'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)

Course overview

Day 1

- Linkage disequilibrium in animal and plant genomes
Day 2

Linkage Disequilbrium to A
Genomic Selection - Marker assisted selection using LD

Day 4

- Genomic selection

Day 5

- Genomic selection continued

Mapping QTL with LD

e LD mapping of QTL exploits
population level associations
between markers and QTL.

Mapping QTL using LD

e Association testing with single marker
regression

e Accounting for population structure

e LD mapping with haplotypes

e The Identical by descent (IBD)
approach

e Combined linkage-linkage
disequilibrium mapping

Mapping QTL with LD Mapping QTL with LD

e LD mapping of QTL exploits e LD mapping of QTL exploits
population level associations population level associations
between markers and QTL. between markers and QTL.

- Associations arise because there are - Associations arise because there are
small segments of chromosome in small segments of chromosome in
the current population which are the current population which are
descended from the same common descended from the same common
ancestor ancestor

- These chromosome segments, which
trace back to the same common
ancestor without intervening
recombination, will carry identical
marker alleles or marker haplotypes
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Mapping QTL with LD

e LD mapping of QTL exploits
population level associations
between markers and QTL.

- Associations arise because there are
small segments of chromosome in
the current population which are
descended from the same common
ancestor
These chromosome segments, which __
trace back to the same common
ancestor without intervening
recombination, will carry identical
marker alleles or marker haplotypes
If there is a QTL somewhere within
the chromosome segment, they will
also carry identical QTL alleles

Mapping QTL with LD

e LD mapping of QTL exploits
population level associations
between markers and QTL.

— Associations arise because there are
small segments of chromosome in
the current population which are
descended from the same common
ancestor
These chromosome segments, which
trace back to the same common
ancestor without intervening
recombination, will carry identical
marker alleles or marker haplotypes
If there is a QTL somewhere within
the chromosome segment, they will
also carry identical QTL alleles

e The simplest way to exploit these
associations is by single SNP
regression

Single marker regression

e Association between a marker and a trait can be
tested with the model

y=1p+Xg+e

e Where
y is a vector of phenotypes
1n is a vector of 1s allocating the mean to phenotype,

X is a design matrix allocating records to the marker
effect,

g is the effect of the marker
- e is a vector of random deviates ~ N(0,6.2 )
e Underlying assumption here is that the marker will
only affect the trait if it is in linkage disequilibrium
with an unobserved QTL.

Single marker regression

¢ A small example

Phenotpe
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Single marker regression

e The design vector 1, allocates phenotypes to the mean
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Phenotpe SNP allele 1 SNP allele
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Single marker regression

e The design vector 1, allocates phenotypes to the mean

e The design vector X allocates phenotypes to genotypes
X, Number of “2”
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Single marker regression

e The design vector 1, allocates phenotypes to the mean

e The design vector X allocates phenotypes to genotypes

X, Number of “2”
Animal /Ww;io e SNPallele1 SNP allele Animal 1, alleles
1 / 2.030502\ 1 1 1 1 0
2/ 3542074 1 2 2 1 1
3 3834241 1 2 3 1 1
4 | as71137 2 2 4 1 2
5 3.407128 1 2 5 1 1
6 | 2335734 1 1 6 1 0
7 | 2e46192 1 1 7 1 0
8 | 3762855 | 2 8 1 1
9\ 3689349 /1 2 9 1 1
10 3.685757 1 2 10 1 1
—  yvector

Single marker regression

e Estimate the marker effect and the
mean as:

1 ln'y

X'y

1.'1,
X'1,

1.'X]
X'X

Single marker regression
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Single marker regression
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Single marker regression

e Estimates of the mean and marker
effect are:

e In the “simulation”, mean was 2, r?
between QTL and marker was 1, and
effect of 2 allele at QTL was 1.

Single marker regression

¢ Is the marker effect significant?

e F statistic comparing between
marker variance to within marker
variance

e Test against tabulated value for

o,v1,v2

- o= significance value

-v1l=1 (1 marker effect for
regression)

-v2=9 (number of records -1)

Single marker regression

e In our simple example
- Fyata=4.56
‘Fo.05,1,9=5-12

¢ Not significant

Experiment

384 Holstein-Friesian dairy bulls selected from Australian
dairy bull population

genotyped for 10 000 SNPs

Single marker regression with protein%

Results of genome scans with dense SNP panels

Protein %

Results of genome scans with dense SNP panels
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Single marker regression

e What is the power of an association
test with a certain number of records
to detect a QTL?

e Power is probability of correctly
rejecting null hypothesis when a QTL of
really does exist in the population

- Hy = no QTL
- H; = there is a QTL

e How many animals do we need to

genotype and phenotype?

Single marker regression

Power is a function of:

r2 between the marker and QTL

e sample size must be increased by 1/r2 to detect an
un-genotyped QTL, compared with sample size for
testing QTL itself

Proportion of total phenotypic variance explained

by the QTL

Number of phenotypic records

Single marker regression

e Power is a function of:

r2 between the marker and QTL

e sample size must be increased by 1/r2 to detect an
un-genotyped QTL, compared with sample size for
testing QTL itself

Proportion of total phenotypic variance explained

by the QTL

Number of phenotypic records

Allele frequency of the rare allele of SNP

e determines the minimum number of records used to
estimate an allele effect.

* The power becomes particular sensitive with very
low frequencies (eg. <0.1).

The significance level a set by the experimenter

Power to detect association

Single marker regression

Power to detect a QTL explaining 5% of the
phenotypic variance, 1000 phenotypic
records

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
* between marker and QTL

Single marker regression

Power to detect a QTL explaining
5% of the phenotypic variance

Power to detect association

04 05 06
r* between marker and QTL

Power to detect association

Single marker regression

Power to detect a QTL explaining
2.5% of the phenotypic variance

* between marker and QTL
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