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Introduction

Some genes or some QTL regions are finemapped
Examples genes: DGAT1 in dairy cattle, IGF2 in pigs
Breeding value estimation
Classically without gene/QTL effects

Marker/gene-assisted breeding value estimation on
limited scale

Problem: only part of a population is genotyped, e.g.
males/sires

Solution: prediction of genotypes or haplotypes, e.g. with
efficient BLUP-method (Gengler et al., 2007, 2008)
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Objective

To develop a method to predict haplotypes of
animals that are not genotyped using mixed model
equations by extending Gengler’'s method

To Investigate the use of these predicted
haplotypes in marker-assisted breeding value
estimation
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Definition of haplotypes

oTL Two SNP markers that flank a QTL

Number of haplotype copies (nhc)

Anima Haplotypel Haplotype2 HAPL HAP2 HAP3 HAP4

(11) (12 (21) (22)
1 11 11 2 0 0 0
2 11 12 1 1 0 0
3 11 21 1 0 1 0
4 11 22 1 0 0 1
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Prediction of haplotypes

Model for one haplotype

nNC, = iy, +d; +€

nhc;

%”hc | I'nhc,
M'1 MM+/1A'1 »| | M'nhc,

d

X

d, = EBV for nhc for genotyped animal
d = EBV for nhc for not genotyped animal

A= aenhc / O'anhc =0.01/0.99

Allows for genotyping errors, haplotyping errors and
recombination
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Marker-assisted BLUP

Random regression on predicted number of
haplotype copies:

y::u+upol +Z((:unhci -l_di)xbl)-l_e

2 2 —_ 2
Aqtl g, pol UApoI

o, =050
Haplotypes based on:

Neighboring marker (nm)

2 flanking markers (hap?2)

4 markers, 2 on each side of QTL (hap4)
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Simulation

Simulation
Bi-allelic QTL with only additive effects
Polygenic additive genetic effect
1, 2 or 4 polymorphic flanking SNP markers
100 generations to get LD between markers and QTL

5 generations of data: 50 sires and 250 dams producing
2000 offspring (10,000 total).

Sires in generation 1-4 and males in generation 5 are
genotyped

Distance between markers and heritability are varied
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Results: accuracy of predicted haplotypes

Marker-distance is 0.1 cM

Haplotype | Correlation true and estimated nhc
nm 0.64
hap2 0.63
hap4 0.59

Conclusion: Accuracy nhc prediction reduced for hap4
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Results: accuracy of total-EBV

Males are genotyped; females are not genotyped,;
Heritability = 0.3; QTL-variance =0.15

Genotyped| _s— ga-blup —=— con-blup Ungenotyped —=— con-blup
——nm —o— hap2 —&—nm
P —o— hap?2
> 0.64 || > hap4 > 0.64 - —x— hap4
W 0.63 T — w 0.63 -
© © k
§ 0.62 - § 0.62
g 060 T w_¥= 3 0.60 - .
5 e —
3 059 T § 0.59 |
2 0.58 I I I T \ < 0.58 \ I I T \
0 1 2 3 4 5 0 1 2 3 4 5
Distance between SNP Distance between SNP
markers in cM markers in cM
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Results: effect of heritability

0650 . |0 corblup
B mablup genotyped
0.600 - B mablup ungenotyped
2 0.550 -
L
£ 0500
>
@
£ 0450 -
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0.400 -
0.350 -
0.300 ‘ ‘ 1
0.03 0.10 0.30
Heritability

Conclusion: Ungenotyped animals benefit from marker-
assisted BLUP for low heritable traits
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Translation to genomic selection

— 2\ 2 2,2
lotaleBy = \/ (1-q )rApO| g,

0.65

0.5 1

Accuracy total EBV

—— heritability = 0.30
—o— heritability = 0.10
—— heritability = 0.03

0.3 I T T T T 1
0 0.2 0.4 0.6 0.8 1

Proportion of genetic variance explained by the haplotypes
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Conclusion

Prediction of haplotypes possible within mixed model
framework

Haplotypes consisting of 4 markers are best

Method works best with dense markers, i.e. <1 cM
between markers

Increase In accuracy mainly for genotyped animals

For traits with low heritability also ungenotyped animals
benefit from marker-assisted or genomic breeding value
estimation using predicted haplotypes.
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Thank you for your attention!
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Conclusion

Prediction of haplotypes possible within mixed model
framework

Haplotypes consisting of 4 markers are best

Method works best with dense markers, i.e. <1 cM
between markers

Increase In accuracy mainly for genotyped animals

For traits with low heritability also ungenotyped animals
benefit from marker-assisted or genomic breeding value
estimation predicted haplotypes.
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