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Introduction

First studies have investigated the feasibility of genomic evaluation in French dairy goat
(Carillier et al., 2014).They have shown the interest of ssGBLUP method (Legarra et al.,
2009), using performances of all females, genotypes and pedigree. This method was then
implemented in French dairy goat in 2017. It assumes that traits are under a complete
polygenic determinism. However, in the two main French dairy goat breeds (Alpine and
Saanen), QTL and major genes have been identified for traits, such as αs1 casein gene
(chromosome 6) or DGAT1 (chromosome 14) (Martin et al., 2017). Taking into account this
information in a model to estimate genomic breeding values could increase accuracy of
genomic predictions of candidates. Weighted ssGBLUP approaches developed by Wang et al.
(2012) were proposed to give more weights to SNP strongly associated to a trait in the
construction of the relationship matrix. In this study, ssGBLUP, WssGBLUP and three
variants of WssGBLUP were compared to evaluate the benefit of taking into account QTL
and/or major gene in the French dairy goat genetic evaluation for five milk productions, five
udder types and one functional traits.

Material and methods

Data: Traits studied were milk production traits (milk, fat and protein yields, protein and fat
contents), udder type traits (udder floor position, udder shape, rear udder attachment, fore
udder and teat angle) and somatic cell score (SCS: log-transformed somatic cell counts).
Phenotypes were derived from official genetic evaluation of January, 2012. At the most,
7,254,649 of phenotypes were recorded, and the pedigree file included 2,755,861 of animals
(Alpine and Saanen breeds). After quality control genotypes for 2,955 animals (1,749 Alpine
and 1,206 Saanen males and females born between 1993 and 2012) with the Illumina SNP50
BeadChip were available.

Including weights into genomic evaluation models: Each trait was analyzed separately and
within breed. For milk production traits and SCS, model used was: y = Xβ + Zu + Wp + e,
where y is the vector of all females performances within breed, β the fixed effects (herd, age
and month at delivery within year, lactation number and region, length of dry period), p the
permanent environmental effects (p ~N(0, Iσ²p)), u the genomic breeding values and e a
vector of random normal errors. Genomic breeding values u are normally distributed with
Var(u)=Hσ²u, where H is the genetic relationship matrix combining information of SNP
markers and pedigree. For udder type traits, the following model was used: y = Xβ + Zu + e,
where y, u and e are the same vector described previously and β the fixed effects (herd within
year, age at scoring, lactation stage).
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Genetic evaluations were performed using 6 different genetic relationship matrices (H): (1)
using only pedigree as presented by Henderson (1984) (ssBLUP), in this case Var(u)=Aσ²u,
(2) using both pedigree and genotypes as presented by Legarra et al. (2009) (ssGBLUP) with
the H matrix calculated as:

where A is a pedigree based relationship matrix with indices 1 and 2 for ungenotyped and
genotyped animals respectively and G is the genomic relationship matrix calculated as:

where m is the number of SNPs, pi the estimated allele frequency at the locus i, M a centered
matrix of SNP genotypes and D a diagonal matrix of weights assigned to each SNP. D is an
identity matrixhere. In the four last matrices, modification was made on D in order to give
more weights to SNP strongly associated with a specific trait (Wang et al., 2012). Solutions of
genomic breeding values from ssGBLUP were decomposed into SNP effects. Then, variances
of each SNP effect were estimated and used as weights in D to construct G. In the third
matrix (3) a specific weight was estimated for each SNP (WssGBLUP). SNP on the whole
genome were split into non overlapping windows of 40 SNP and the same weight was given
at each SNP of the window. These weights were calculated as (4) the mean of weights of SNP
inside the same window (WssGBLUPmean), (5) the sum of weights (WssGBLUPsum) and (6)
the maximum of weights (WssGBLUPmax).

Cross validation analyses: Accuracy of genomic predictions was assessed by the Pearson
correlation between GEBVs estimated and Daughter Yield Deviations (DYD) calculated after
official genetic evaluation of January, 2016. Validation set was constituted of 351 bucks born
between 2008 and 2012 (205 Alpine and 146 Saanen) whereas training set was constituted of
554 bucks born between 1993 and 2007 (307 Alpine and 247 Saanen).

Results and discussion

Estimations of SNP weights with WssGBLUP are presented on Figure 1 for protein content,
udder floor position and teat angle. Similar figures were obtained for other traits (results not
shown). A big chromosomal region on chromosome 6 strongly associated to protein content
was detected in both breeds. This region contain casein cluster gene known to be associated
with protein content Martin et al. (2017). An important chromosomal region on chromosome
19 was detected only in Saanen breed for udder floor position,milk, fat and protein yields,
SCS and for rear udder attachment. GWAS studies have detected QTL influencing somatic
cell count and udder type traits on chromosome 19 (Rupp et al., 2013, Rupp R., INRA
personal communication). For teat angle, udder shape, fore udder and fat content, no region
was detected for both breeds.

Accuracy of genomic predictions on validation set is presented on Table 1.Same results were
obtained with WssGBLUP(mean, max or sum), so only results with WssGBLUP(mean) were shown.
Improvements from +1 to +8 points were observed for ssGBLUP compared to ssBLUP for all
traits. Accuracy with WssGBLUP(mean) was higher than the one with WssGBLUP (from +0 to
+5 points) except for fat yield in Alpine breed (-1 points). Two situations occurred according
the breed. For Alpine breed, WssGBLUP(mean) improved accuracy of evaluation compared to
ssGBLUP for protein content, udder floor position and for rear udder attachment and SCS
(from +1 to +3 points). For others traits no improvement of accuracy was observed between



ssGBLUP, WssGBLUP and WssGBLUP(mean). For Saanen breed, slight improvement of
accuracy was observed between ssGBLUP and WssGBLUP(mean) for fat content, fore udder,
rear udder attachment and SCS (from +1 to +3 points). Highest improvement of accuracy
between ssGBLUP and WssGBLUP(mean) was observed for milk, fat yield, protein yield,
protein content and udder floor position (from +5 to +7 points). Accuracy with
WssGBLUP(mean) was equal to accuracy with ssGBLUP for teat angle and udder shape. For
almost all traits, accuracy of genomic prediction with WssGBLUP(mean) for Saanen breed was
higher than those for Alpine breed although the reference population size is lower in Saanen.
These results could be explained by the presence of more QTLs detected in Saanen than in
Alpine, a higher inbreeding level and a higher kinship coefficient between training and
validation sets in the Saanen breed (Carillier et al., 2014). The gain of accuracy observed in
this study with WssGBLUP(mean)was higher than gain obtained on simulated data by Wang et
al., (2012) and Zhang et al., (2016). Finally, WssGBLUP is an interesting approach, which
combines fast computing, simplicity and need only to run twice ssGBLUP.
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Figure 1. Estimation of weights included in WssGBLUP for Alpine and Saanen breeds.

Table 1. Accuracy of genomic predictions for Alpine and Saanen breeds using ssBLUP,
ssGBLUP, WssGBLUP and WssGBLUP(mean).

Alpine Saanen

ssBLUP ssGBLUP WssGBLUP
WssGBLUP

ssBLUP ssGBLUP WssGBLUP
WssGBLUP

(mean) (mean)

Milk 0,43 0,45 0,43 0,45 0,42 0,49 0,56 0,56

Fat yield 0,23 0,31 0,31 0,3 0,41 0,43 0,47 0,49

Protein
yield

0,23 0,3 0,27 0,28 0,37 0,45 0,5 0,51

Fat content 0,66 0,66 0,65 0,66 0,57 0,59 0,6 0,61

Protein
content

0,71 0,76 0,78 0,79 0,66 0,73 0,77 0,78

Fore udder 0,48 0,49 0,47 0,49 0,55 0,62 0,59 0,63

Udder
shape

0,46 0,48 0,46 0,48 0,36 0,37 0,32 0,37

Udder floor
position

0,42 0,42 0,4 0,44 0,54 0,59 0,64 0,66

Rear udder
attachment

0,37 0,4 0,36 0,41 0,53 0,6 0,61 0,63

Teat angle 0,35 0,42 0,41 0,41 0,45 0,49 0,46 0,48

SCS 0,42 0,44 0,41 0,45 0,41 0,45 0,43 0,46


