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INTRODUCTION 

The Illumina OvineSNP50 BeadChip is a 
single nucleotide polymorphism (SNP) microarray 
targeting 54,241 evenly spaced SNPs on the sheep 
genome, developed by Illumina in collaboration 
with AgResearch, Baylor, UCSC, CSIRO, and the 
USDA as part of the International Sheep Genomics 
Consortium. It was used to genotype key animals 
from primarily maternal breeds in the New Zealand 
industry recorded in the Sheep Improvement 
Limited (SIL) database for a variety of traits. The 
objective was to develop genomic selection 
prediction equations and accuracies for use within 
the New Zealand industry. This paper details the 
first commercial parameters for industry use and 
how they were obtained for six traits: weaning 
weight (WWT), carcass weight (CWT), number of 
lambs born (NLB), faecal egg count at the end of the 
first challenge (FEC1), faecal egg count at the end 
of the second challenge (FEC2) and adult ewe faecal 
egg count (AFEC). 

MATERIALS AND METHODS 

Data sources 
The phenotype and pedigree data set consisted 

of 2,445,069 recorded animals born between 1990 
and 2008 from 152 SIL flocks. In excess of 2,000 
animals were initially genotyped with OvineSNP50 
BeadChip. Genotyping was performed in two 
distinct sets. The first set was genotyped by Illumina 
and the second set genotyped by AgResearch at 
Invermay. In both cases there were additional 
animals in these resources which were included in 
some of the quality control (QC) tests. 

Animals were sourced from industry and 
research flocks as individuals or sires in flocks that 
recorded parasite resistance traits using the 
WormFecTM system. The industry animals were 
mostly sires with varying numbers of progeny 
recorded. They were predominantly Romney, 
Coopworth or Perendale, but other breeds and 
various breed crosses were also present. Research 
animals came from the Woodlands flock which is 
predominantly of the Coopworth breed. This resource 
included both sires and individuals. The latter were 
selected as the most extreme for parasite traits within 
sire groups in the 2006 and 2007 birth years. 

Genotypes and quality control checks 
The genotype data was initially QC checked 

and edited using the standard AgResearch process 
(Dodds et al., 2009), which includes filtering SNPs 
on call rate and quality score (as reported by 
Illumina SNP scoring algorithm); checking 
consistency for duplicates, inheritance, recorded 
gender and recorded breed; checking for departure 
from Hardy-Weinberg and screening for 
chromosomal abnormalities. Any SNPs that were 
not retained as part of the ovine HapMap 
(www.sheephapmap.org) project were subsequently 
discarded, as well as SNPs that were denoted or 
appeared to be non-autosomal, including 
pseudoautosomal. The chip included 53,903 SNPs 
for which genotypes could be reported. The QC 
process reduced this number down to 47,674 SNPs, 
with an average genotype call rate of 99.99%. 

Statistical analysis 
For each trait, the dependent variables used 

were effectively de-regressed estimated breeding 
values (EBVs) which took into account only 
information from progeny and own records. This 
was to create dependent variables that were largely 
independent of each other, in particular, removing 
parental information, so that when validation sets 
were created they would be independent of training 
set information. Approximate reliabilities of “own 
plus progeny” information were estimated. 

Animals with a reported breed composition 
over 50% of Romney, Coopworth, Perendale, a 
composite of these, or Texel, and meeting a 
threshold based on reliability were considered for 
the analysis. 

Genotypes were scored as the number of copies 
of the reference allele. Missing genotypes were 
replaced by their breed mean, after the above 
filtering step. 

The Romney, Coopworth and Perendale 
animals were split into training and validation 
animals based on birth year, giving separate 
validation data sets of the younger animals from the 
three breeds. The composites were added to the 
training set and the estimation of the SNP 
coefficients was done using all the training animals 
together as a mixed breed training set. Table 1 gives 
the number of animals of each breed in the 
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TABLE 1: Cut off years and number of animals of each breed type in training and validation sets. R = Romney, 
C = Coopworth; P = Perendale; Comp = Composites; T = Texel; WWT = Weaning weight; CWT = Carcass 
weight; NLB = Number of lambs born; FEC1 = Faecal egg count at the end of the first challenge; 
FEC2 = Faecal egg count at the end of the second challenge; AFEC = Adult ewe faecal egg count. 

Trait 
1st validation year 

Number of animals in 
training set 

Number of animals in 
validation set 

R C P R C P Comp R C P T 

WWT 2006 2007 2004 1080 539 116 27 287 252 113 85 
CWT 2006 2007 2004 1082 538 116 27 286 252 111 85 
NLB 2004 2002 2003 690 214 83 6 208 179 62 44 
FEC1 2005 2007 2004 664 456 114 26 303 252 109 52 
FEC2 2005 2007 2004 654 459 114 26 278 252 107 51 
AFEC 2005 2002 2004 594 190 114 8 227 153 101 40 

 
TABLE 2: Accuracies of mBVs (r) and lower limit of the 90% confidence interval for all traits in the four 
validation sets of Romney, Coopworth, Perendale, and Texel sheep. Bolding indicates suitable combinations. 
WWT = Weaning weight; CWT = Carcass weight; NLB = Number of lambs born; FEC1 = Faecal egg count at the 
end of the first challenge; FEC2 = Faecal egg count at the end of the second challenge; AFEC = Adult ewe faecal egg 
count. 

Trait 

Breed group 

Romney Coopworth Perendale Texel 

r CI low r CI low r CI low r CI low 

WWT 0.74 0.63 0.63 0.49 0.44 0.22 -0.02 -0.29 
CWT 0.23 0.09 0.52 0.38 0.39 0.16 0.30 0.03 
NLB 0.39 0.16 0.24 -0.02 0.00 -0.43 -0.18 -0.68 
FEC1 0.40 0.28 0.68 0.56 0.31 0.10 0.28 -0.05 
FEC2 0.45 0.32 0.79 0.68 0.38 0.16 0.23 -0.10 
AFEC 0.45 0.32 0.44 0.28 0.37 0.16 0.07 -0.28 

 
 

validation and training sets, and the year cutoff used 
for each trait. 

SNP coefficients were estimated with BLUP, 
using a numerator relationship matrix estimated 
from the SNP markers using the first method 
described by VanRaden (2008), namely 

 G
ZZ

∑
,  

where Z is a centred version of the genotype scores 
matrix, and pi is the (first) allele frequency for the ith 
SNP. Variance components were estimated using 
REML in a model that included principal 
components of the genotype data in the training set. 
Dependent variables, as described above, were 
weighted according to their reliability and genomic 
predictions, and molecular breeding values (mBVs), 
were obtained by multiplying the SNP coefficients 
by the SNP genotypes and summing. 

The accuracy of the mBVs was estimated in 
each of the three breeds separately using the 
validation sets. The accuracy of the mBVs was also 
estimated in the Texel breed to see how well the 

prediction might work outside the training breeds. 
Accuracies were calculated as weighted correlation 
coefficients between dependent variables and 
mBVs, divided by the square root of the estimated 
heritabilities of the dependent variables, following 
Su et al. (2010). This was done because correlations 
represent Corr(mBV, y) where y is the dependent 
variable, while the accuracies we require are 
Corr(mBV, TrueBV) = Corr(mBV, y) / Corr(TrueBV, y), 
assuming the errors in calculating mBVs are 
uncorrelated with those in calculating y. This is why 
the dependent variables in training and validation 
should be independent. 

RESULTS AND DISCUSSION 

Table 2 shows the accuracies, along with their 
lower 90% confidence limit. Currently, we suggest 
that mBVs should only be reported for combinations 
of traits and breeds where this confidence limit is 
above 0, indicating that the corresponding accuracy 
is significantly higher than 0 at the 5% one sided 
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significance level; and only for breeds present in the 
training set. Suitable combinations have been 
bolded in the table. 

These results suggest that predictions should 
only be done for WWT and CWT in Romneys, 
Coopworths, and Perendales, for NLB in Romneys 
and for FEC traits in Romneys, Coopworths, and 
Perendales. The prediction equations developed will 
allow genomic selection to be applied in New 
Zealand for these combinations of breeds and traits. 
The accuracies presented here are based on modest 
numbers of animals genotyped. Current efforts are 
being directed to increase the number of animals in 
the training set and broaden the range of traits that 
are predicted. 
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