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ABSTRACT: Detection of quantitative trait loci (QTL) 
was carried out in the French Charolais beef breed for direct 
and maternal deregressed estimates breeding values (DEBV) 
for birth and weaning traits using Bayesian Spare Linear 
Mixed Model methodology. Data were analyzed for a total of 
2,682 (direct DEBV) and 881 (maternal DEBV) animals 
genotyped or imputed for the BovineHD BeadChip. A QTL 
was assumed to have a strong evidence for a given location 
when a SNP had a Bayes Factor computed at a value above 
150. Regarding direct DEBV, SNPs identified with a very 
strong evidence for a QTL were spanned over all 
chromosomes with common regions between traits. For 
maternal DEBV, fewer QTL were detected. To our 
knowledge, although a lot of QTL regions had already been 
reported, some new regions emerged from our study with 
candidate genes available. 
Keywords: Beef cattle, QTL, Calving ease, Birth weight, 
Weaning weight 

Introduction 

French Charolais cattle is a specialized beef breed 
where weights and calving difficulties have continuously 
increased over the last three decades. Because of the 
economic incidence of birth difficulties for the breeder 
revenue and ethical considerations about animal welfare, it 
is important to implement an efficient selection strategy for 
reducing birth difficulties and try to find some reproducers 
with high potential for growth, but small birth weight. 
Gene-assisted selection may be helpful to fulfill this 
breeding goal. The aim of this study was to establish fine 
map the main regions of interest for birth traits and weaning 
weight in Charolais cattle using a Bayesian sparse linear 
mixed model (BSLMM) applied to high-density genotypes. 
This hybrid model proposed by Zhou et al. (2013) is 
capable of learning the genetic architecture from the data.  

Materials and Methods 

Genotype Data. A total of 2,682 registered French 
Charolais animals (94% males), born between 1965 and 
2012, were genotyped, either with the Bovine SNP50 (50K) 
BeadChip® or with the BovineHD (777K) BeadChip®. 
After ususal quality controls, imputation of 50K genotypes 
to 777K genotypes was performed using BEAGLE software 
(Browning and Browning (2009)) following the procedure 
described in Hozé et al. (2013).  

 
Phenotype Data. The “phenotypes” considered as 

response traits in this study were deregressed estimates 
breeding values (DEBV) from national polygenic BLUP 
evaluation, based on field data for birth weight (BW), 
calving condition score (CE) and weaning weight (WW). 
The deregression was performed according to Garrick et al. 
(2009) methodology. Despite a various amount of 

phenotypic records among genotyped animals (Gunia et al., 
2014), no weights were accounted in the analysis because 
the software GEMMA (Zhou and Stephens, (2012)) 
allowing the BSLMM analysis cannot account for weighted 
analysis. It was checked that results were consistent and 
more accurate in terms of mapping QTLs than those 
derived from the analysis of individual performance for the 
subset of animals with records of their own performance. 
Two different DEBV were considered for each phenotypic 
trait: direct DEBV for direct genetic effect and maternal 
DEBV for maternal genetic effect.  

The numbers of genotyped animals with DEBV varied 
from 799 to 881 for maternal effects, and from 2,381 to 
2,682 for direct effects, and are presented for each trait in 
Table 1. 

Table 1. Number of records for direct and maternal 
response traits for birth weight (BW), calving condition 
score (CE) and weaning weight (WW). 

 BW CE WW 

Direct trait 2,682 2,672 2,381 

Maternal trait 881 879 799 

 

Statistical analyses. Genomic prediction 
equations were derived using a bayesian sparse linear 
mixed model (Zhou et al., (2013)) in which SNP effects can 
be decomposed into two parts: α that captures the small 
effects that all SNPs have (i.e polygenic effect), and β the 
additional large effects that some SNPs have (i.e QTL 
effects). 

For each trait, the following model was fit for the 
response trait y: 

y =  1nµ + Xβ + u + ε     
with  βi~πN(0,σa2τ−1) + (1 − π)δ0 

    u~MVN(0,σb2τ−1K)  ϵ~MVN(0, τ−1In) 

where 1n is a vector of 1, μ is the overall mean; X is a n×p 
matrix of genotypes measured on n individuals at p genetic 
markers; β is the corresponding p-vector of the genetic 
marker effects; u is a n-vectors of random polygenic 
effects; ε is an n-vectors of errors; τ-1 is the variance of 
residual errors; K is a known n×n relatedness matrix equal 
to XXT/p. 

A maximum of SNP corresponding to a π of 
0.0001 could be retained per iteration and 1 000 000 
iterations were run for each trait analysis. 
 



Evidence for a QTL was given by Bayes Factor 
(BF) as described by Varona et al. (2004). For each SNP 
considered in an analysis, BF was derived with the 
following formula: 

BF =
γ/(1 − γ)

πmean/(1 − πmean)
) 

With γ the probability for a given SNP to be a QTL 
and πmean was equal to the mean proportion of SNP retained 
per trait. Following Kass and Raftery (1995) 
recommendation, very strong evidence for a region of 
interest was considered for SNP with a BF above the 
threshold value of 150. 

Results and Discussion 

Quantitative genetic parameters. The mean 
number of SNP retained (SNPmean) were 25.5, 10.4, 15.6, 
19.3, 15.6 and 14.7 for direct BW, direct CE, direct WW, 
maternal BW, maternal CE and maternal WW, respectively. 
Corresponding πmean were equal to 0.00004, 0.00002, 
0.00002, 0.00003, 0.00002, and 0.00002 for direct BW, 
direct CE, direct WW, maternal BW, maternal CE and 
maternal WW, respectively. Proportion of the total variance 
explained (PVE) by genetic effects both polygenic and QTL 
effects (Table 2) ranged from 0.18 to 0.35 for direct DEBV 
and from 0.21 to 0.38 for maternal DEBV. Proportion of 
genetic variance explained (PGE) by QTL (Table 2) ranged 
from 0.09 to 0.16 for direct DEBV and from 0.12 to 0.18 
for maternal DEBV. 

Table 2. Genetic parameters obtained by BSLMM per 
trait. 

 
DBW DCE DWW MBW MCE MWW 

PVE 0.35 0.18 0.35 0.21 0.28 0.38 
PGE 0.16 0.09 0.10 0.16 0.18 0.12 

DBW: direct DEBV for body weight; DCE: direct DEBV for calving ease; 
DWW: direct DEBV for weaning weight; MBW: maternal DEBV for body 
weight; MCE: maternal DEBV for calving ease; MWW: maternal DEBV for 
weaning weight. PVE: proportion of total variance explained by polygenic and 
QTL effects. PGE: proportion of genetic variance explained by QTL effects 

 
QTL detection. Table 3 shows the number of 

SNPs with a BF above the threshold value of 150 according 
to traits and chromosomes. For each trait, more putative 
QTL were found for the direct DEBV than for the maternal 
DEBV. This fact is likely related to the large differences in 
number of records available between direct and maternal 
traits (Table 1).  

Concerning direct DEBV, regions of interest were 
located on chromosomes 2, 7, 15, 17, 18, 19 and 25 for 
BW, on chromosomes 2, 4, 17 and 22 for CE and on 
chromosomes 2, 3, 4, 7, 10, 21 and 26 for WW.  

For maternal DEBV, no regions were retained for 
BW. For maternal CE, regions of interest were detected on 
chromosome 2, 4, 6, 21 and 24 and for maternal WW on 
chromosome 1, 11, 15 and 21. Figure 1 to 4 present the 
plots of Bayes Factor along the chromosome 21 for 
maternal CE, on chromosome 11 for maternal WW, on 
chromosome 17 both for direct CE and BW, respectively. 
Major evidence for QTL were detected for the region 
around 3 Mb on chromosome 21 and around 72 Mb on 

chromosome 11 for maternal CE and WW, respectively. 
Some candidate genes are located in these regions. Further 
studies are currently underway to identify the causative 
mutations explaining the 2 QTL. For direct CE and BW, on 
chromosome 17, two QTL were found around 56 and 65 
Mb for direct CE (Figure 3) and around 65 and 76 Mb for 
direct BW. 
 

 
Figure 1. Plot of BF across chromosome 21 for maternal 
DEBV for CE. Distance is expressed in mega base.  
 
 

 
Figure 2. Plot of BF across chromosome 11 for maternal 
DEBV for WW. Distance is expressed in mega base. 
 

 

Figure 3. Plot of BF across chromosome 17 for direct 
DEBV for CE. Distance is expressed in mega base.  
 

Some regions of interest were co localized for two 
or three traits (* in Table 2), for example, in chromosome 2 
for direct BW, direct CE and direct WW, in chromosome 
17 for direct BW and CC around 65 Mb (with BF=179 and 
BF=5445 respectively, in red boxes on Figure 3 and 4), in 
chromosome 4 for both direct and maternal CE and in 
chromosome 21 for maternal CE and direct WW. 



 

Figure 4. Plot of BF across chromosome 17 for direct 
DEBV for BW. Distance is expressed in mega base.  
 

Some of the regions found in the present study 
were previously reported and well documented in the 
literature. For example, a region for direct BW (BF = 
1300), CE (BF= 8500) and WW (BF=450) was found close 
to the myostatin mutation at the beginning of the 
chromosome 2 (Casas et al. (1998), Allais et al. (2010)). 

A lot of our regions of interest colocalized with 
QTL regions reported by McClure et al. (2010) in two 
commercial Angus populations. This is the case for QTL 
for direct BW on chromosome 7, 15, 18, 19 and 25; QTL 
for direct CE on chromosome 17 and for maternal CE on 
chromosomes 2, 4 and 6; and QTL, for direct WW on 
chromosome 3, 7, 21 and 26, for maternal WW on 
chromosome 1, 11 and 15. Some regions were also 
described as QTL by other studies as on the chromosome 
19 for direct BW (Huang et al. (2010), Kneeland et al. 
(2004)), on the chromosome 6 for maternal CE (Sahana et 
al. (2011)). 

Conclusion 

In this preliminary study, a lot of regions of 
interest were detected on both direct and maternal birth and 
weaning traits of the French Charolais beef cattle. Lot of 
these regions were previously reported and well 
documented in other beef and dairy breeds. But yet some 
new regions exhibited potential putative QTLs with large 
effects. Further work would be to confirm the existence of 
those potential QTLs in other French beef cattle breeds and 
to search for causative mutations based on sequence data 
that will become available for a few tens of French 
Charolais, Limousine and Blonde d’Aquitaine bulls within 
year 2014.  
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Table 3. Number of SNP with BF upper than 150 per 
chromosome and per trait. 

 BTA DBW MBW DCE MCE DWW MWW 
1 1 1 5 5 7 9 
2 14* 2 31* 9 6* 5 
3 1 0 9 2 19 3 
4 1 4 12* 8* 29 4 
5 2 0 10 2 4 3 
6 4 0 9 13 3 4 
7 26 0 7 0 7 4 
8 2 0 9 0 7 5 
9 1 0 5 2 3 3 
10 1 1 13 12 7 0 
11 2 0 5 4 3 10 
12 1 2 5 6 0 4 
13 3 1 7 1 2 0 
14 0 1 8 5 4 1 
15 22 2 5 4 6 8 
16 1 0 4 0 2 5 
17 7* 1 18* 1 9 0 
18 6 4 7 1 5 4 
19 6 1 8 2 4 2 
20 4 1 9 4 7 3 
21 7 1 5 9* 6* 7 
22 2 1 16 0 1 3 
23 0 0 4 0 2 1 
24 2 0 9 12 3 1 
25 27 0 2 2 1 2 
26 2 0 7 0 9 0 
27 0 0 5 2 0 0 
28 1 0 1 0 1 2 
29 1 2 2 3 0 2 

Whole 
Genome 147 25 237 109 157 95 

* Indicates common region found between traits. See Table 2 for 
abbreviations. 
 


