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Introduction

Genotyping animals with dense SNP information axrb&e genome is becoming cheaper
every year. In practice there has been a lot ehtitin to use this information for breeding
value estimation (Hayes et al. (2009)). Developmevdre on models allowing estimation of
individual variation for an IBD haplotype per locusodels estimating effects per SNP
(Calus et al. (2008)), and models that use SNRrimdtion to form a genomic relationship
matrix (G-RM) that can replace the numerator retethip matrix in routine BLUP
evaluations (VanRaden (2008)). The G-RM represhetsrue relationship between relatives
more precise than the numerator relationship basegedigree information, because it
reflects that relationships may deviate from theested average relationship due to
Mendelian sampling. Two disadvantages of the G-Rlthat information on known effects
of individual SNPs is ignored, and that non genetiyanimals can not be included easily. To
overcome the latter disadvantages (Aguilar et2d11Q)) developed a method to combine the
genomic and numerator relationship matrices foroggred and non-genotyped animals. To
overcome the first disadvantage we use a G-RM weibby the size of individual SNP
effects, based on a suggestion from Goddard (2@0farameterize mixed model equations
taking estimated SNP effects into account.

The objective of this study was to investigate haemse marker information can be used to
improve estimation of heritabilities for dairy tsithat are scarcely recorded on some
animals, i.e. feed intake and live weight. Firdtlycomparing estimated variance component
and their standard errors for three different asedy i) on 639 animals with pedigree
information; ii) a subset of 517 genotyped aninzald iii) a combined analysis of genotyped
and non genotyped animals. Secondly by weightidiyidual SNP effects in the G-RM.

Material and methods

Description of data. Data on 639 Holstein-Friesian heifers born betw#880 and 1997
were collected during the first 15 wk of lactatiddl cows were fedad libitum Live weight,
milk yield and milk composition were recorded wegldnd feed intake was recorded daily
using automated feed intake units, More comprekerdggtails on the data used can be found
in Veerkamp et al. (2000). A subset of these arsntld DNA available and these were
genotyped using the lllumina 50K SNP panel (54,80 in total). Quality control checks
included a call rate for each SNP of over 90%, a@d score >0.2 and a GenTrain score
>0.55, a minor allele frequency of >2.5% and a la€lkdeviation from Hardy Weinberg
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equilibrium (for more details on the editing seetda et al. (2010)). After all editing steps,
in total, 43,011 SNP and 517 animals were retathatl had genotypes and phenotypes for
all yield, intake and live weight traits consideteste.

Pedigree and genomic relationshipsThe numerator relationship matrix (A-RM) was spt u
for the 639 animal with data and 3363 ancestorufdiesen and Luo (1992)). The genomic
relationship matrix (G-RM) was set up for the 5Ehgtyped following (VanRaden (2008)):
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where Z is a matrix that relates SNP alleles to individuahd pis the second allele
frequency of SNP The A (full pedigree), A" (pedigree genotyped animals ), and @ere
combined to H following (Aguilar et al.)).

SNP weighted genomic relationshipsTo take account of different weights for SNP ie th
G-RM, as a first step the SNP effects were estichasing the Gibbs sampler described
earlier (Meuwissen and Goddard (2004); Calus e(28108); Calus et al. (2009)) with the
nloc 2
following model: y, = 4+ fixed_effects+ > > SNP +e,
j=1 k=1
wherey; is the phenotypic record of animalp is the average phenotypic performance;
SNRy is is a random effect for the kth (k=1,2) SNP laljgof nloc loci) of animal, ande is
a random residual for animal The parameterisation assumed the SNP effects &eme
two distributions (i.e. BayesC). The weighted geimomelationship matrix (WG-RM) was
now calculated using the estimated allele subgiitigffects at a locus, with the formula

WGRM:L
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where D is a diagonal matrix with weights per SNiP tbe diagonal. The weights were
proportional to the squared allele substitutiome and rescaled to be 1.0 on average across
all loci. Note that replacing D by | yields the G4Ras a result. WG-RM matrices were
calculated weighting all SNP by their squared estad allele substitution effect (ALL).
Alternatively only SNPs with a threshold value the posterior probability of the SNP being
associated to a QTL received a weight proportictealtheir squared estimated allele
substitution effect. In this scenario, the weighfsall SNPs with a posterior probability
below the threshold were averaged within this grofilSNPs. Finally, all weights were
scaled across loci to be 1.0 on average.

Statistical analyses.To estimate variance components for the randonmanieffect
associated with either of these relationship masriASREML (Gilmour et al. (2000)) was
used with the following general modey; = u+ Fixed_effects +a; +g; wherey; is the

phenotype (milk, fat and protein yield or compasiti dry matter intake or live weight) of
animal i; fixed_effects are the effects: year-gea(25 levels) and age at calving (3 levels);
a; is the random additive genetic effect of thehimal; andg; are the residuals. Var(a)sA

or Go, or Ho,.



Results and discussion

Estimated variance components of the models amngiv Table 1. Generally the estimates
based on pedigree relationships (A-RM) gave higlenetic variances than the estimates
based on genomic information. For all models stech@arors (SE) are large, as expected for
such a small dataset. When the pedigree was usidphienotypes from the genotyped

animals only, standard errors were highest. Addétigghenotypes did not improve the SE as
much as when using the G-RM, despite using 112rdscless. The combined analysis (H-
RM) uses all phenotypes and the more precise genoatationships for the genotyped

animals, and therefore gives the most precise atgiwf the heritability for all traits.

Table 1: Estimates of genetic variance, heritabilit (h%) and standard error (SE) of If,
using numerator (A-RM), genomic (G-RM) or combined(H-RM) relationship matrix,
and 639 or 517 phenotypes depending on the modeleds

Ga h? SE

RM A A G H A A G H A A G H
# phenotypes517 639 517 639 517 639 517 639 517 639 517 639
Milk (kg/d) 86 7.8 7.6 7.2 0.48 0.44 0.430.41 0.13 0.11 0.100.09
Fat (kg/d) 1.37 1.22 1.201.12 0.48 0.44 0.430.42 0.13 0.11 0.100.09
Protein (kg/d)0.55 0.51 0.44 0.43 0.41 0.39 0.330.33 0.13 0.11 0.100.09
Fat (%) 0.1500.143 0.1230.130 0.89 0.84 0.770.79 0.10 0.08 0.080.07
Protein (%) 0.0370.032 0.0300.028 0.81 0.71 0.700.65 0.10 0.10 0.080.08
DMI (kg/d) 25 23 1.8 1.9 0.83 0.77 0.660.67 0.11 0.10 0.090.08
LW (kg) 744 841 678 748050 0.56 0.460.51 0.13 0.11 0.100.09

The presumption was that when the genomic relatipnaas augmented by the individual
SNP effects, estimates of the heritability beconoeenprecise than when weighting all SNPs
equally. This decrease in the standard error ofhketability was observed (Table 2). For
fat% when the three SNPs were selected with théeligposterior probability of being
linked to a QTL, the standard error dropped fro8800 0.07. One of these SNPs was linked
to the DGAT gene with a large effect on fat%. Wéiglh more SNP reduce the SE even
further, but weighting all SNP effects accordingthe estimated allele effects did not work
(Table 2). Phenotypic variances became unrealestge for all traits and residual variances
became close to zero. This was unexpected becauBee8ects did not explain the full
phenotypic variance. A possible explanation mightthat the there is an autocorrelation
between the relationship matrix and phenotypic esllbecause they were estimated from the
same data.



Table 2: Estimates of variances (G = genetic, R =esidual, P=phenotypic), heritability
(h?) for fat% and standard error (SE) using WG-RM genanic relationship matrix with
higher weights for some (# SNP) loci according tche estimated allele effects, for all
SNP, or only SNP that had posterior probability >0001, >0.01, >0.05, >0.10.

RM G WG WG WG WG WG
Post. Prob. none p>0.10 p>0.05 p>0.01 p>0.001 All
# SNP - 3 7 116 4237 43011
G 0.12 0.12 0.13 0.13 0.14 0.61
R 0.04 0.05 0.04 0.04 0.04 0.00
P 0.16 0.17 0.17 0.17 0.18 0.61
h? 0.77 0.72 0.75 0.77 0.79 1.00
SE 0.08 0.07 0.07 0.06 0.06 0.00
Conclusion

Using the genomic relationship matrix (based or048,SNP) improved the estimation of
the heritability, even when 517 phenotypes wered usstead of 639 phenotypes with
pedigree relationships. Combining both pedigree gexomic relationships gave the most
precise estimate of the heritability.
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