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Aim

Combination of SNP chip and whole genome sequence information to an-
alyze feet and legs phenotypes directly measured on cows, in order to be
able to consider also non-additive e�ects of variants.
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Material

Animals:

1, 998 Austrian Fleckvieh

979 Austrian Braunvieh

Traits collected until 100th day-in-milk:

hoof health status de�ned by a vet (HSV)

total number of hoof disorders (NHD)

hoof health status de�ned by a farrier (HSF)

Genotypes:

74, 762 SNPs from GeneSeek® Genomic Pro�lerTM HD panel

SNP selection criteria comprised the minor allele frequency (MAF) of
at least 0.01 and the technical quality of genotyping expressed by a
minimum call rate of 99%.

number of records per cow ranged from 1 to 8
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Methods - Estimation (co)variance components

Model for NHD:

y = Xβ + Zαα+ Zdd + Zpp + ε,

where

β - �xed e�ects comprising: a general mean, breed, parity (from 1 to
4 and greater or equal to 5), calving year-season (four years between
2012 and 2015 and season 1 � between October and March and 2 �
between April and September); percent of non Holstein-Friesian genes
and hoof status

α - random additive polygenic e�ect
(
α ∼ N (0,Aσ2α)

)
d - random vet e�ect

(
d ∼ N (0, Iσ2d)

)
p - random pernament environmental e�ect

(
p ∼ N (0, Iσ2p)

)
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Methods - Estimation (co)variance components

Model for HSV and HSF:

logit(p) = Xβ + Zαα+ Zdd + Zpp,

where

β, α, d and p - the same form as before
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Methods - GWAS - Single SNP

Adding the Xgg to the model for calculation (co)variance parameters,
where

Xg = {−1, 0, 1}

g - vector of an additive SNP e�ect

Test of signi�cance:

W =
ĝ

SE (ĝ)
∼ N (0, 1)
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Methods - Multiple testing correction

Figure 1: Scheme of calculating m1

e and m2

e
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Methods - Multiple testing correction

Methods for calculating e�ective number of tests (Li and Ji (2005)):

1. m1
e =

m∑
i=1

(I (λi ≥ 1) + (λi − bλc)),

where

λi - eigenvalues for pairwise linkage disequilibrium (r2)matrix between
SNPs

I (·) - indicator variable
b·c - �oor function

Li et al. (2012) proposed second version of e�ective number of tests:

2. m2
e = m −

m∑
i=1

I (λi > 1)(λi − 1)
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Methods - Using WGS

48 whole genome DNA sequences (WGS) of Braunvieh and 30 of Fleckvieh
individuals, available through the 1000 Bulls Genome project where used
to creation genomic regions, which cover:

the signi�cant SNP from the HD panel

selected SNPs from the HD panel �anking the signi�cant SNP

SNPs from the whole genome sequence inbetween �anking SNPs

Based on signi�cant regions we add Xa1a1,Xd1d1 and Xe1e1 to the model
for calculation (co)variance parameters, where

a1 - additivie e�ect of SNP

d1 - dominance e�ect of SNP

e1 - additive-by-additive epistatic e�ect of pair of SNPs
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Results - (co)variance components
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Results - Multiple testing correction
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Results - GWAS for HSF
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Results - GWAS for NHD
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Results - GWAS for HSV
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Results - non-additive e�ects
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Results - non-additive e�ects
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Conclusions

Methods for calculation e�ective number of tests based on LD could
be more accurate then based on Bonferroni method.

No additive-by-additive epistasis was found.

Four signi�cant dominance e�ect were detected.

We have found three possible causal mutation associated with feet
and legs disorders ie. gene TOPBP1 located on BTA1, gene RRM2B
on BTA14 and gene PTPRG located on BTA22.
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Thank you for your attention!
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