
Linkage Disequilbrium to Linkage Disequilbrium to 
Genomic SelectionGenomic Selection

Course overview

• Day 1
– Linkage disequilibrium in animal and plant genomes

• Day 2
– QTL mapping with LD

• Day 3 
– Marker assisted selection using LD

• Day 4 
– Genomic selection

• Day 5
– Genomic selection continued

Linkage disequilibrium

• A brief history of QTL mapping
• Measuring linkage disequilibrium 
• Causes of LD
• Extent of LD in animals and plants
• The extent of LD between breeds
• Strategies for haplotyping

A brief history of QTL mapping

• How to explain the genetic variation 
observed for many of the traits of 
economic importance in livestock and 
plant species?

Means for growth in Atlantic salmon families in Norwegian breeding program

2.5

2.7

2.9

3.1

3.3

3.5

3.7

3.9

4.1

4.3

4.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Family

F
in

al
 W

ei
g

h
t 

(k
g

)

Two models…….
• Infinitesimal model:

– assumes that traits are determined by an 
infinite number of unlinked and additive loci, 
each with an infinitesimally small effect

– This model the foundation of animal breeding 
theory including breeding value prediction

– Spectacularly successful in many cases! 

Time to market weight 
for meat chickens has 
decreased from 16 to 5 
weeks in 30 years

Two models…….

• vs the Finite loci model…..
– But while the infinitesimal model 

is very useful assumption, 
– there is a finite amount of 

genetic material
– With a finite number of genes……
– Define any gene that contributes 

to variation in a 
quantitative/economic trait as 
quantitative trait loci (QTL) 

• A key question is what is the 
distribution of the effects of 
QTL for a typical quantitative 
trait  ?
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The distribution of QTL effects

• From results of QTL mapping experiments

• Two problems
– no small effects, effects estimated with error
– Fit a truncated gamma distribution
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The distribution of QTL effects

• Many small QTL, few QTL of large effect.
• 100 – 150 QTL sufficient to explain observed 

variation in quantitative traits in livestock
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The distribution of QTL effects
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< 1% of 
phenotypic 
variance!

Quantitative trait loci (QTL) detection

• If we had information on the location in 
the genome of the QTL we could 
– increase the accuracy of breeding values
– improve selection response 

• How to find them?
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Approaches to QTL detection

• Candidate gene approach
– assumes a gene involved in trait physiology 

could harbour a mutation causing variation in 
that trait

– Look for mutations in this gene
– Some success
– Number of candidate genes is too large
– Very difficult to pick candidates!

• Linkage mapping
– So use neutral markers and exploit linkage 

• organisation of the genome into chromosomes 
inherited from parents  

• DNA markers: track chromosome 
segments from one generation to the next
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Marker 1 QTL

• DNA markers: track chromosome 
segments from one generation to the next
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Detection of QTL with linkageDetection of QTL with linkage

• Principle of QTL mapping
– Is variation at the molecular level 

(different marker alleles) linked to 
variation in the quantitative trait?.

– If so then the marker is linked to, or on 
the same chromosome as, a QTL

Detection of QTLDetection of QTL
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Detection of QTL with linkageDetection of QTL with linkage
• Can use single marker associations
• More information with multiple 

markers ordered on linkage maps

0

2

4

6

8

10

12

14

0 10 20 30 40 50 60 70 80 90 100

Genetic distance along chromosome (centi-Morgans)

L
O

D
 v

al
u

e

Most probable 
QTL position

'QTL Mapping, MAS, and Genomic Selection'
Course Notes

Taught by Dr. Ben Hayes, Animal Genetics and Genomics group of the Department of Primary Industries Research Victoria (Attwood - Melbourne, Australia)

March 10-14, 2008
The Animal Breeding and Genomics Centre (Animal Sciences Group - Wageningen University and Research Centre), Lelystad, The Netherlands

3/20




































