.S. (1970). Introduction to Quaniv&at
Genetics.Oliver and Boyd.

Johansson, |I. and J. Rendel. (1968). Genetics and
animal Breeding Oliver andBoyd.

Lerner, I..M. 1958. The Genetic Basis of Selection.
CampanandHill.

Richard, M Bourdcc)in (2000).Understanding
n
Animal Breeding 2 Edition. Ppl-538

11
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2.0 Objectives
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1.0 INTRODUCTION

The performance test on individuals and on brothend sisters is
used to determine which animal will be selectedbi@eding purposes.
These male animals are then progeny tested astiddst of breeding
value. One of the most important consequences brpeance testing
is that it leads to the scrutinization of the nekatimportance of the
different traits for which we select. This not ordgplies to measurable
but also to immeasurable attributes. In pigs fa@tance, performance
testing has highlighted the importance of good lagd the enormous
problem the pig industry has in this respect. Thaenes applies to
excessive folds in Merino sheep in harsh envirorimei\nimal
breeding is extremely complex in the sense th&¢mdiht characteristics,
some positively correlated, some negatively coreelaeand others un-
correlated, some very important, others less ingombrtmake up the total
economic and breeding worth of an animal. Withoigures it is
virtually impossible to select sensibly for such vary complex
combination. Also bear in mind that the economidugsaand the
breeding value of an animal is not necessarilystéi@e thing, as some
traits are readily passed on to the offspring wioitbers have a low
heritability.

12
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20 OBJECTIVES

. You will understand performance testing and proocesiu
involved

. You will understand the merit and demerit of pemiance testing

. You will understand progeny testing and its procedu

. You will understand the merit and demerit of pemiance testing

3.0 MAIN CONTENT

3.1 Performancetesting

Performance testing today forms the basis of bregatovement of
nearly all kinds of livestock in all the develop@destern countries of
the world. In South Africa, too, performance tegtis being accepted
readily as an indispensable aid in animal improvemia fact, as far as
methods and techniques are concerned, South Afaindbe regarded as
a world leader in many aspects.

The obvious reason for the success obtained bygugerformance
testing is that it leads to more accurate seleatibsuperior breeding
stock. This, however, is only part of the wholergtand it must be
stressed that performance testing merely supphés ahd that breeders
differ in their ability to utilize these data ineghsame way that they
differ in their ability to select animals efficiegptwithout objective
measurements. Given the best measuring techniguéata processing
system, the incapable breeder could still makerable hash of his
breeding enterprise. Performance testing inbfriahas, as a first
consequence, the formulation of breeding objestiwhich are
sensible, realistic and based on fact. Withoutgsarance testing the
stud breeder could easily fail to appreciate thacexeeds of his final
customer, the commercial producer. An example @¥ basily this can
happen is the fact that many beef cattle breedsisted on selecting for
traits such as coat colour, shape of horns, etoilevthe commercial
producer's needs shifted to economically imporfaoperties such as
fertility and growth rate.

3.1.1 Performance Testing Procedure

The performance testing procedure in Irish CattieeBing Federation is
as follows;

1. The bulls are made to enter a pre-entry tgolavhere they are

clipped, dosed, treated for lice and sortea ipens based on
breed and weight. For IBR- Irish BreedingResk, the

13
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pre-entry isolation period is 30 days andirdy which the
bulls are weighed if they meet the testing requests.

The bulls are housed primarily indoors arglythlso have access
to outdoor pen.

The bulls are fed ration at a less than adrdite until such
time as they have become acclimatized to the niéed. is very
important to maintain the health of the animal watlthange in
diet. They are thereafter moved to ad lib feedary] also given
a ration of hay twice a day. They are however mglediwith ad
lib water.

Health checks of the entire herd are cawigdhree times daily.
Bulls are provided with vitamins and emal lick, and a
mineral revitalize dose if requiréd

During the test the animals are weighed omthrae-weekly
basis to assess their growth rate.

The bulls are washed every four to six weelsng the test,
depending on weather.

Bulls are exercised on an open pasture p&daidce a week for
a three-hour period each time if deemed necessary.

All the traits that the animals are been testedafe measured,
combined at the end of the test and stored in@B#-Idatabase

3.1.2a: Advantages of performance testing

1.

2.

The results allow a genetic profile of aliraals with records and
related to be computed.

When performance test commence on thes,btheir new
information can help to improve their indexesan equal
measure.

3.1.3b: Disadvantage of Performance Testing

1.

Despite the test being carried out underdeale environmental
conditions, the average genetic merit of the graepted
generally remained similar before and after theégomance test.

3.2 Progeny testing

Progeny testing is a process by which a“sigenetic merit is measured
through the performance of his progeny. When theggmy are
evaluated, the genetic merit of the sire is momuetely assessed and
which provide the opportunity to use the hhrgnking sires in the
breeding programmes with confidence. The basis oéeding
programmes is the identification of superior indivals and their
widespread use within the population. It is a ttage operation in

14
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which the superior individuals are first identifiathd are then used as
seed stock for future generations. Preselection candidates for

progeny testing can be done by means of individuatformance

testing which might increase efficiency and redgosts in breeding

programmes

Progeny testing in animal breeding is used to datexr the true
breeding value of an animal especially males whiate used
extensively for propagation of best germplasm. Ewé&ensive use of
artificial insemination in domestic animals haspael in increasing the
selection intensity on the male animals. This g&lactool is usually
used for characters that are sex-limited, expresdtd death (meat
characteristics) and usually with low heritabilifpr example milk or
egg production in females. A bull for example canbe assessed for
milk production, however the performance of its &ben offspring's
can be used to determine the use of the animafufore crosses. A
progeny test is performed by mating the male wittumber of females
to produce many progenies in different environmamnd over a long
time period involving different seasons to nulltfye impact of season,
management, environment in breeding value estimafilhe average
performance of the offspring is then fourglying a measure of
the male's respective value to the breeder.

In animals the progeny testing could be conducted iarge herd or
involving associated herds or in the field in farm@lace. The field
based progeny testing is highly required when #lecsed bulls are to
be distributed in a large area, to many farmewfierent environments.

3.2.1: Progeny Testing Procedure

A typical breeding design for a Progeny TestinggPamme that can be
implemented in smallholder production situations rasearched and
documented by the National Dairy Development Basuas follows:

A certain number of young sires produced usingvéry best dams and
sires are put under test. Adequate number of mstglof bulls put to
test are distributed in selected herds/villagesrtsure that at least 80
to 100 complete first lactation record of daughtpex bull in as
many herds/villages as possible are made availédnieestimating
breeding values of bulls with a very high relialyili The very best 1-
10% of progeny tested bulls and the very best 10% of recorded
cows are used for producing the next generatioygooing bulls. The
young bulls are again put to test and the cyctepgated. The top 10 to
15% of the progeny tested bulls are dse@roduction

15
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Production (through contract matings) or identification of young
bulls of high predicted genetic merit

Test in&minations

Bulls laid off

Daughter’s milk production and other
records collected

l_B\reeding values predicted foibulls and all other animals. J

Bulls selected for wider use or culled J

Top A.I'bulls and top cows mated

Figure 1. Main features of progeny testing programmes farydcow
bulls (Andrabi and Moran,2007)

3.2.3: Factorsthat affect the usefulness of Progeny Testing

On the standpoint of genetic progress expecteom selection
using progeny testing, the usefulness of progtsging can be
greatly influenced by some factors and the mostontamt of them are:
Age and Rate of reproduction. These two factors have been reported
to have their effect on the generation intervalhaf results from the use
of progeny test and which can offset the advantagmore accurate
selection and reduce the rate of improvement oétain

Advantages of Progeny Testing

1. Genetic merit of sire is more accurately ssse
2. Provide opportunity to use high-rankingires in the

breeding programme with confidence.

Disadvantages of Progeny Testing

1. Progeny testing programmes are very long-term
2. It involves high cost
3. It requires high level of technical and pesienal skills

16
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4.0

Strong field artificial insemination andjuality semen
production infrastructure are needed.

Could only be entrusted to institutiodsgving requisite
experience and skills and financial resources.

CONCLUSION

Conducting a field based performance and progestintg especially in
small holder production systems of Asia and Afrieuire huge
resources both financial and infrastructural -rgdaAl network, robust
and dynamic data collection and analysis esgst Usually the
breeding companies conduct progeny testing of thelils so that they
can be commercially promoted. But when the breedinganizations
are Government controlled (eg.India), the onus ohducting the
testing also lies with them if required genetic rmgement is to be
achieved

5.0

6.0

W=

17

SUMMARY

Performance and progeny testing are very crucial atty

meaningful animal breeding programmes and leadsntoe

accurate selection of superior breeding stock

Preselection of candidates for progeny testoagn be done
by means of individual performance testing whitight

increase efficiency and reduce costs in breedingrammes

The trait to evaluate depends on the breeding bigsc for

example, beef cattle breeders may select for trith as coat
colour, shape of horns, etc., while the commerpiaducer's
focus will be on economically important traits suas fertility

and growth rate

The progeny test is needed most for traits whichnot be
expressed in one sex and for traits which are hghtl

hereditary.

The bases for estimating breeding value are pegligosvn

performance, and progeny test. As fast as sometseieis

practiced on one of these bases, the possibilioesfurther

progress by additional selection on the same beasdly

diminish and correspondingly increased attentiavukhbe given
to one of the other bases.

TUTOR MARKED ASSIGNMENT

Differentiate between progeny and performancertgsti
What are the procedures in performance testing?
What are the advantages and disadvantages of proggimg?
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4. Itemise the steps involved in progeny testing usspecific
example
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1.0 INTRODUCTION

Recent developments in molecular biology asthtistics have
opened the possibility of identifying and silgenomic variation
and major genes for the genetic improvemehlivestock. During
the last five decades, the application of methoasetd on population
genetics and statistics allowed the developmernahals with a high
productive efficiency.

These systems are based on simplified models oic gactionthat
assume a large number of or genes with smallvigehl effects in
the expression of the phenotype (polygenesyl emphasizes the
average genic effects (additive effects) overrtlmteractions. The
basis is predicting the breeding values of the atsrmsing phenotypic
and genealogical information. Molecular techniquEbw detecting
variation or polymorphisms exists among individuslghe population
for specific regions of the DNA. These polymorphssoan be used to
build up genetic maps and to evaluate differencawdéen markers in
the expression of particular traits in a familytthaght indicate a direct
effect of these differences in terms of genetiedaination on the trait.
More probably, the can prove some degree of linkahghe QTL
effecting the trait and the marker. Recently, mdthchave been
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developed to detect the presence of major genes fhe analysis of
pedigreed data in absence of molecular information

2.0 OBJECTIVES

. You will understand molecular markers and majoregen
. You will understand different molecular markers
. You will understand how to incorporate molecularrkeas and

major genes in animal breeding programmes
3.0 MAIN CONTENT

3.1 Molecular markers

A molecular marker is a gene or DNsequence with a
known location on a chromosome and assatiatth a particular

gene or trait. It can be described as a variatdnch may arise due to
mutation or alteration in the genomic lo¢iat can be observed.
A genetic marker may be a short DNA sequensach as a
sequence surrounding a single base-pair chasgele nucleotide
polymorphism, SNP), or a long one, like mini & nisatellites. Recent
years have withessed a (great interesiwards molecular
markers, revealing polymorphism at the DNA levas they play
an important role in animal genetics studiéghen differences in
DNA occur within genes, the differences hdle potential to affect
the function of the gene and hence the phenotypthefindividual.

Genetic markers which have been used a lot in #s¢ ipclude blood

groups and polymorphic enzymes. We have relatividw such

markers, but this has been overcome with the adeenew types of

markers.

However, most molecular markers are not associatgll a visible
phenotype. The main types of molecular markers\VlN&Rs, RFLPs
and RAPDs, AFLPs and SNPs.

3.1a: Variable number tandem repeat(VNTR"s ) are scattered at
various locations in the genome and are regionsg &ma highly
variable. These regions contain a type of DNA sageealled Variable
Number Tandem Repeat which are multiple copies skguence of
base pairs arranged in head to tail fashion. Famge, a frequently
found tandem repeat is CA, and one strand congithits type of repeat
reads CACACA..... , hotated as (CA)n. The other strarould read
GTGTGT... In this example, the number of repeatingelpairs is two,
but it can be more. When the repeating unit is teas four, the VNTR
is called a microsatellite and when the repeating i$ longer it is a
minisatellite.
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Microsatellites are DNA regions with variable numbers of short tamd
repeats flanked by a unique sequence. Microsallimake good
genetic markers because they each have many difféakeles’ - ie.

There can be many different lengths of the repegton. An allele

is defined by the number of repeats there ar¢ghatsame location.
With many alleles, most individuals are heterozygyaiving power to

note association between marker allele and perfocman progeny
inheriting a favorable linked QTL allele. ThrougretPCR reaction (see
below), which uses the unique sequences either sfdthe repeat
sequences as primer binding sites, microsatellitSADcan be

specifically amplified. The alleles an individuahraer at a particular
microsatellite locus can then be determined by swng the size of the
amplified fragment through agarose gel electropsisre

3.1b: Restriction Fragment Length Polymorphisms’ (RELP's): here

restriction enzymes enzymes cut DNA wherever thayd fthe

appropriate nucleotide sequence (eg. Eco R1 cuthealrecognition
sequence' GAATTC). If there is a mutation at theglsence, no cut is
made and the resulting DNA fragment is longer. Alsatation to give
a new recognition sequence gives a pair of shdregments. Genetic
differences (polymorphisms) of this type &feown as Restriction
Fragment Length Polymorphisms.

3.1c: Random Amplified Polymorphic DNA (RAPD) markas are
DNA fragments generated in PCR reactions that usengle short
primer (in normal PCR a primer-pair is used). Thampr must be
complementary to sequences that are on opposiedstiwithin a small
number of base pairs (say 2000). The DNA stranavdéen these two
sites is amplified in a PCR. Polymorphism is defead by individuals
who have mutations at those sites, and therefdtenatishow a product
on the gel. The advantageRAPD s is that we do not need to know the
DNA sequence of the species studied. A primer hartain chance
of randomly generate a PCR product. Hence, RAPRs clieap
markers to develop. The disadvantage is that RA&ID®r give or do
not give a product and therefore, we cannot disisigbetween homo-
and heterozygotes.

3.1d: Amplified Fragment Length Polymorphism (AFLP) is based
on PCR amplification of selected restriction fragwse Like RAPDs,
AFLPs require no prior knowledge of DNA sequencaslike

microsatellites). The advantage of AFLPs over RARDtat they are
more reliable and reproducible (depend less on Diuality and lab
conditions). Also, the number of polymorphic lomdlecular markers)
that can be detected is 10-100 times greater wihLBES than with
microsatellites or RAPDs
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3.1e: Single Nucleotide Polymorphismsare based on single base pair
polymorphisms. A SNP is a position at which twieermate bases
occur at appreciable frequency. In humans they mayber greater
than one in a thousand base pairs. SNPs can baatbtey a number of
methods, however a relatively new technology, usdNA chips, can
be used for large scale screening of numerous ssmpla minimal
amount of time.

3.1.1 Identifying molecular markers

Molecular techniques (such as polymerase chaintioma¢PCR) or

restriction enzyme digestion, followed by gel elephoresis) can be
used to identifying different alleles resultingftdNA polymorphisms.

Different alleles from a VNTR will have differenize and similarly,

RFLP‘s have different sizes (as defined by their name!)

Gel electrophoresis

Gel electrophoresis separates DNA according to.skegel is
essentially a slab of gelatinous material. DNApgleed to ‘wells' at the
top of the gel (which is submerged in a tank comitgy some buffer),
and an electrical current applied. DNA is negativeharged and is
drawn towards the positive electrode. Smaller fragis will move
down the gel faster, as it is easier for them toventhrough the gel
matrix as seen in the figure below.

solution  gel slots containing DNA samples

movement of DNA

ghorter
bands

© 2007 Encyclopadia Britannica, Inc.

Southern blot

A southern blot involves the transfer of DNA frongel (where it has
been separated according to size) to a special adypeembrane. The
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DNA on the membrane (which is in a denatured oglsinstranded
state) is exposed to a probe. A probe is a skeguence of DNA
that is complimentary to, and thus binds to, a DNéquence of
interest. Probe bound to the membrane is then Nagdl this can be
achieved by labeling the probe with radiation amxposing the
membrane to X-ray film. A Southern Blot will usualshow the
alleles of VNTR's on all chromosomes, giving a complex pattern
known as a DNA fingerprint as shown in the figuresldo.

Salt
w= = w= | solutionin
— — — | Petridish

D> | ===
Sponge
DNA loaded Electrophoresis Gel
on gel

Nitrocellulose membrane

\/
Transfer of resolved
DNA on nitrocellulose

membrane
N
2
.y =

(I
\
\\

<

R

$IIIIIIIIIIIIIIII

Exposureof XRayfilmto |1 o < = =2
washed membrane 2 z z
e Hybridized with specific
radioisotope labelled E:":\ gr?m?;ger:e
Autoradiogram Nucleic acid probes

Polymerase chain reaction (PCR)

The polymerase chain reaction (PCR) amplifies acifiperegion of
DNA as defined by two primer sequences. It can thasused to
examine one particular region of the genome. Bexanany copies of
one specific section of the genetic material aneegated, it is possible
to use this technique with very, very small amowft®ONA as starting
material (e.g. a single hair root or a small bla@tdin).PCR is a three
stage process. Firstly the DNA is denatured (madgles stranded),
secondly the primers bind or anneal to their completary sequence,
and thirdly the primers are extended by the aduitcd nucleotides
complementary to that on the template sequences (thquires the
action of an enzyme called DNA polymerase). Thise¢h stage
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process is then repeated 20-40 times as depictethenfollowing

diagram.
The PCR Process
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3.2  Major genes

Major gene is a gene with pronounced phenotype expression and
characterizes common expression of oligogenic setlaat is, a small
number of genes that determine the same trait. Mpgaoes control the
discontinuous or qualitative characters in cont@sminor genes or
polygené&s with individually small effects. Major genes segate and
may be easily subject to Mendelian analysis. Theegeategorization
into major and minor determinants is more or lebgrary. Both of the
two types are in all probability only end points & more or less
continuous series of gene action and gene intersti Recent
developments in molecular biology and statisticwehapened the
possibility of identifying and using genomic varoat and major genes
for the genetic improvement of livestock. The d&tec of major
genes using mixture models with segregation a@malgan direct the
work of identification of DNA marker genotypetowards
populations and characteristics with greater proipalof detecting a
QTL.
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The present trend indicates that moleculadigree and phenotypic
information will be integrated in the future thigh mixture models of
segregation analysis that might contain QTL effetfisough the

markers, polygenic inheritance and uses powerfdl fexible methods

of estimation such as Gibbs Sampling.

Recently, methods have been developed to detegrésence of major
genes from the analysis of pedigreed data in aleseficmolecular
information. These methods, based on mixture moaleds segregation
analysis, allow to direct the potentially exgive and time
consuming genotyping activities towards populatiand characteristics
with a greater probability of being controlled bydaL and to optimize
the collection of molecular data

3.2.1: Detection and use of major genes

In the last ten years statistical methodologiedetéction of major genes
based on pedigree and phenotypic information oulatipns have been
developed for animal populations. These methodshased on the use
of mixed models and segregation analysis to fit daga to a mixture
genetic model that includes in addition to the gelyic effects, those of
a biallelic major gene. Calculation is performedtio stages; firstly
genotype probabilities are obtained, then majoregémed effects and
polygenic effects are fitted and used to recaleutegw parameters by
regressing phenotypes on estimated probabilitiatcutation is iterated
upon convergence. Segregation analysis allowsrinfgithe unknown
genotypes from the probabilities of transmissiortha gene given the
phenotype of the individual and their relativesrdmxture models,
regression and Gibbs sampling estimation approadiege been
implemented to obtain estimates of the major egeeffects and
allelic frequency. Meuwissen and Goddard (}9®Valuated the
effect of including different proportions of inddaals genotyped for a
QTL in a mixture model that is based on the analgdisegregation of
Kerr and Kinghorn (1996) and a regression approahlth uses the
estimated genotype probabilities as weights in @ébmation process.
Unbiased estimates of QTL effect and freqyemere obtained in
absence of information on the genotype of @Q&L, but some
improvements in the precision of the estimatese observed as the
proportion of genotyped individuals increased. Thain limitation of
this method is that the genetic hypothesis is gdlyetimited (one
biallelic locus), thus, the presence of more adfledeuld not be detected.
Also, the location of the locus in the genome, Iisence of markers,
remains unknown. Mixture models can be modifiedntdude markers
associated with the QTL, instead of the direct ciffef the QTL in
addition to the information of the pedigree and phenotype. This is
achieved by modifying the additive numerator relaship matrix (A),
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according to the conditional probabilities of tramssion of the given
QTL the information of the markers. Thesevalepments can
make possible to evaluate the likelihood of the@el or another fitting
criterion, to prove the relation between the makand the QTL in
population animals with outbreed mating structur€sey also may
increase the possibilities of making MAS in animalpulations when
incomplete information exists on the genotypeshaf animals for the
QTL or markers so that the use of the genomic méion is

optimized. Scientist has developed a method touat@lthe amount of
genomic information that it allows maximizing a @ion of economic
utility for the analysis of QTL with mixture modelMajor genes have
been detected using these methods for carcassctdrastcs in pigs
based on a mixture model of inheritance and Gibéas@ing. Also,

important effects of major genes have been detegs#nly Findgene
software for several carcass characteristics itlecaind for parasite
resistance in sheep. This methods that make usdéoofmation currently
available in many animal populations, are an opfmna preliminary

screening for major genes that can contribute tiomalize the use of
expensive QTL-marker linkage estimation experiments

3.2.2 Incorporating genetic markers and major geng in
animal breeding programmes. Marker assisted
selection (MAS)

The addition of genomic information to phemit information to
increase the selection response to the tradlitiowdhod is known as
Marker-Assisted Selection (MAS). The concept of kéar Assisted
Selection (MAS) utilizing the information of polymhic loci as an aid
to selection was introduced as early as in 190@ fitethod where
marker genes used to indicate the presence ofatdsigenes is called
as marker assisted selection. Marker assistedtiesld®AS) is indirect
selection process where a trait of interest iscéetenot based on the
trait itself but on a marker linked to it. The pase is to combine all
genetic information at markers and QTL with th@henotypic
information to improve genetic evaluation argklection. The
advantage of using MAS is that the effect of geamsproduction is
directly measured on the genetic makeup of the aniand not
estimated from the phenotype. The integration ofo tselection
methods, i.e., traditional or conventional selattionethods with
molecular genetics methods beneficial to the selectresponse.
Multiple estimated QTL effects and multiple tragtiesction could help to
make better decisions regarding the use of MAS mmal
improvement. Combined with traditional selectiooheiques, MAS has
become a valuable tool in selecting organisms &sirdble traits. MAS
iIs expected to increase genetic gain comparedattitiznal breeding
programs and reduce the cost of progeny testingednyy selection
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of the potential young bulls. The application of MAN breeding
programmes depends on the knowledge of breederst alawiable
marker information from animal to animal and th&edent effects on
multiple traits and his ability to spend in genotypnformation that
helps in improve their commercial breeding actesti MAS also
provide an apparently possible approach to seleétipgenetic disease
resistance animals. In the future to make MAS @éfNecin large
breeding populations, the availability of largeiscgenotyping methods
and infrastructure that allows the generation afdrads of thousands of
molecular data at a reasonable cost will be nepgssa

3.2.2a: Marker assisted introgressionAn application that has been
mentioned in the literature is the introgressiomaor gene in another
population by means of backcrosses assisted bycolale markers. In
this case, it does not seem to exist advantagesiimgusingle genetic
marker information, in comparison with the use a@ilyophenotypic
information when the characteristic is continuousl ahe considered
genetic effects are additives. Nevertheless, msefeasible that using
a dense map that involves many chromosomal reqodswith more
than one allele of interest, the time for fixatiwithe major genes can be
reduced.

An example of introgression in pigs breeding isititeoduction of litter

size genes from the Meishan breed into Western pepds. The
possible gains from such strategies depend heawilyhe gene effect
and the frequency in the commercial lines. Intregi@n is expensive,
as it involves several generations of backcrossiogthe desired
genotype, while keeping a desired haplotype fromittrogressed QTL.
At the same time markers can be used to selechstgaaplotypes for
background genes from the imported line. This gahespeeds up the
introgression process and reduces the number @rggons needed to
arrive at the desired genotype (possibly in twoegations).

Marker assisted selection can also be used in esasklines of about
equal economic value. In that case, population witlekage
disequilibrium can be exploited, giving potentiallgrge increases in
response (Lande and Thompson, 1990). Genetic di@iumodels can
have a significant effect on the achieved genesponse, models with
random marker (haplotype) effects being superiecalose the approach
takes better account of the uncertainty of cettajplotype effects.

4.0 CONCLUSION

A rational use of the molecular methodologies respithesimultaneous
optimization of selection on all the genes affegtimportant traits
in the population. The maximum benefit can be ol@diwhen these
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techniques are used in conjunction with reprodectechnologies like
the artificial insemination, and collection and guation in vitro
ofembryos to accelerate the genetic change.There aisdanger
associated with a potentially inadequate use of Qilormation,
giving an excessively high emphasis to simple mdednformation in
detriment of the overall economic gain through w@dits and their
polygenic effects in the population. Disseminatminthe information
to the industry is therefore a complexismamcerning QTL effects
and molecular markers

5.0 SUMMARY

. The characteristics on which the application of &S canbe
effective are those that are expressed late ififthef theanimal,
or those that are controlled by a few pairs ofiledle

. Because of its high cost, the use of MAS could ustifjed, in
animal nuclei that allow dilution of the costs whgerm plasm
is extensively used towards the commercial poputatAlso in
those characteristics in which the procedures afventional
selection have reached their limits in efficienaytbe results
have been not satisfactory

. Before the molecular information on the QTlhich
control the characteristics of economic interegfenerated, the
detection of major genes using segregation anatysid direct
the work of identification of genotypestowards
populations and characteristics with greater abdlty of
detecting a QTL using molecular markers

6.0 TUTOR MARKED ASSIGNMENT

What are molecular markers?

Describe some molecular markers you know

What are major genes?

How are these markers incorporated in animal bngedi
programmes?

PwpbPE
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1.0 INTRODUCTION

Almost every cell in every living organismontains a cell-
nucleus that holds the pairs of chromosomes thake up the
genetic material. Each chromosome has within it tDh&lA
(deoxyribonucleic acid) that makes up hundreds ldusands of
genes. Many of these genes make proteins thatdnawenber of roles
in the body. Some proteins are structural and nugkissues like bones
and muscles. Proteins called enzymes are involvedchemical
reactions like breaking down the ingested food. [&/bithers are like
little messengers that send signals around thersyshese proteins are
known as hormones.All individuals within a specsdsire the same set
of genes but the precise DNA sequence of thesesgdiffers slightly
between individuals (by about 0.1-0.2%). While thedifferences
account for things like differing hair, eye andrskblour, they can also
be the cause of genetic disease or disease susligptiA disease
causing change in the DNA of a gene is called aatiart. DNA or
genetic tests are such procedures used to uncaxation or alterations
in genes that could lead to genetic disorders.

Many disorders in animals are observed more fretyen certain

breeds and within breeds more often in the sarfanilies.

Familiarity is assumed for a disorder wheamilies are observed
with more than one affected family member. Famitisdorders may
have a genetic contribution. The same is oftenneddi for disorders
which show a breed disposition. On the other hagehetically caused
diseases may not necessarily lead to bretereshces in incidence
but will contribute to variation among families hin breeds. A useful
starting point for answering the question whethdrsarder is inherited
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is by drawing pedigrees to provide an initial ingmien of the
distribution of affected and non-affected animaid &ow frequently the
disorder is transmitted from one generation tonévet.

20 OBJECTIVES

. You will understand DNA tests
. You will understand different types of DNA tests
. You will understand segregation analysis

3.0 MAIN CONTENT

3.1 DNAtests

These are diagnostic tests that are used to cordirdiagnosis in a
patient or animals with symptoms suggesting a @aer genetic
disease. For example, in human, a person with aemewut disorder
may be tested for Huntingtts disease. The genetic information from
the test is useful in the treatment, managemengandtic counseling of
the patient.Some genetic tests are used even wyr@ptams of a
disease are not seen, but the genetic informateynirelp in predicting

if the person is at risk of developing, ore asusceptible to a
particular disease.Genetic screening tests are;

1. Prenatal testing: This type of testing is offered during
pregnancy if there is an increased risk that theykm progeny
will have a genetic or chromosomal disorder. In sooases,
prenatal testing can lessen a couple's uncertaintyelp them
make decisions about a pregnancy. It cannot ideatifpossible
inherited disorders and birth defects.A good exanygdl this is
the screening in human is for Down syndrome in woieer 35.
Screening for Down syndrome is usually carried doyt
amniocentesis or chorionic villus sampling at 120-weeks of
gestation.Prenatal testing is used to detect clsangea fetus's
genes or chromosomes before birth.

1. Newborn screening is used just after birth to identify
genetic disorders that can be treated early in liflehumans,
millions of babies are tested each year in the ddnibtates
and Europe especially for phenylketonuria (a gendisorder
that causes intellectual disability if left untred} and congenital
hypothyroidism (a disorder of the thyroid gland)danystic
fibrosis (CF). A blood sample is taken from the bewn; this
blood sample is then sent to a laboratory fornesti
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3. Carrier screening is offered to parents-to-be so that they can
test if they are carriers for diseases such asiccygirosis
(CF).Carrier testing is used to identify people wterry one
copy of a gene mutation that, when present in tomes, causes
a genetic disorder. This type of testing is offetedndividuals
who have a family history of a genetic disorder éamgbeople in
certain ethnic groups with an increased risk ofcgjgegenetic
conditions. If both parents are tested, the test peovide
information about a couple's risk of having a chiiith a genetic
condition.

4. Diagnostic testing is used to identify or rule out a specific
genetic or chromosomal condition. In many cases)ete
testing is used to confirm a diagnosis when a @aer condition
is suspected based on physical signs and sympidragnostic
testing can be performed before birth or at anyetiduring a
person's life, but is not available for all genasall genetic
conditions. The results of a diagnostic test cafiuemce a
person's choices about health care and the managerhé¢he
disorder.

5. Preimplantation testing, also called preimplantation genetic
diagnosis (PGD), is a specialized technique that realuce the
risk of having a progeny with a particular genetor
chromosomal disorder. It is used to detect gendtianges in
embryos that were created using assisted repregueichniques
such as in-vitro fertilization. In-vitro fertilizedn involves
removing egg cells from a wonién ovaries and fertilizing
them with sperm cells outside the body. To perform
preimplantation testing, a small number of celle taken from
these embryos and tested for certain genetic clsan@aly
embryos without these changes are implanted inutkeus to
initiate a pregnancy.

1. Predictive and presymptomatic types of testing are used to
detect gene mutations associated with disordetsajbpear after
birth, often later in life. These tests can be hglp people who
have a family member with a genetic disorder, bhbwave no
features of the disorder themselves at the timaesfting for
example in dairy industry to guard against oamuce of
mastitis. Predictive testing can identify ntigas that
increase a person's risk of developing disordetl waigenetic
basis, such as certain types of cancer. Presymptotaating can
determine whether a person will develop a genesierder, such
as hereditary hemochromatosis (an iron overloadrdis),
before any signs or symptoms appear. The resul{gefictive
and presymptomatic testing can provide informatedbout a
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persofis risk of developing a specific disorder and helphwit
making decisions about medical care.

7. Forensic testing uses DNA sequences to identify an individual
for legal purposes. Unlike the tests described apdarensic
testing is not used to detect gene mutations assaciwith
disease. This type of testing can identify crimecatastrophe
victims, rule out or implicate a crime suspecdt establish
biological relationships between people (forample,
paternity).

311 Methods and techniques used in genetic testing

Before a genetic test is carried out, clinical eketion is carried
out and a detailed family history gotten. This vaélp in working out
which gene may be responsible for the disease estmn. In  human,
the patient will be referred to a genetic umsellor who can
inform them about everything that is involved wgénetic testing. The
genetic counsellor can tell you what it means toweha particular
genetic change and how this can affect individualthee family. In

the case of animals, these will form a basis oftiveto cull the animal
or to be applying symptomatic treatment. Almost géinetic tests
require a DNA sample from the patient; this is Ulisuabtained by

either a blood sample or mouthwash (buccal swabiclwis then

taken to a genetic testing lab for analysis.A numidfetechniques are
used in the process of genetic testing, thesedeclu

1. Polymerase chain reaction (PCR) and DNA sequencing

The polymerase chain reaction (PCR) is a methodamwplifying
(copying) a small amount of DNA to a larger amosatthat it can be
analyzed closely. The genetic code of the DNA camé&termined by a
method called,DNA sequencing This then allows scientists to
determine whether or not there is a change or muataresent in a gene
of interest.

2. Indirect genetracking (linkage analysis)

If the gene associated with a hereditaryeals in a family is
not known then linkage analysis can help in idgng the
responsible gene. The technique is based on thehatspecial DNA
sequences that flank particular genes will travéhwhe gene when
passed from parent to child. These DNA sequences called
»polymorphic marker$ or ,polymorphic repeat sequenteshe closer
that one of these markers is to gene the moreylikels that it is
travelling with the gene. If a particular polymormphmarker is found
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only in members of a family with a particular diseahen it is likely
that a gene located near the marker is associatedhe disease.

Advantages of genetic screening

Through genetic testing we may be able to scregoulptions for
diseases in order to better diagnose, treat aneéprelisease. Reducing
the incidence of disease has major impacts on a@nafi great
importance to:

Families: When a child is born with a particulasehse, there may be no
apparent family history. With simple genetic tegtior carrier status of
the parents, the birth of a child with disease dddve been prevented.

Health resources: The birth of a child with a genéisorder adds stress
to health systems and resources. Carrier scregimgrams could act
as important components of the medical system @venting disease
through offering people informed reproductive clesic

Disadvantages of genetic testing

Many people would rather not know if they have a-gisposition to a
particular disease. People may have enough smeg®ir lives already
to have to deal with an oncoming genetic disease¢hat they are a
carrier of a particular disease mutation that mégca their future
children. There is also the possibility of somet sirnegative stigma
attached to having a carrier status for a partiadiease.

If the genetic cause of a disease is identifiec ipatient, it does not
necessarily guarantee that there is a cure fordibease. A treatment
or therapy may not yet have been developed. Thdifabation of a
disease gene means a large step towards findingreg it is often
of no great immediate benefit to the patient.

Ethical issues associated with genetic testing

As carrier screening would involve the screening af possibly
asymptomatic population, it inevitably raises a bemof ethical issues
in terms of consent, privacy and education, whiokech to be
considered. It is important that all persons inedhare appropriately
educated, their consent obtained and the confalégtof their genetic
information upheld.

Prenatal genetic screening can inform parents efhbalth status of
their unborn child. In the case of a prenat&gdosis of disease,
parents are able to assess their options amke decisions
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accordingly. Foetal genetic testing does howevéserdahe issue of
abortion, often a particularly sensitive and congérsial matter.

3.2 Segregation Analysis

General evidence for genetic contribution to a miep is given when
environmental factors can be excluded as the @dgansible causes for
a disorder and a significant proportion of the gitgpic variation of a
disorder can be explained by genetic modé&Mih increasing
molecular genetic data, the type of gene actioredbas known DNA
sequence variation can be characterized by indwidienes and the
nature of complex genetic traits can be understoauaich
better.Segregation analysis is employed to determihether familial
data for particular disorders or other traits asenpatible with specific
modes of inheritance. Modes of inheritance testad segregation
analyses includemonogenic (Mendelian), digenic or polygenic
models. In addition, age of onset, sex effects and sargmcheme can
be taken into account besides the specific gergtmothesis under
consideration. Simple segregation analysis tests #egregation
parameter® under a specified sampling scheme and mating type.
Pedigrees used for segregation analysis may be fspatifically
planned mating or randomly sampled pedigrees wibitrary structure
or sampled through ascertained cases in clinicget@rinary practice.
Arranged mating among animals can be more eastedefor specific
modes of inheritance than pedigrees with arbitistrycture, missing
data and many inbred animals. In the case of a de®ase and an
autosomal dominant hypothesis, the segregation #a assumed to be
0.5 as families segregating for the trait are nlikgtly composed by
mating of heterozygous affected and homozygous qaoriers. As far
as the segregation ratio is not significantly degfg from6 = 0.5, this
mode of inheritance is accepted. Differentthads for estimating
0 have been developed and are easily applied lESiniglethod,
Weinberg's General Proband Method). These simpl@oaphes to
segregation analyses often encounter problems wlifearent mating
types have to be considered and several hypottesesore or less
likely. Complex segregation analyses have beenldeed to allow for
more factors to vary and to reduce the restrictmmsssumptions to be
made for the model tested. Methods used to solee likelihood
functions are based on maximum likelihood or Marldhain Monte
Carlo approaches (Gibbs sampling).

COMPLEX SEGREGATION ANALYSIS
Complex segregation analysis is based on a matieahatodel that

incorporates several, functionally independent mponents to
accommodate for arbitrary mating types, ddfégr modes of
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monogenic or oligogenic inheritance (major gends), allow for
polygenic variation and non-genetic variation imiéidn to major genes
and different data types such as binary, catedaaimwé continuous data.
In addition, age of onset of a disease and samg@oigeme (random
pedigrees versus non-randomly selected pedigreeshe modeled. The
basic model as formulated in the Elston-Stewarbratlym was the basis
for the more complex models. The Elston-Stewarbratigm included a
component describing the joint distribution of gemes of mating
individuals whereby these genotypic distributiosns from a single
locus with two alleles (monogenotype), a fewcilavith each two
alleles (oligogenotype) or from a polygenotygdistribution with an
infinite number of genotypes (polygenotype). Theosel component of
the Elston-Stewart algorithm specified the reladlip between the
genotypes and phenotypes, separately for each ygendpenetrance
function). Mathematically, the phenotype investaghis modeled as a
conditional probability on the genotype underlythg model used. The
simplest genetic model for a dichotomous trait amdmonogenic
autosomal inheritance of two alleles is then comefyedefined by the
following genotype to phenotype relationshipgiadl) = gaa(l) = 1,
gadl) = 0 and gA(0) = gaa(0) = 0, ;ad0) = 1, where the conditional
probability equals unity when for the genotypes Ahd Aa the
phenotypic outcome is affected (=1) and for the oggwe aa the
phenotypic status is unaffected (=0). Similarlya €ompletely penetrant
recessive trait is assumed, we have the followingndtional
distributions: gq1) = 1, gaa(l) = gAA(1) = 0, gaa(0) = 0, Ax(0) =
gAA(0) = 1. Two- or three-locus models give raise tacm more
models (phenogrammes) how the oligogenotype isteclavith the
phenotype. If we do not wish to assume completesfpance we can
introduce for each distinct genotype or groupsefaypes a specific
penetrance. For X-linked loci, the conditional disitions of
phenotypes have to be defined for males &erdales separately.
Furthermore, traits only expressed in males orafes can be modeled
via the penetrance parameter allowing fully expedsgraits only for
one sex. Just as the phenotypic distribution mapdedependent, so
the disorder considered has a variable age of oasdt thus the
observation whether the disorder is expressed,ndispepon the age at
examination of each individual. Then the probapititat an individual
with a genotype AA, Aa or aa is affected by a sfeege depends of
the age- related susceptibility of the genotypéhodisorder. When we
turn to polygenotypes, we use normal distributiamctions. In the
case of a binary or categorical phenotype, this @hodrresponds to
the threshold or liability model. The polygenotypase normally

distributed withgenetic variancesZG and residual varianceZE. An
individual is affected or mildly/severelgffected whose liability is
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greater than the threshold. The threshold may dégmend upon the
genotype of an additional monogenic locus.

The mode of inheritance can be described how thetgevariability is
passed on from one generation to the next and mmsuized
mathematically by the genotypic distributions ofe tloffspring in
dependence upon the parental genotypes. Let usmasghat an
individual has parents with genotypes s and t, ttien conditional
probabilities for the genotypes of this individuedn be viewed as
elements of a stochastic matrix called the gene#osition matrix,
probability (P) for the individual genotype giverrgptypes of parents s
and t, P(¢glgr,gm). All types of monogenic and oligogenic inheritanc
can be parameterized in terms of transmission pibties. In the
autosomal monogenic model with alleles A and B, ttasmission
probabilities are the probabilities that an induatl with genotype AA,
AB or BB transmits the allele A to offspring. Usitige definitions for
the transmission probabilitespAA=1, tAB=0.5 and tBB=0, the
probabilities for the genotype AA of the individuaith parents s and
t are equal tastt, the probabilities for the genotype AB with paien
and t are equal tas(l-tt) + tt(l-ts) and the probabilities for the
genotype BB with parents s and t are equal tog|{l-tt). Extension to
several unlinked loci and linked loci is straigmtfard. Linked loci
require recombination rates among loci as furtteeameters. Polygenic
inheritance using an additive model can be modéledugh the
transmission of the gamete values being forSany polygenotype.
The polygenotypes of offspring are produced bg thid-parents’

values of their polygenotypic effects with variamx,zG/Z.

Sampling scheme describes the way how individuaiewgelected from
the population for study. Random sampling meang tha take a

random sample of individuals from a population @meh augment this
sample by including all or a random sample of redst up to a certain
degree of relatedness. When well-designed recordicigemes are
introduced, random samples of progeny or sibshigs teir ancestors
can be collected. These samples can be collected ispecific

geographic area which is not critical as long abviduals outside this
area are not selected according to their phenotypgenotype. Rare
conditions are hardly studied in random samples céemmany

uninformative families are collected. Typically fahis situation,

families are included in the study because at least member of the
family is affected. The kind of the non-random s&éngp procedure is
characterized by the type of ascertainment. Commstertainment is
given when a sibship enters the sample ienépntly of the
number of additional affected members. The opposittreme to
complete ascertainment is single ascertainment. probability for an
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affected individual tends to be zero to be brougtd the study when
there is not more than one affected family membwmomplete multiple

ascertainment is the situation between single aminptete

ascertainment. To ensure a valid segregation asalylse kind of

ascertainment should be identified. Methods of netion of the

segregation ratio depend on how the families haentbrought into the
study. A likelihood function based on the composeftthe segregation
analysis model can be derived and maximized ford#a observed.
Since the likelihood function includes the differeypes of genetic
models as well non-genetic factors, submodels eatested against the
most general model. Inferences can be performe@dtr continuously

and categorically distributed data and genetic rsodbat include

monogenic, digenic, polygenic and mixtures of maog and

polygenic as well as oligogenic and polygenic medeA genetic

background of a trait analyses is given when thedel explaining

only non-genetic factors can be rejected amddels including

genetic components explain a significant proporidrthe phenotypic

variation.

A likelihood ratio test statistic is used to comgpaa specific null
hypothesis (l8) defined by a specific model (restricted modebBiagt a
most general (not restricted) model. The test sttatiasymptotically
follows ax2-distribution, and significance levels can be olgd by
using this distribution. Degrees of freedom areegiby the difference
of independently estimated parameters for the nsodempared. The
information criterion of Akaike (AIC) can be used an additional
measure to choose the sparsest model with thefibéstthe data. The
model with the smallest AIC fits the data best vatiminimum number
of parameters but all hypotheses that cannot leetegj against the most
general model using the likelihood ratio test malsb be considered as
possible. The AIC criterion cannot be used to eXela hypothesis if
this model was not rejected against the most génedel by using the
likelihood ratio test.

Complex segregation analysis is a powerful tootlébect major gene
variation. Quantitative genetic models rely on #ssumption of many
(infinite) loci with very small and equal effectBhis model is severely
compromised in the presence of segregation of nggaoes. Extensions
and improvements of algorithms made to the simptgegation models
allow to estimate major genotype effects in tframework of the
methodology developed for quantitative genetalysis. Gibbs
sampling can be employed to estimate non-genefectsf genotype
frequencies and  their  associated genotypieffects and
gquantitative  genetic variation including | edlationships of the
animals. When information for genetic markers inpgation-wide

linkage disequilibrium or mutations of genes oassted with trait
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variation can be included in the analysis, dkaotypic distributions
need no longer to be estimated and inferences e@mehotypic effects
are much more precise. Such genetic polymorphigrable us to model
the gene actions and their interactions in netwéokomplex genetic
traits.

4.0 CONCLUSION

Complex segregation analysis is a powerful tootlébect major gene
variation. Quantitative genetic models rely on #ssumption of many
(infinite) loci with very small and equal effectBhis model is severely
compromised in the presence of segregation of nggaoes. Extensions
and improvements of algorithms made to the simptgegation models
allow to estimate major genotype effects in tlramework of the
methodology developed for quantitative genatalysis. Gibbs
sampling can be employed to estimate non-genefectsf genotype
frequencies and their  associated genotypieffects and
guantitative  genetic variation including | edlationships of the
animals.

50 SUMMARY

When information for genetic markers in populatiside linkage

disequilibrium or mutations of genes associategth trait variation

can be included in the analysis, the genotystridutions need no
longer to be estimated and inferences on the gpiogffects are much
more precise. Such genetic polymorphisms enabte usodel the gene
actions and their interactions in networks for ctexenetic traits

6.0 TUTOR MARKED ASSIGNMENT

1 What is DNA test?

2. Describe four methods of DNA test

3. What are the advantages of DNA test?

4 What is segregation analysis? Describe any methad you
know
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1.0 INTRODUCTION

The common animal species have a narrow genetid doe to
domestication. In contrast, theirs wild relatives a result of genetic
history and selection pressure are becoming inrvese of natural
genetic variation. Genes associated with desiredymtive traits such
as higher yield or disease resistance that coultb$tein the breeding
process can be restored using these wild spectss.pfoblem for
breeder is to find the genes and find an efficieay to trace the genes
and to incorporate them in breeding poputetio A survey of
genetic relationship using molecular markers s polymorphism
information about a germplasm pool that is usefl €feveloping
mapping and breeding populations. If quantitatragtd have also been
evaluated for the same accessions, then statigt&sciations can be
sought between markers and quantitative traits.h Sagsociations can
be used to select a subset of candidate probes wimanced
potential for use in subsequent mapping experiments

20 OBJECTIVES
. You will understand quantitative traits and quative trait locus

. You will understand methods of determining assaommet
between genetic markers and quantitative traitdoc
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3.0 MAINCONTENT

3.1 Quantitativetrait

A guantitative trait is one that has measurablenptypic variation

within a population owing to underlying variabilitpy genetic and/or
environmental influences. A QTL is a genetic logaswhich allelic

variation affects variation in the observed phepety Generally,

guantitative traits are multifactorial, meaning ythare influenced by
several polymorphic genes and environmental candti To map a
QTL, its influence on a trait must be detected acudsiderable “noise”
from other QTLs and non-genetic sources of indigldeariation. This

has been made feasible through the implementatigecbnologies to
identify genetic polymorphisms throughout the gerorand the

development of statistical methods to map QTLs figpacific genetic
marker and phenotypic (i.e., trait) data. The idmattion of the

chromosomal regions where marker allelic and phgreotvariation co
vary implicates the presence of a QTL. Each QTLnidies the

genomic location of a gene or genes (refertedas quantitative
trait genes or QTGSs) affecting the trait of ietsr The power of this
approach was demonstrated first in plants and iatevdents, and has
been used widely to identify genetic contributidasa wide variety of
complex phenotypes. The observed distributions wntjtative traits

can arise because the traits are influenced by rgangs, which result
in many possible genotypes, and also by environsnemhus the
difference between the means of genotypes are enaide because
of the variability among the environments in whicidividuals with

any particular genotype live.

Quantitative Trait L ocus Mapping

A guantitative trait is a measurable phenotype gmgrfrom genetic
and environmental factors that is distributed ingmtude in a
population rather than all or none. A quantitatikagt locus (QTL) is a
specific chromosomal region or genetic locus in clhiparticular
sequences of bases in DNA markers are statistieadbociated with
variation in the trait. Several polymorphic genew anvironmental
conditions often influence these quantitative sraahd one or many
QTL(s) can influence a phenotypic trait. Inbredasts, selected lines,
and other genetically specified populations havenbesed in studies
analogous to the human population association amdhde studies
described above.

The goals are first to locate a QTL harboring a egew genes

affecting the trait to be mapped, and then refivee genomic map until
a single gene or genes can be implicated in thecefn the trait.

41



ANP 507 MODULE 7

Currently, QTL fine mapping usually involves thevdmpment of
congenic strains. In a congenic strain, a very ssaguence of DNA on
a chromosome is moved from one genetic backgroumd another
inbred strain background. An excellent disoussof QTL mapping
methods discusses, in depth, the trait of alcohtfidrawal severity. Of
course, each QTL generally accounts for only a lspraportion of the
variability in a complex behavioral trait like adtion, so this is a
difficult task and cautious interpretation is wauted. The probability of
success in QTL mapping depends on:

1) the heritability of the trait;

2) whether the underlying quantitative trait géQd G) is dominant,
recessive or additive;

3) the number of genes that affect the trait;

4) whether or not their effects are interactived a

5) most importantly, the number of subjects tlaat be tested (i.e.,
the statistical power of the mapping effort).

Many addiction-related traits have been targeted @3L mapping
studies, although very few of these QTLs have Wvedanced to QTGs or
quantitative trait nucleotides (QTNs). The recemécavery of the
addiction-relevant QTG, Mpdz, which possesses pilgic effects on
the predisposition to severe alcohol and barbiuratithdrawal,
demonstrates the power of this approach. Furthadies have shown
that variation in the human MPDZ gene is related atoohol
drinking. Unfortunately, QTL studies have yet tsolve to a QTG for
drinking, in part, due to problems discussed abd¥ewever, three
candidate genes, neuropeptidea¥synuclein, and CRFR2 have been
associated with ethanol-seeking. Encouraginglemnge shows some
consistencies for alcohol and other substance-aiEpee phenotypes in
humans and mice. The more long-term goals of QTLppimey
projects are then to move to human populationsstodies of the
homologous or orthologous gene, and use informatdyout the
biological effects of thgené's product to help design therapeutic agents
or other therapies.

When breeders work with a particular trait in aceg, they start to
work with the genetics of the trait. Many agricuétlcharacteristics are
controlled by polygeriss and are greatly dependent of genetic x
environment interactions. In an aim to work withe tipatterns of
segregation and inheritance for breeding thosestraie think about the
positions of the traits in a genetic map. Currentlfzen the position of a
gene controlling traits is inferred we work withots of genetic or
physical mapping, depending on the information labkée for the
species and the trait.
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Traditionally it has been a challenge for breed&yswork with
guantitative trait loci (QTL), with the developmenof molecular
markers technology, it has been possible fmlow QTL
segregation detecting markers linked to traitsndérest and assessing
effects, number and location of QTL in chromoson#gsalternative to
QTL mapping is association mapping also called @ason genetics,
association studies and linkage disequilibrium nvagap These two
methodologies have been advocated as the methodhate for
identifying loci involved in the inheritance of cphax traits.Association
mapping seeks to identify specific functional vatg (loci, alleles)
linked to phenotypic differences in a trait to faate detection of
trait causing DNA sequence polymorphisms and seledf genotypes
that closely resemble the phenotype (Orageize., 2007). In order to
identify these functional variants it requires hitfiroughput markers
like single nucleotide polymorphisms (SNPs).

Molecular markers are used not just to generatetgemaps but also to
locate the places of interest in those maps wahintidence in the

expression of the trait. That is because they sed un marker assisted
selection programs. To improve the breedingthods efficiency,

breeders are using markers assisted selectionigeEmthat show great
advantages compared with traditional selection odthbased on
phenotypic traits evaluation. Molecular techniqualfow accurate

selection in early stages focusing directly ingésetic base.

In order to locate QTL in a genetic map relatividw techniques have
been developed, one of thosdiigkage mapping. Linkage mapping is
the traditional method for QTL mapping, it impliesto  generate
simple crosses derived populations and estimate marker-gene
recombination frequencies. Population mapping iseqdently
developed from diploid parental that are originatpdrtially or
completely from wild species. Such populations shomly a small
proportion of all the possible alleles. In contrashother method is
association mapping based on linkage disequilibrium (LD) concept; it
is a method that exploits the diversity observedxistent cultivars and
in breeding lines, without developing new populasio

Most of the important limitations for linkage mapgican be overcome
using association genetics. Association genetilmes not require
building segregating populations and it can emphrger germplasm
exploiting the natural variation that exists in theailable germplasm
and resolution for association could be of at leds cM depending on
LD decay of the species.
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3.2 Principles of genetic mapping population

Genetic mapping is mainly employed with two ainwsidentify genetic
factors or loci that influence phenotypic traitsdamo determine
recombination distance among loci. As a condition fnapping the
traits to be studied must be polymorphic. One waydetecting those
polymorphisms is using molecular markers.Genetippiry by linkage
IS supported in genetic recombination, as condition mapping a
particular trait. This trait should be polymorphatisplaying preferably a
wide variation among the individuals under studyhe&nN applying
molecular markers in staid of a phenotypic tragsth markers should be
polymorphic as well, showing allelic variation. Theelection of
polymorphic markers required for QTL and singleittranapping
depends on the existing knowledge regarding theispdo study. In
species without detailed information of its sequetiee candidate gene
approach may be used. This approach is basedherproduction of
markers from gene sequences that they have Hesmrved to take
place or they are suspected that have a functimialin the selected
trait.

QTL mapping begins with the gathering of genotyaid phenotypic
data from a segregating population, and it is fedd for a statistical
analysis where all the major loci responsible & trait variation are
located. This analysis usually referred as prim@iyt. mapping could
locate a QTL in an interval of approximately 1030 cM, which may
include several hundred of genes. Therefore, timetgeresolution has
to be improved by assigning a QTL to the shortdstomosome
segment including ideally one single gene. Thelfigaal is the
identification of DNA coding or not coding sequesa@sponsible for
QTL (QTL cloning).

3.3 Determining associations between genetic markers and
guantitativetrait locus (QTL)

Two methods have been employed for verifying themeaisition between
the shortest possible regions of a chromosome thggeng molecular
markers and the value of the studied trasitional cloning and
association mapping. QTL cloning is difficult because of the resolution
limitations, even though many QTL had been clonedes2001 when
the first QTL was cloned in but also in that yeae @TL from rice was
cloned as well, since this at least 20 QTL weraetb

Positional cloning allows QTL resolution but it is necessary to pragluc
a second and larger mapping population of 2000 orent2 plants
derived from a cross between two parental neadgenic lines with
alleles functionally different in the targeted QTLhese parental lines
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are called QTL-NILs (quantitative trait loci-neairilyogenic lines). The
generation of these lines can be archived doingkenarassisted
backcrosses or iteratively identifying and selfimglividuals that are
heterozygous at the QTL region. The productionumhsNILs can last
several years depending on the plant material. rfQthportant aspects
to consider are the genetic limited variability asesult of the use of
only two parental. The generated population coelgregate for just a
fraction of many QTL that may affect the same trait other
populations. For primary QTL mapping, Monte Carlondations
have shown that at least 200 individuals from tlegregated
population are required. For higher resolutionreagiired for positional
cloning, progenies of several thousand plants aszled. For example,
in the Alpert and Tanksley’'s work in 1996 more th&400
individuals were analyzed to obtain a detailed nampund a fruit
weight locus in tomato.

As an alternative to positional cloning, QTL may betermined

using association mapping. This method allows identifying a statistic
association between markers or candidates locithedoverall of an

analyzed phenotype within a set of genotypes (ahtpopulations,

germplasm accessions and cultivars). It is importiat the plant

collection contains a wide spectrum for the traitevaluate, and in
particular it is an advantage for the analysishé tollection shows up
extreme phenotypes.

Five main steps exist for the association studies:

1) Selection of the population's samples,

2) Determination of the level and influence of tls¢ructure
population on the sample,

3) Phenotypic characterization of the populationtie interest trait,

4) Population genotyping for regions/candidateegecandidates or
as a whole genome scan,

5) Assessment of the association between genotyped
phenotypes. The selection of the association setitd last step
and it depends on the population's characterisAssociation
mapping uses ancestral recombination and geneatural
diversity within a population to analyze qu#ative traits and
it is built on the base of the LD concept.

It is used to think that the terms linkage and digé disequilibrium have
similar meanings. However, although they are rdlagenetic linkage
makes reference to the correlated inheritance oflbwi through several
generations because the two loci is at a suffiieshort physical
distance that recombination meiotic events do nwodws up, and
selection acts in the same way over the two lotienas LD refers to

45



ANP 507 MODULE 7

the identical frequency in the presence of twoledleof different loci
inside a population, and this non-random associatem be caused by
other factors than linkage.

Contrary to linkage mapping, where the genetic napscreated using
generations of well characterized pedigrees gee@éritbm simple or
multiple crossings, the LD based association studian rely on the
variation generated by the segregation in natucgufations of non
related individuals. It is expected that the perddime until the most
recent common ancestor between two non relatedvithdils of a
population is bigger than the time presented bypufation generated
by a crossing, for this cause the samples usedinmlapping present
more informative meiosis, generated through histtingn the meiosis
showed up in a traditional population mapping. Meiois considered
informative when effective recombinations are gated, sending
information from one genetic pool to other gengtaol. In this way
ancestral recombinatitea can capture mixing between different
populations and within this when LD is present thisnportant for the
association assessment.

Factorsthat affect LD

LD is affected by biological factors, as the recamakion and the allelic
frequencies, and for historical factors that affgmpulation size, like the
selection, and bottlenecks with extreme genetitt, dselection for or
against a phenotype controlled by two non linked (epitasis). Mating
patterns and gene flow between individuals of gealy distinct
populations followed by intermating can stronglfluence LD.

LD decreases faster in out crossing species thiingsspecies, this is
due to less effective recombination in selfing sgecwhere the
individuals are more likely to be homozygous thanout crossing
species.

In presence of a high LD a low density of markeysrequired in a
target region. With low LD, many markers are regdirbut the
diagnostic markers resolution is higher, potentiattil the level of the
gene or of QTN (i.e. the quantitative trait nucidet polymorphism
responsible for the QTL effect). It is expectedhhiariable levels of
LD through the genome due to variations in recormfiom rates,
presence of hot spots and selection, variatiore@@mbination rate is a
key factor that contributes to the variance obstiad_D patterns.

Possible complications to measure LD and thereforearry out the

association mapping, can show up due to structoplption in the
studied sample. The influence of structure popatatiepends on the
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relationships among sampled individuals. So, pdmra to be
employed in an association study should be classiiccording to the
sample individual relationship. Structure populati@an generate
statistically significant but invalid biologicallgssociations.

Low LD levels are expected when the population iieide and the
common ancestor within the individual populationte® far in time,

also low LD is not distributed uniformly along &le genome and it is
located in short distances around specific locijcWwhproduce only
significant cooccurrences among physically neari, Idocreasing

mapping resolution.

4.0 CONCLUSION

Breeding, domestication and a limited genetic flaw many wild

species have generated erosion processes andicgdnét that have
produced  structured populations (i.e. populatiomsth allelic

frequencies differences among sub-populations These
populations generate not functional significassociations among
loci or between a marker and a phenotype, ev#mout marker
physically binding to the responsible locus for pbtgpic variation.

50 SUMMARY

In Summary, different methods have already beememgded; these
methods make it possible to interpret results ofoestion tests,

controlling statistically the effects of stratifigdopulations, because
association studies that do not keep in mind tHectf of structure

population must be viewed with skepticism. All taesethods are based
on the use of independent marker loci to detect @rdect stratified

populations.

6.0 TUTOR MARKED ASSIGNMENT

1. What is quantitative trait locus?

2. How do you determine associations between genetikens and
guantitative trait locus?

3. State steps involved in association studies

4. What are the factors that affect linkage disequiimn?

7.0 REFERENCES FURTHER READING
Beer S, C, et al.,. Associations between molecutarkers and

guantitative traits in an oat germplasm pool: Ges infer
linkages?
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