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All genes

• genomic breeding value

• linkage disequilibrium

Selected genes

• epistasis

• longitudinal effects



Genomic breeding value



Illumina bovine snp50 beadchip

• 54 001 SNPs

46 267 tSNPs

• MAF ≥ 0.01

• call rate ≥ 90%

average call rate

• 99.66% (all SNPs)

• 99.75% (tSNPs)

average MAF

• 0.23 (all SNPs)

• 0.26 (tSNPs)
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MARKERS



All traits subjected to the national evaluation

production

• 3

udder health

• 1

conformation

• 21

fertility

• 4

... except functional longevity

TRAITS
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birth year

2008 → 1 227 bulls

2010 → 2 000 bulls

ANIMALS
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SNP EFFECTS

SNP effect estimation

• y deregressed EBV

• µ general mean

• q SNP

• Z { -1, 0, 1 }

• e residual

covariance structure

q 46267 x 46267 e                   1227 x 1227
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DGV and GEBV

DGV → 

GEBV →

SNP genotypes (DGV)

ancestors (PI)

~ genomic relationship matrix Q
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CORRELATIONS
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PREDICTIVE ABILITY

training: 1987-2001 → 996 bulls prediction: >2001

y=144+0.87x:y=85+0.25x: y=72+0.98x:

1227 genotyped bulls → validation for milk yield, May 2010
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Linkage disequilibrium



GENOMEWISE LINKAGE DISEQUILIBRIUM PATTERN

base pairs

L
D
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CHROMOSOMEWISE LINKAGE DISEQUILIBRIUM PATTERN
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LD class distribution across chromosomes
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CHROMOSOMEWISE LINKAGE DISEQUILIBRIUM PATTERN



Small SNP chip



SNP SELECTION STRATEGIES

S1 randomly selected

100 SNP per chromosome

S2 randomly selected

# SNP ~ QTL

S3 uniformly selected

across SNP ID

S4 uniformly selected

across bp

S5 highest estimates on milk yield 

r2  0.80

S6 highest estimates on stature 

r2  0.80

S7 highest estimates on type

r2  0.80
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SNP EFFECT ESTIMATION STRATEGIES

MODELS

M1 additive polygenic + fixed SNP

M2 random uncorrelated SNP

M3 random correlated SNP
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CORRELATIONS 
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CORRELATIONS 
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Epistasis



animals 

• 190 Jersey cows

• 475 HF cows

• simulated cows

candidate genes

• leptin receptor (LEPR) BTA03

• leptin (LEP) BTA04

• diacylglycerol acyltransferase 1 (DGAT1) BTA14

• butyrophilin (BTN1A1) BTA23

305-day yields of milk production traits

DATA SET
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MODELS

eZŬXqy 
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 11,1,, ABTNDGATLEPLEPRq
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MODELS
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RESULTS

additive effects of candidate genes on fat yield

ADEmAm ADEmAm ADEmAm ADEmAm
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RESULTS
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Longitudinal gene effect



DATA SET

animals 

• 190 Jersey cows

candidate genes

• leptin receptor (LEPR) BTA03

• leptin (LEP) BTA04

• diacylglycerol acyltransferase 1 (DGAT1) BTA14

• bytyrophilin (BTN1A1) BTA23

test day yields of milk production traits
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calving season
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WYNIKI
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WYNIKI
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DATA SET

animals 

• 1 231 HF cows

molecular information

• 14 markers on BTA06

• 62 cM

test day yields of milk production traits
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MODEL
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RESULTS

P values for H0:Q=0 vs H1:Q>0 along BTA06

QTL

constant

in time

QTL

variable

in time
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• Adrian Drożdż → LD

• Tomasz Suchocki → longitudinal QTL

• Kacper Żukowski → small chip

COLLABORATORS



• Jolanta Komisarek

• Zhang Quin

• Stanisław Kamiński

• Andrzej Żarnecki

• SHiUZ Bydgoszcz

COLLABORATORS



Thank you for your attention ...


