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Introduction 

The efficiency of parentage inference could be impacted by inference methods, genotyping 

error rates, and amounts and polymorphism of markers. The earliest, simplest, and widely 

used approach of parentage inference was exclusion approach (Jones, A.G. and Ardren, W.R. 

(2003)). However, compared to exclusion approach, likelihood approach could consider all 

markers jointly and could better account for genotyping errors (Anderson, E.C. and Garza, 

J.C. (2006); Marshall, T.C., Slate, J., Kruuk, L.E.B. et al. (1998)). At present the efficiencies 

of these two approaches was not compared. The aim of this study was to compare these two 

approaches in parentage inference of dairy cattle population using single nucleotide 

polymorphisms (SNPs). 

Material and methods 

Scenarios of parentage analysis. Three scenarios of parentage inference were included in 

this study: 1) genotyping the offspring and one potential parent, 2) genotyping the offspring, 

one true parent and one potential parent, 3) genotyping the offspring and two potential 

parents (Jamieson, A. and Taylor, C.S. (1997)).  

 

Generation of genotypes and population. Fifty SNPs were generated for each individual in 

the simulation. The minor allele frequency (MAF) was assumed to has a uniform distribution 

U (0.3-0.5) (Baruch, E. and Weller, J.I. (2008)). It was assumed that there was no linkage 

between SNPs. Genotyping errors and missing genotypes were considered in the simulation. 

Miscalling heterozygotes as homozygotes caused most false exclusions in sire identification 

(Hill, W.G., Salisbury, B.A. and Webb, A.J. (2008)). Therefore, we simply assumed that only 

heterozygotes could be miscalled to be homozygotes according to allele frequencies. In the 

simulation of genotypes, when genotyping error occurred, the genotype Aa could be 

miscalled to be genotype AA or aa with probabilities p or q if the frequencies of two alleles 

(A and a) were p and q in one locus. The rate of missing genotypes was assumed to be 0.01. 

In scenarios 1 and 2, 10000 cows, 20 bulls and 10000 offspring were simulated. All the cows 

and bulls were assumed to have no relationships, and their genotypes were generated 
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randomly according to allele frequencies of the population. Random mating was assumed 

between cows and bulls. Each cow had one offspring, and genotypes of the offspring were 

generated by simulating Mendelian inheritance. In scenario 3, 1000 cows, 10 bulls and 1000 

offspring were simulated as described above.  

 

Methods of parentage inference. Exclusion approach was based on Mendelian 

incompatibilities. If genotypes of the putative parent and the offspring in one locus conflicted 

with Mendelian inheritance, they were excluded from parentage relationship. The exclusion 

approach was self-programmed by Fortran 95. Likelihood approach was implemented using 

CERVUS 3.0 (Kalinowski, S.T., Taper, M.W., and Marshall, T.C. (2007)). In scenarios 1 and 

2, the father of each offspring was inferred, and all bulls were considered to be the potential 

fathers of each offspring; in scenario 3, the father and mother of each offspring were inferred, 

and all bulls and cows were considered to be the potential parents of each offspring. We 

found out the offspring whose inferred fathers or parents by these two approaches were in 

accord with the real fathers or parents (accord to the pedigree), and the proportion of these 

offspring in all offspring was used to compare these two approaches. The simulation was 

repeated for 10 times, and the average of the 10 duplicates was used in the results. 

Results and discussion 

Anderson, E.C. and Garza, J.C. (2005) had reported that genotyping error rate of recent and 

large-scale SNP genotyping studies was 0.0001-0.005. Genotyping error rate from 0 to 0.1 

was simulated. Results were shown in figure 1 (a) and figure 1 (b). When there was no 

genotyping error, the proportions of offspring were 0.9277, 0.9980, and 0.9488 for exclusion 

approach in scenarios 1, 2, and 3, and 0.9932, 0.9998, and 0.9934 for likelihood approach, 

respectively. When genotyping error rate ranged from 0 to 0.001, it almost had no influence 

on the proportions of offspring in all three scenarios (figure 1 (a)). However, when 

genotyping error rate increased from 0.001, the proportions of offspring obviously decreased. 

In both figure 1 (a) and figure 1 (b), it could be found that the magnitude of decrease in 

exclusion approach was larger than that in likelihood approach, especially in situations of 

high genotyping error rate. When error rate reached 0.01, the proportions of offspring were 

0.8527, 0.8159, and 0.6908 for exclusion approach in scenarios 1, 2, and 3, and 0.9894, 

0.9995, and 0.9807 for likelihood approach, respectively. The proportions of offspring were 

most significantly and negatively influenced by genotyping errors in scenario 3 by both two 

approaches.  

 

 

 

 

 

 

 

 

 

 



 

 

 

Figure 1: The change trends of the proportion of offspring whose inferred fathers or 

parents by these two approaches were in accord with the real fathers or parents 

 

For likelihood approach, different genotyping errors models bring different methods for 

calculating the likelihood ratio, which lead to different results of parentage analysis. 

Genotyping errors can be generated at every step of the genotyping process and by a variety 

of factors (Bonin, A., Bellemain, E., Eidesen, P.B. et al. (2004)). The genotyping errors 

model in CERVUS was simple and not likely to be true (Kalinowski, S.T., Taper, M.W., and 

Marshall, T.C. (2007)). Relatedness of candidate parents to the offspring may impact the 

efficiency of likelihood approach, and a combination of exclusion and likelihood method 

could be more efficient (Marshall, T.C., Slate, J., Kruuk, L.E.B. et al. (1998)). Further studies 

are warranted to discover proper model for genotyping errors, better quantify the advantage 

of likelihood approach over exclusion approach, as well as form full package of strategies 

suiting for various situations in parentage inference of dairy cattle. 

Conclusion 

Likelihood approach was more efficient than exclusion approach for parentage inference of 
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dairy cattle population using 50 SNPs in this study. Genotyping errors had greatly negative 

impact on the efficiency of parentage inference when it became higher than 0.001. 
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