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SUPPLEMENTAL MATERIAL
S1. Simulation of QTL effects for two parental breeds and their crossbred
At each locus, three (P1, P2 for the two parental breeds and C for the CB progeny) QTL additive and three (for P1, P2 and C) QTL dominance effects were sampled from two normal distributions with 0 mean and covariance matrices


Variances in the diagonal of these matrices were obtained backsolving from estimates in the animal scale in Xiang et al. (2016). For instance, additive  and dominance  QTL variances in the P1 breed with allele frequencies  and  at the  QTL, are equal to:



where  and  are the additive and dominance genetic variances in P1. QTL variances were computed in the same manner for P2. In the CB population, additive  and dominance  QTL variances were obtained from Eq. (5), (6) and (7) in Vitezica et al. (2016), as:

 And

where  and  refers to the frequencies in the second parental breed (P2). Note that QTL allelic frequencies differ between parental breeds. 
The covariance matrix for residual effects was as follows: 


S2. Genomic evaluation models
Genomic evaluations were performed based on two models, depending on each scenario. The first model was a univariate GBLUP model included only additive genetic effects plus genomic inbreeding, and was written as follows:

where  is a vector of phenotypes of PB females;  is the general mean;  is the vector of genomic inbreeding coefficients, calculated as the average homozygosity per individual; and  is the inbreeding depression parameter. Further,  is the vector of additive genetic effects and  is a vector of random residual effects . Breeding values were distributed as , where  is the additive genomic relationship matrix, and  is the incidence matrix that related phenotypes to breeding values. Terms  and  refer to the additive genetic and residual variances, respectively, which were assumed known.
The additive genomic relationship matrix was calculated according to VanRaden (2008), as follows:

where  is a matrix with dimensions equal to the number of animals  by number of SNPs , with elements equal to ,  and , for genotypes  and  respectively;  is the frequency for allele  of the  SNP (for ), and . This model was implemented with Blupf90 software (Misztal et al. 2002). The  for candidates were obtained directly from the solutions of the mixed model equations.
The second model was a trivariate SNP-BLUP, with correlated SNP effects across the three populations. This model can be written according to Xiang et al. (2016) as: 




where , , and  are the vector containing the phenotype of females for P1 and P2 breeds, and CB population, respectively; , , and  are the respective general mean; , ,  and , ,  are the functional additive and dominance SNP effects for each population, respectively. Note that estimated dominance SNP effects  are centered (). Then ,  and  are the genomic inbreeding coefficient as explained above; and ,  and are the inbreeding depression parameters for P1, P2, and CB, respectively, which are transformed into directional depression estimates  so that the final estimate of the dominance effects is .  and  are incidence matrices that related the data to additive and dominance SNP effects, respectively. SNP genotypes were coded as 1, 0, and -1 for additive effects and 0, 1 and 0 for dominance effects, for genotypes  and , respectively. The covariance structures for the additive and dominance SNP effects across populations are:



The additive and dominance SNP (co)variances were assumed known (backsolving from estimates in the animal scale in Xiang et al. (2016)). This SNP-BLUP was implemented using own Fortran program. The  was obtained from the equations used to simulate the , but instead of using QTL genotypes and effects, the SNP frequencies from P1 and P2 and the estimated SNP effects of the CB progeny were used. The SNP effects were estimated each generation by using the current allele frequencies.
Genomic evaluations were performed each generation, and animals in previous generations were included in the analyses. For instance, for S1 and S2, the number of PB animals evaluated by GBLUP in the last generation was equal to 27,144. However, when the trivariate SNP-BLUP model was implemented, a maximum of 5 generations was included in the evaluations, due to the high computing demanding resources and time. For example, in S3 and S4, the total number of animals evaluated in the last generation was 36,720 (12,240 animals from each of the three populations). Note that, as CB animals were created after selecting PB animals, CB information used in the genetic evaluation came from the previous generations. For instance, for the first genomic evaluation in generation 1, we included PB information (genotypes) from generation 1 and founders (genotypes and records of females), but the CB information (genotypes) comes only from the CB reference population derived from founder animals (see Figure 2 in the manuscript). 
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