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ABSTRACT: A recently developed single-step method 

allows genetic evaluation based on information from 

phenotypes, pedigree and markers simultaneously. This 

paper compared reliabilities of predicted breeding values 

obtained from single-step method and the traditional 

pedigree-based method for two litter size traits, total 

number of piglets born (TNB), and litter size at five days 

after birth (LS5) in Danish Landrace and Yorkshire pigs. 

The results showed that the single-step method combining 

phenotypic and genotypic information provided more 

accurate predictions than the pedigree-based method, not 

only for genotyped animals but also for non-genotyped 

animals. 
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Introduction 

 

Litter size at weaning has been considered the 

most important reproduction trait in pig production. 

However, direct selection for litter size at weaning is 

generally restricted in practical pig breeding. Therefore, 

litter size at birth has been selected in practical pig breeding 

to improve the litter size at weaning in an indirect way. 

 

Total number of piglets born (TNB) has increased 

since selection of this trait was introduced in the early 

eighties (Sorensen et al. (2000)), in Danish Landrace and 

Yorkshire populations, but piglet mortality has also 

increased (Su et al. (2007); Varona and Sorensen (2010)). 

Furthermore, it was observed that most cases of death 

occurred during the first 5 d after farrowing in Danish 

Landrace and Yorkshire (Su et al. (2007)). To reduce the 

mortality of the piglets prenatally and in the early nursing 

period, the breeding goal in the Danish breeding program 

was changed in 2004 to focus on the litter size at five days 

after farrowing (LS5) (Nielsen et al. (2013)). 

 

Traditional genetic evaluation uses a linear mixed 

model, where genetic effects of different animals are 

correlated with a covariance structure proportional to the 

additive relationship matrix determined by pedigree. With 

the development of high-throughput genotyping 

technologies, it has become possible to estimate genomic 

breeding values using genome wide markers. 

 

Generally, genomic predictions are based on data 

of all genotyped animals. In practice, however, not all 

individuals can be genotyped. To make use of as much 

information as possible for genetic evaluation, it is 

appealing to perform genomic prediction based on all 

information from phenotypes of genotyped as well as non-

genotyped individuals simultaneously (Legarra et al. 

(2009); Aguilar et al. (2010); Christensen and Lund (2010); 

Christensen et al. (2012); Gao et al. (2012)). Such approach 

is called single-step method. 

 

The objective of this study was to compare the 

accuracy of traditional BLUP and a single-step model, for 

genetic evaluation of litter size in Danish Landrace and 

Yorkshire populations. 

 

Materials and Methods 

 

Data. In total, 1,331,036 and 872,088 records from 

breeding herds and multiplier herds for Danish Landrace 

and Yorkshire populations were supplied by the Danish 

Agriculture and Food Council, Pig Research Centre. 

Records without litter size at five days after birth (LS5) and 

records with a Duroc father were removed. After editing, 

778,095 litters of 309,362 Landrace sows and 472,001 

litters of 190,760 Yorkshire sows were used for the 

analysis. All sows with records were born from 1998 to 

2012. The DMU Trace program (Madsen (2010)) was used 

to trace the pedigree back to 1994. Consequently, there 

were 332,795 Landrace and 207,255 Yorkshire animals in 

pedigree, among which 3,445 (1,366 boars and 2,079 sows) 

Landrace and 3,372 (1,241 boars and 2,131 sows) 

Yorkshire individuals were genotyped. Two litter size traits, 

TNB and LS5 were analysed in this study. 

 

Prediction. Traditional BLUP with a pedigree-

based relationship matrix and single-step using a 

relationship matrix calculated from marker and pedigree 

information were applied to predict breeding values of 

individuals. The basic model was: 

                                            
       

                       
  

                        

In the model,    was the phenotypic value of TNB 

or LS5.     ,        and         were fixed effects of 

herd-year-season, parity and month at farrowing, 

respectively.  ,    and    referred to random additive 

genetic effect of sow, permanent effect of sow and service 

sire effect. The model included also the regressions (   – 

  ) on hybrid indicator (      , 0: pure litter, 1: hybrid 

litter), age at first farrowing (    and     , only for first 

parity); parity-correction (   , 0: no correction, 1: 

correction); farrowing interval (     and     , not for first 

parity); artificial insemination (  , 0: natural mating, 1: 

artificial insemination). The last term ( ) of the model is the 



 

random error. The random effects were assumed to be 

independent of each other and normally distributed. 

When using conventional genetic evaluation, it 

was assumed that          
  . Variance components and 

corrected phenotypic values were estimated using the full 

data. Phenotypic variance (  
 ) was defined as   

     
  

   
    

    
 . The heritability (  ) was defined as the 

ratio of additive genetic variance to phenotypic variance 

(     
     

 ). The corrected phenotypic values (  ) of the 

two traits of interests were calculated as estimated breeding 

values plus the average of estimated residuals for a sow 

over parities. These corrected phenotypic values were used 

for validation of prediction accuracy. Heritability of 

corrected phenotypic value (   
 ) was defined as    

  
  
 

  
    

 . 

When using the single-step model with 

information from both genotyped and non-genotyped 

individuals simultaneously, it was assumed that 

         
  . The matrix   was the genetic relationship 

matrix obtained by combining marker based and pedigree-

based relationship matrices (Christensen et al. (2012)). 

The predictions were computed using the DMUAI 

procedure in the DMU software (Madsen and Jensen 

(2012)). 

 

Validation. The birthdate of 2012-04-01 was 

chosen as the cut-off date to divide the whole data into 

training and validation data. The training datasets consisted 

of 764,442 records from 296,195 Landrace sows and 

461,501 records from 180,579 Yorkshire sows. These were 

used to predict traditional and genomic breeding values of 

13,167 and 10,181 young Landrace and Yorkshire 

validation animals of which about 500 in each breed were 

genotyped. 

The reliability    ) was measured as the squared 

correlations between    and EBV for individuals in the 

validation data, divided by    
 . 

 

Results and Discussion 

 

In the Landrace population, the average TNB was 

15.04 ± 4.11, with 12.25 ± 3.75 piglets alive after five days. 

In the Yorkshire population, even though the sows 

produced 0.5 more piglets (15.54 ± 4.21), LS5 was only 0.3 

higher (12.54 ± 3.85). In both two breeds, about 3 piglets 

died due to various reasons during the first five days after 

birth. This accounted for almost 20 percent of total piglets 

born which constitutes a great loss for pig industry. Another 

study in 2007 showed that the mean TNB and LS5 were 

14.3 and 10.2 for Landrace, and 13.1 and 10.1 for 

Yorkshire (Su et al. (2007)). Both TNB and LS5 were 

higher in the current study. During the recent years, TNB 

has increased by 0.74 and LS5 has increased by 2.05 in 

Landrace. In Yorkshire both of these two litter size traits 

increased by 2.44. The trend of increasing litter size and 

decreasing piglet mortality during these years indicated that 

LS5 has been an effective selection criterion to improve 

litter size at weaning. The other reason for the difference 

could be that the results in 2007 were based on the data of 

pure-bred litters, while the current study is based on litters 

from both pure-bred and cross-bred. 

 

Variance components and heritability are shown in 

Table 2. The range of heritabilities for the two traits in both 

Landrace and Yorkshire is between 0.08 and 0.11. All 

estimates of heritabilities were slightly higher in Landrace 

than in Yorkshire. The estimates of heritabilities for both 

TNB and LS5 were consistent with the study by Nielsen et 

al. (2013), but higher than those reported by Su et al. (2007) 

where the estimated heritabilities of TNB and LS5 were 

0.066 and 0.088 in Landrace, and 0.053 and 0.070 in 

Yorkshire, respectively. In another study of Danish 

Landrace, Strathe et al. (2013) reported that heritabilities 

were 0.09 for TNB and 0.06 for LS5. However, the latter 

two studies were based on the data from breeding herds 

only. In general, the estimates of heritabilities of TNB in 

both Landrace and Yorkshire were consistent with the 

average estimate (0.11) reported in the review by 

Rothschild and Bidanel (1998). 

 

The validation reliabilities are shown in Table 3. In 

Landrace, the validation reliabilities of TNB and LS5 were 

0.13 and 0.07, respectively, when using a traditional BLUP 

model. However, the validation reliabilities were enhanced 

to 0.16 and 0.08 when applying single-step model. In the 

Yorkshire population the reliability of EBV increased by 

16% from 0.153 to 0.177 for TNB and by 33% from 0.063 

to 0.084 for LS5. The increase in reliabilities was observed 

both for genotyped and non-genotyped animals in the 

validation dataset with larger increase in genotyped 

animals. Even though the magnitude of the increase for 

non-genotyped animals was smaller than that for genotyped 

animals, the enhancement when combining genotypic 

information is worthwhile and profound. 

 

In a study by Christensen et al. (2012), average 

daily gain (DG) and feed conversion ratio (FCR) in Danish 

Duroc pigs were analysed using a single-step model. For 

DG, the accuracies of prediction, which were measured as 

the correlations between breeding values and corrected 

phenotypic values, were increased from 0.193 

(conventional EBV) to 0.229 (GEBV) for all the validation 

animals, from 0.179 to 0.353 for genotyped animals and 

from 0.193 to 0.219 for non-genotyped animals. For FCR, 

the increase was 0.105 to 0.149, 0.196 to 0.231, and 0.087 

to 0.115, for all, genotyped and non-genotyped animals, 

respectively. The validation correlations were higher than in 

the current study, which might due to the difference in the 

traits. DG and FCR have much higher heritability than litter 

size traits studied. In addition, the study on DG and FCR 

was based on data from breeding herds where animals are 

more homozygous and managements are more consistent 

than those in the current study, which was based on data 

from both breeding and multiplier herds and included both 

pure-bred and cross-bred litters. 

 

Conclusion 

 



 

The current study compared the efficiency of 

pedigree-based traditional BLUP and single-step model 

which uses pedigree, phenotypic and genomic information 

simultaneously for genetic evaluation of litter size in 

Danish Landrace and Yorkshire populations. The results 

indicated that the reliability of genetic evaluation for litter 

size traits could be increased by using a single-step model. 

Though the genotyped animals accounted for a small 

proportion of the whole population, the efficiency of 

prediction was improved by combining the marker 

information into genetic analysis. The considerable increase 

of reliability was not only observed in genotyped animals 

but also in non-genotyped animals in the validation dataset. 
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Table 1. Descriptive statistics of full datasets 

§TNB = total number of piglets born 

LS5 = litter size at five days after birth 

 

Table 2. Variance components
§
 (with standard error) and heritabilities 

Breed Trait¥   
     

    
    

    
        

  

Landrace TNB 1.76 (0.04) 1.28 (0.03) 1.28 (0.03) 12.00 (0.02) 16.32 0.11 0.13 

 LS5 1.25 (0.03) 0.97 (0.02) 0.69 (0.01) 10.48 (0.02) 13.39 0.09 0.11 

Yorkshire TNB 1.32 (0.04) 1.13 (0.03) 0.98 (0.03) 12.08 (0.03) 15.51 0.09 0.10 

 LS5 1.07 (0.04) 1.01 (0.03) 0.49 (0.014) 10.63 (0.03) 13.20 0.08 0.10 
§
  

  = additive genetic variance 

   
  = permanent effect variance 

  
  = service-sire effect variance 

  
  = residual variance 

  
  = phenotypic variance 

   = heritability 

   

  = heritability of corrected phenotypic value 
¥TNB = total number of piglets born 
LS5 = litter size at five days after birth 

 

Table 3. Validation reliability of EBV  

Breed Trait
§
 

All Genotyped Non-genotyped 

BLUP Single-step BLUP Single-step BLUP Single-step 

Landrace TNB 0.132 0.158 0.097 0.125 0.129 0.152 

 LS5 0.074 0.076 0.004 0.020 0.074 0.075 

Yorkshire TNB 0.153 0.177 0.268 0.450 0.146 0.161 

 LS5 0.063 0.084 0.129 0.340 0.061 0.075 
§TNB = total number of piglets born 

LS5 = litter size at five days after birth 

Breed Trait§ N-obs Average S.D. Min value Max value 

Landrace TNB 778,095 15.04 4.11 1 33 

 
LS5 778,095 12.25 3.75 0 30 

Yorkshire TNB 472,001 15.54 4.21 1 33 

 
LS5 472,001 12.54 3.85 0 30 


