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Estimation of breeding values for footrot and mastitis in UK Texel sheep
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Summary

The Texel sheep breed is one of the most numerous terminal sire (meat) sheep breeds in the
United Kingdom, with a third of all lambs being sired by this breed annually. Breeding goals
have focussed on production traits only, however new traits such as disease resistance are
also important desirable breed characteristics. The aim of this study is to use phenotypic
records collected from 29 phenotype farms across the UK to provide the first breeding values
(both conventional and genomic) for footrot and mastitis for Texel sheep. This knowledge
will be used in the UK national breeding programme to facilitate selection for such ‘hard to
measure’ (HTM) traits. A total of 3,818 genotypes (OvineSNP50 and Ovine Infinium® HD
SNP BeadChip) were available along with almost 3,500 mastitis phenotypes recorded on
2,875 lactating ewes and over 5,200 footrot phenotypes were recorded on 2,762 breeding
females in 2015 and 2016. Heritabilities were low, being 0.06 (se 0.04) and 0.18 (se 0.02) for
mastitis and footrot respectively. Nevertheless, there is potential to include these as breeding
goal traits to restrict any anticipated increase in their prevalence as a result of selection for
productivity.
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Introduction

Both mastitis and footrot are endemic diseases of sheep resulting in poor welfare and lowered
productivity. Annually, footrot costs the UK sheep industry £24M (Nieuwhof & Bishop,
2005). Both traits are difficult and expensive to measure, moreover the phenotype for
mastitis can be collected from females in lactation only, which makes it even harder to collect
records from the terminal (meat) sheep breeds. As a consequence, currently there is no
breeding programme in the UK for any sheep breed that includes these disease traits. On that
account, both traits are ideal to be used for genomic selection, as all the lambs born,
regardless of gender, can have estimates of breeding values for footrot, mastitis and many
other valuable traits before reproductive maturity is achieved.

Genetic and genomic selection have become widely used in in dairy cattle and some
other livestock species in recent years yet due to the high cost relative to the low value of
sheep, with the exception of a handful of countries, has not yet become mainstream.
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Material and Methods

Phenotypic data

Phenotypic records, both for footrot and mastitis, were collected from 29 Texel sheep farms
(Phenotype Farm, PF) based across the United Kingdom (Scotland, England and Wales) as
described by McLaren et al. (2017). Nearly 3,500 mastitis phenotypes were recorded on
2,875 lactating ewes using the mastitis phenotype proxy trait, the California Mastitis/Milk
Test (CMT). This proxy trait is reported to have a high correlation with Somatic Cell Count
(SCC) which is routinely used in breeding programmes for dairy species (González-
Rodríguez & Cármenes, 1996; McLaren et al., 2017). CMT ranged from 0 to 4 (where 0 was
no infection and 4 severe infection), for each side of the udder.

Over 5,200 footrot phenotypes were recorded on 2,762 breeding females as a score for
each hoof, as described by Conington et al. (2008). Scores ranged from 0 to 4, for each hoof,
resulting in possible scores per animal between 0-16, with higher scores for higher infection
levels. Phenotypic values for both traits were then summed, and log-transformed.

All the farms were visited at least two times per year by the Scotland’s Rural College
(SRUC) and Texel Sheep Society (TSS) staff during the years 2015-2016.

Genotypes

A total number of 3,818 genotypes were available. Quality Control (QC) was performed on
the genotype and Single Nucleotide Polymorphisms (SNP) levels to assess the genotypic
information provided and select informative SNPs. The call rate (CR, number of SNPs
receiving the proper value, i.e. AA, AB/BA or BB, divided by the total number of SNPs) was
calculated and 208 genotypes were rejected as failed, with CR < 0.894. Some duplicates were
identified and 59 further genotypes were removed as duplicated samples. It was unable to
identify 7 animals, hence these were rejected. A further 35 samples were rejected as they
were taken from non-pure breed animals, resulting in a total of 3,515 valid genotyped
animals (92% of all available genotypes) to be used in this study.

On the SNP level, quality control for Minor Allele Frequency (MAF) threshold was set
as MAF < 0.05, resulting in 36,506 common SNPs being available to use from the Illumina
OvineSNP50 and Ovine Infinium® HD SNP BeadChip for this analysis.

Pedigree

The pedigree was built based on the information available in the UK’s Sheepbreeder National
Evaluation system. Genotyped animals were used as the non-founders and a 5 generation
pedigree was generated for these animals. The pedigree contained 18,143 animals.

A parentage check was performed based on 892 sire-offspring and 677 dam-offspring
pairs available. The rules for confirming/rejecting the parent are normally very strict and
allow 0% of inconsistencies as theoretically the true sire/dam and offspring should have zero
inconsistences. However, due to recombination as well as possible genotyping errors we
allowed a small number of inconsistencies of under 0.25%. All was done using SQL
(Structured Query Language) database language, which is used for programming and
designed for managing large datasets.
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Estimation of breeding values

Genetic parameters used in this study were estimated using an animal model in ASReml
(Gilmour et al., 2009), with the following model: y = Xb + Za + e where: y is the vector of
phenotypic observations (footrot or mastitis); b the vector of fixed effects, containing ewe
age, scorer, foot vaccination status and contemporary group (flock-year-month) for footrot
and lactation stage (days in milk), lambing number, litter size born, litter size reared, scorer
and two contemporary groups (month-year and flock-month-year) for CMT; a is the vector of
random animal effects; e is the vector of random residual effects; X and Z are the designed
matrices for fixed and random effects, respectively.

Genomic breeding values (GEBVs) were estimated using the single-step approach, to
combine all the available sources (i.e. phenotypic records, genomic information and pedigree
information) to estimate the genomic breeding values (Aguilar et al., 2010; Legarra et al.,
2009; Misztal et al., 2009). This approach allows the GEBVs to be calculated for all the
animals in the recorded population – irrespective if an animal was genotyped or not.

Both conventional estimated breeding values and genomic breeding values were
estimated using animal model and MiX99 software (Vuori et al., 2006) and the H matrix
inversion procedure was modified by Tomasz Krzyzelewski’s (EGENES, Edinburgh, UK,
personal communication) software ‘h22’.

Results and discussion

Correction of pedigree

The parentage checking procedure revealed that there were 7.98% incorrect sires and 6.40%
incorrect dams recorded. A parentage discovery procedure was then performed in order to
find the true parents. A total of 15 sires and 13 dams were discovered, using all the available
SNPs. Additionally, information on sex, date and flock of birth were used to assess if the
discovered parent is indeed the true parent. The pedigree was then corrected and all the
parents that failed the parentage check were set as being unknown. If the true parent was
discovered, that parent was included in the new pedigree.

Heritabilities and estimated breeding values

Estimated heritabilities were 0.06 (se 0.04) and 0.18 (se 0.02) for CMT and footrot,
respectively. These estimates are in range with those quoted in the literature (Conington et al.
2008; McLaren et al., 2017).

Summary statistics for breeding values are summarized in Table 1. As shown, for both
traits EBVs and GEBVs are in line with the average close to zero as expected.

Table 1: Summary statistics for obtained breeding values for footrot and mastitis
Footrot

average minimum maximum standard deviation
EBV -0.02 -0.42 0.74 0.10
GEBV -0.06 -0.6 1.01 0.11

mastitis (CMT)
average minimum maximum standard deviation
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EBV 0.00 -0.16 0.14 0.04
GEBV 0.00 -0.12 0.09 0.03

Conclusion

Correctness of the pedigree is critical when it comes to conventional BLUP (Best Linear
Unbiased Prediction) evaluation, as no genomic information is included. The pedigree
discordance at the overall population level of almost 15% indicates that the pedigree requires
major changes to remove the bias from the estimations.

Estimated heritabilities are low although they indicate that even though the
environment plays an important role in developing mastitis or footrot, there is still a genetic
potential to reduce the number of infected animals by breeding for resistance.

Further work underway in this project will assess the accuracy of the genetic and
genomic breeding values and include successive years’ data. Also, new genotypes will be
included from the OvineLD BeadChip, 15K SNPs. Imputation from 15K to 50K will be used
and more traits (such as growth or maternal traits) will be included in routine evaluations.
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