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Quantitative loci mapping for lameness traits in Holstein dairy cattle
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Summary

Lameness in dairy cows is compromising animal welfare and incurs severe economic losses.
Lameness has been associated with multiple disease and morphological traits with low to
moderate pedigree-based heritabilities that have not been extensively studied for a genomic
perspective. The present is the biggest genomic study of lameness to date (477 genotyped
animals) and includes for the first time some digital cushion thickness measurements as
lameness-related traits. Five claw health traits and three digital cushion thickness
measurements were analysed. Significant genomic variance was detected in some thus
allowing for genomic selection. Furthermore, the combined use of GWAS analyses and
regional heritability mapping revealed associated QTL primarily linked to metabolism and
epithelium morphogenesis, also potentially implying an underlying oligogenic architecture.
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Introduction

Lameness is an abnormal gait or stance caused by a locomotor dysfunction. It is associated
with pain and long duration discomfort as well as major economic losses due to its impact in
milk yield, fertility and culling risk (Huxley, 2013). In dairy cattle, lameness results mainly
from foot lesions caused either by infectious (digital dermatitis) or non-infectious diseases
(sole ulcer or white line disease) (Bicalho & Oikonomou, 2013). Furthermore, recent studies
(Bicalho et al., 2009) have shown that susceptibility to non-infectious lesions is associated to
the thickness of the digital cushion, a structure of fat and connective tissue within the claw.

While previous studies (Bicalho & Oikonomou, 2013; Randall et al., 2016) assessed
lameness-associated traits using pedigree information, this is the first study to address some
of these traits from a genomic perspective. Our objective is to understand their genomic
architecture, identifying particular genomic regions to inform future breeding programmes.

Material and methods

Samples and phenotypes
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Data included 477 Holstein cows, from three different farms, genotyped with a genome-wide
50K Illumina DNA array. 34,338 Single Nucleotide Polymorphisms (SNPs) were kept after
quality control (sample and genotype call rate ≥ 95%, Minor Allele Frequency ≥ 0.01, H-W
equilibrium threshold of 1.45e-6). Animals were phenotyped for five claw health related
traits: sole ulcer (SU), sole haemorrhage (SH), white line disease (WLD), digital dermatitis
(DD) and interdigital hyperplasia (IH). Additional measures for Digital Cushion Thickness
(DCT) were available for a subset of animals (~350) before calving (DCT_Pre), at calving
(DCT_Cal) and 60 days after calving (DCT_60). This information was collected by the
researchers who inspected the animals’ feet at 4 time points around calving. Farm lameness
records complemented the data collected for the present study.

Genomic analyses

Three genomic analyses for each trait were performed with the following models:

y = Wα + u + ε (1) y = Wα + xβ + u + ε (2) y = Wα + u(i) + u(-i) + ε
(3)

Model 1: Total genomic variance estimation where y is the vector of phenotypes, W is
the incidence matrix, α is the vector of fixed effects, u is the random polygenic effects vector
and ε is the vector of residual errors. Random polygenic effects (u) and residuals (ε) follow
respective multivariate normal distributions MVN(0,VGG) and MVN(0,VEI), with VG and VE

being the genomic and environmental variances and G the genomic relatedness matrix.
Model 2: Genome-wide association analysis (GWAS) where x is the vector of SNP

genotypes, β is the corresponding regression, and other effects are as in model 1 (Zhou &
Stephens, 2012). Population structure was accounted for by fitting the genomic relatedness
matrix in the model and a correction by the inflation factor λ was applied.

Model 3: Regional heritability mapping (RH) of consecutive genomic regions of 20
SNPs where u(i) is the random effect of each genomic region I, u(-i) is the random effect of the
remaining genome and other effects are as in model 1 (Cebamanos et al., 2014).

For models 2 and 3, SNP and regional effects were compared with a χ2(1) to compute
their p-values. Significant (one false positive in 20 genome scans) and suggestive (one false
positive per genome scan) p-value thresholds were then used with a Bonferroni correction to
account for multiple testing. Quantitative trait loci (QTL) were explored by matching
significant outcomes of the above analyses to the bovine reference genome.

Results and discussion

Preliminary analyses showed no population structure. Therefore, fitting the genomic
relatedness matrix as mentioned above was expected to account for any remaining structure.
However, as an additional control for any undetected population structure, correction for the
inflation factor (ranging from 0.92 to 1.07) was applied by default (Amin et al., 2007).

For the five claw health related traits, a concordant model was used after identifying
significant fixed effects/covariates. The model included the mean, herd, year of birth, number
of lactations and days in risk (total number of days the animal was followed, fitted as linear
and quadratic regressions). For the DCT traits, the model also included the parity at
measurement.

Table 1 shows the total genomic variance estimates for each trait, and the GWAS and
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RH results. Some traits provided no significant estimate of the total genomic variance, thus
were not included.

Table 1: Genomic heritability (h2) with standard error (s.e.), and significant GWAS and RH
results per trait and autosome (BTA).

Trait1 h2 (s.e.) BTA
RH GWAS

Pos2 Sig3 Pos2 Sig3

SU 0.292
(0.108)

14 36638592-38583008 * --- ---
21 47400719-48657222 * --- ---
23 31354655-32948876 * --- ---
20 --- --- 69237511 *
25 3591167-4647188 ** 3591167 **

3624364 *

IH 0.348
(0.099)

2 --- --- 23628756 *
34679700-36891323 * --- ---

3 69004282-70218036 * --- ---
70265808-72519744 ** --- ---
78043300-79333053 * --- ---
106293026-107362756 * --- ---

5 25800581-27287454 * --- ---
12 55778182-57077252 * --- ---
14 59577845-61034113 * --- ---
15 46058920-47565242 * --- ---
23 24157504-25222914 * --- ---

DD 0.219
(0.093)

1 119873516-121733487 * --- ---
131684053-132723503 * --- ---
132768483-134378569 * --- ---

3 61660040-62887463 * 62241899 *
70265808-72519744 * 70931186 **

10 93501776-94339064 * --- ---
20 --- --- 30216498 *
23 47312700-48407046 * --- ---

48444673-49283896 * --- ---

DCT_Cal 0.209
(0.115)

12 22863845-24824923 * --- ---
18 2268081-3316273 * --- ---
26 4600968-6437290 * 4840609 *
27 32750614-34326743 * --- ---

1 Sole Ulcer (SU), Interdigital Hyperplasia (IH), Digital Dermatitis (DD) and Digital Cushion Thickness at
calving (DCT_Cal).
2 Position in base pairs.
3 Significance: **significant (GWAS: ≤1.46e-6; RH: ≤2.91e-5); *suggestive (GWAS: ≤2.91e-5; RH: ≤5.82e-4).



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.62

We combined the use of GWAS and RH analyses to strengthen the evidence for
identified QTL, and both methods were generally consistent. However, RH detected
additional regions not detected by GWAS, as it is designed to identify local variances that
may be individually too small to be detected by single association tests. The proportion of the
total genomic variance explained by all detected regions within each trait ranged from 71.8%
to 89.4%. These estimates may be overestimated due to the Beavis effect (Xu, 2003) but
provide supporting evidence of an oligogenic architecture.

QTL detected both by GWAS and RH were matched to the bovine reference genome
to look for functional candidate genes: In BTA25 a region associated with SU was detected,
explaining 21% of the total genomic variance and containing genes of interest such as
DNAJA3 (heat shock protein linked to papilloma virus in humans) and VASN (vasorin
precursor involved in regulating epithelial to mesenchymal transition). In BTA3, two
neighbouring regions were associated with DD, explaining 39.96% of the total genomic
variance and harbouring genes involved in the turnover of glycoproteins and glycolipids
(FPGT) and in normal epithelial-mesenchymal transition (ADGRL2). Finally, DCT_Cal
showed an associated QTL in BTA26 that accounted for 37.45% of the total genomic
variance and contained a single gene, PCDH15, a protocadherin related protein linked to
epithelium morphogenesis and actin filament organization.

Conclusion

Some of the studied traits have shown significant genomic variance, thus allowing for
genomic selection and improvement schemes. Similarly, the combined use of GWAS and RH
methods has detected several potential QTLs linked to epithelium morphogenesis and
metabolism, of potential use in future selection schemes against lameness.
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