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Introduction 

The Uruguayan domestic dairy cattle evaluation (DOM) applies single-step genomic BLUP 

(ssGBLUP) methodology (Aguilar et al., 2010; Christensen and Lund, 2010) to a relatively 

small national population with strong reliance on imported genetics. The accuracy of genomic 

predictions could be improved by efficiently integrating information from international genetic 

evaluations performed through Multiple Across-Country Evaluation (MACE) by Interbull 

(Uppsala, Sweden). Ignoring foreign information from highly selected sires can bias domestic 

genetic evaluations (Vandenplas and Gengler, 2015). Different strategies have been proposed 

to incorporate external information into national ssGBLUP evaluations (Colinet et al., 2018; 

Guarini et al., 2019; Bonifazi et al., 2023). In addition, enlarging the training population 

improves the accuracy of genomic estimated breeding values (GEBV), particularly for young 

bulls without progeny records (VanRaden et al., 2009). Uruguay, like other small dairy 

populations, benefits from sharing genotypes with other countries; however, many foreign 

bulls have MACE evaluations but no domestic proofs. Integrating MACE information together 

with their genotypes could increase prediction accuracy by expanding the training population. 

The objective of this study was to assess the feasibility and impact of integrating MACE proofs 

and foreign genotypes into the Uruguayan national genomic evaluation for daughter pregnancy 

rate (DPR). 

 

Materials & Methods 

Data. The dataset consisted of DPR records from first to fifth parities used in the April 2023 

Uruguayan Holstein genetic evaluation. A total of 896,757 records from 371,606 cows (calving 

years 1998–2022) were available. Genomic evaluations were performed using ssGBLUP under 

a single-trait repeatability model for DPR using BLUPF90+ software (Lourenco et al., 2022). 

The pedigree included 531,234 animals obtained by tracing three generations of ancestors of 

cows with DPR records or genotyped animals. Eighteen unknown parent groups (UPGs) were 

defined according to sex, origin (foreign or national), and birth year. Genotypes were available 

for 4,175 animals, generated using the ICBF_IDBv3 50K SNP chip or obtained through 

international cooperation. After quality control, 39,288 SNPs were retained. Among genotyped 

animals, 2,950 were cows (born 1989–2019) and 1,225 were bulls (born 1952–2017). Most 

genotyped animals had at least one parent genotyped and also one known parent. External 

information consisted of MACE proofs and reliabilities from April 2018 (partial MACE), and 

April 2023 (whole MACE) runs. 

 

Integration methodology. MACE proofs were integrated into the domestic evaluation 

following the four-step blending approach of Bonifazi et al. (2023). Deregressed proofs (DRP) 

were calculated according to Garrick et al. (2009) for bulls with MACE evaluation, regardless 
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of whether they had domestic evaluations. Each information source (DOM and MACE) was 

weighted using its effective record contribution (ERC). For bulls contributing domestic 

information to MACE, double counting was avoided by adjusting both DRP and deregressed 

weights following Vandenplas et al. (2014). 

 

Scenarios. Five scenarios were defined to evaluate the impact of incorporating external 

information (Table 1 and 2). The reference scenario (NAT23) included only national 

phenotypes and genotypes (4,175 animals, of which 2,950 were cows and 1,225 bulls) for April 

2023 Uruguayan ssGBLUP evaluation. Additional scenarios incorporated MACE proofs as 

DRP (pseudo-phenotypes) weighted by their ERC. Scenario BLEND added to NAT23 MACE 

proof for all bulls with national proof. Scenario BLENDG further included MACE proof for 

foreign bulls (and its ancestors) with no national proof but with genotype available (1,422 

genotyped bulls). In scenarios BLEND and BLENDG, GEBVs were generated using both a 

whole dataset, which had all DPR records up to 2023 and MACE proofs from April 2023 run, 

i.e., BLEND23 and BLENDG23 respectively, and a partial dataset, which had DPR records up 

to 2018 and MACE proofs from April 2018 run, i.e., BLEND18 and BLENDG18 respectively.  

 

Validation of genomic predictions. Validation of GEBVs was performed for 41 genotyped 

focal bulls (valG) without MACE proofs but with at least 10 daughters contributing DPR 

records only to the whole dataset. For those sires, we compared their GEBV predicted from 

the whole dataset (‘w’) with GEBV predicted from a partial dataset (‘p’). The partial dataset 

removed phenotypes of cows recorded after 2017, so that records of daughters from those sires 

were not considered. GEBV of sires in valG with the whole dataset used 2,523 DPR records 

of 1,696 cows, 58 of which were genotyped. All GEBV were expressed in relation to the mean 

GEBV of cows born in 2010 and with DPR records. GEBVs obtained with partial data 

(GEBVp) and with whole data (GEBVw) were compared using statistics described in the ‘LR’ 

method (Legarra and Reverter, 2018). LR statistics and their respective confidence intervals 

were computed using VALIDATIONF90 program from the BLUPF90 software suite 

(Bermann et al., 2024). We used scenario BLEND23 to validate integration of MACE proofs 

into NAT23. We used scenario BLENDG23 to validate integration of MACE proofs and 

genotypes for bulls without national evaluation into NAT23. Finally, we compared blending 

scenarios, to investigate additional gain in accuracy with the more complete scenario 

(BLENDG23). Thus, we computed LR statistics between BLEND18 and BLENDG23, as well as 

between BLEND23 and BLENDG23, the latter comparison was using GEBV predictions with 

whole data (GEBVw) in both datasets. 

 

Table 1. Implemented scenarios.  

NAT23 National ssGBLUP evaluation using only domestic 

phenotypes and genotypes. 

BLEND18/BLEND23 NAT23 plus MACE DRP from 2018 or 2023 for bulls with 

domestic evaluations. 

BLENDG18/BLENDG23 BLEND18 or BLEND23 plus MACE DRP and genotypes for 

for foreign bulls without domestic evaluations. 

 

Table 2. Descriptive data for implemented scenarios.  

Scenario1 Genotypes Pseudo-phenotypes 

NAT23 4175 - 

BLEND18/BLEND23 4175/4175 3005/3911 

BLENDG18/BLENDG23 5597/5597 5268/5545 
1 For scenario references see Table 1. 
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Results 

Validation within scenarios is presented in Table 3 only for scenarios with whole data. Bias 

was low across all models (−0.14 to −0.08), and regression slopes ranged from 0.80 to 0.86, 

indicating limited inflation. The ratio of accuracies (p̂w,p) was highest for BLENDG23 (0.93) 

and lowest for NAT23 (0.77).  Comparisons across scenarios (Table 4), showed similar p̂w,p for 

NAT23 vs. BLEND23 and NAT23 vs. BLENDG23. Furthermore, p̂w,p for BLEND18 (partial 

phenotypic and MACE information) vs. BLENDG23 was higher than for BLEND23 (whole 

phenotypic and MACE information) vs. BLENDG23 (0.78 and 0.87 respectively).  

 

Table 3. Bias (μ̂w,p), slope (b̂w,p) and ratio of accuracies (p̂w,p) with their confidence intervals 

(CI) between genomic GEBV estimated with partial and whole data for the same scenario.  

Scenario1    μ̂w,p
2 

(CI) 

 b̂w,p 

(CI) 

𝑝̂w,p 

(CI) 

  

NAT23  -0.13 

(-0.35; 0.09) 

 

0.86 

(0.62; 1.10) 

0.77 

(0.61; 0.87) 

  

BLEND23  -0.08 

(-0.18; 0.03) 

 

0.80 

(0.67; 0.93) 

0.89 

(0.81; 0.94) 

  

BLENDG23  -0.14 

(-0.24; -0.03) 

0.85 

(0.72; 0.98) 

0.93 

(0.86; 0.96) 

  

1 For scenario references see Table 1. 
2 Bias in genetic standard deviations. 

 

 

Table 4. Bias (μ̂w,p), slope (b̂w,p) and ratio of accuracies (p̂w,p) with their confidence intervals 

(CI) when GEBVp and GEBVw were estimated with different scenarios.  

Scenarios1  

GEBVp - GEBVw  

  μ̂w,p
2 

(CI) 

 b̂w,p 

(CI) 

𝑝̂w,p 

(CI) 

  

NAT23- BLEND23  -0.23 

(-0.63; -0.02) 

 

0.99 

(0.80; 1.19) 

0.73 

(0.61; 0.81) 

  

NAT23- BLENDG23  -0.25 

(-0.48; -0.03) 

 

0.87 

(0.61; 1.13) 

0.73 

(0.54; 0.85) 

  

BLEND18-BLENDG23  -0.63 

(-0.77; -0.49) 

 

0.75 

(0.57; 0.93) 

0.78 

(0.68; 0.90) 

  

BLEND23-BLENDG23
3  -0.01 

(-0.08; -0.06) 

0.83 

(0.75; 0.92) 

0.87 

(0.76; 0.93) 

  

1 For scenario references see Table 1. 
2 Bias in genetic standard deviations. 
3 We validated GEBV predictions with whole data (GEBVw) in both scenarios. 

 

DISCUSSION 

The results demonstrate that MACE proofs can be successfully integrated into the Uruguayan 

national genomic evaluation. These findings are consistent with previous studies reporting 

increased reliability when incorporating external information into domestic evaluations 

(Vandenplas et al., 2017; Guarini et al., 2019; Luštrek et al., 2021). A relative increase in 
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GEBV accuracy of approximately 37% was observed when integrating MACE proofs 

(BLEND23 and BLENDG23) compared with the national evaluation alone (NAT23). The low 

heritability for DPR (5%) may explain the large gain in accuracy obtained by adding external 

information. Further improvement was achieved by including MACE proofs and genotypes 

from foreign bulls without domestic evaluations (BLENDG23), yielding additional accuracy 

gains of 15% and 28%, in relation to BLEND18 and BLEND23 respectively.  In contrast to our 

findings, Luštrek et al. (2021) reported no differences in GEBV reliabilities when comparing 

a scenario that incorporated only MACE proofs for nationally evaluated bulls with a scenario 

that additionally integrated MACE proofs and genotypes for bulls without national ssGBLUP 

evaluation for the Brown Swiss breed in Slovenia. Different blending strategies as well as size 

and structure of focal groups may explain the difference reported between our study and the 

reported in Luštrek et al., 2021).  

 

Conclusions 

Integrating MACE proofs and foreign genotypes into the Uruguayan ssGBLUP evaluation 

substantially improves the reliability of genomic predictions for daughter pregnancy rate. This 

strategy is particularly valuable for small dairy populations with limited domestic reference 

data and strong dependence on imported genetics. 
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