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Introduction 
Pedigree information is fundamental to genetic evaluation and selection in animal breeding 

programs, because accurate parentage underpins the estimation of breeding values, genetic 

parameters, and management of inbreeding. However, pedigree records are frequently 

incomplete or erroneous due to misidentification and missing parent records, particularly in 

non-model breeding systems. The increasing availability of genome-wide single-nucleotide 

polymorphism (SNP) data provides an opportunity to reconstruct pedigrees directly from 

genomic information.  Existing parentage assignment tools rely on likelihood-based or 

Bayesian frameworks, which provide powerful probabilistic inference frameworks for 

parentage assignment (Anderson and Garza, 2006; Jones and Wang, 2010; Huisman, 2017). 

To complement these approaches, we developed geno2ped, an open-source R package for 

pedigree reconstruction from SNP genotypes using deterministic similarity rules. The method 

provides interpretable decision criteria and allows explicit control of the trade-off between 

assignment completeness and certainty. The objective of this study was to present the geno2ped 

framework and evaluate its performance under simulated breeding scenarios, with comparison 

to existing methods as a secondary objective. 

 

Population simulation. Pedigree reconstruction performance was evaluated using simulated 

dairy-like populations consisting of 15 sires, 30 dams, and 120 offspring per replicate. 

Genotypes were simulated for bi-allelic SNP markers distributed across 29 chromosomes with 

minor allele frequencies uniformly distributed between 0.05 and 0.50. Offspring genotypes 

were generated by Mendelian segregation from known parental genotypes. Simulated 

populations and genotypes were simulated in R using custom scripts based on Mendelian 

segregation. 

 

Benchmark scenarios. Four benchmark scenarios were evaluated: (1) increasing genotype 

error rates (0–2%), (2) varying SNP densities (50–1,000 markers), (3) missing parent genotypes 

(0–50%), and (4) increasing population size (200–1,000 offspring). Each scenario was 

replicated 20 times. The geno2ped algorithm reconstructs pedigrees using deterministic 

similarity rules derived directly from SNP dosages. For each potential parent–offspring pair, 

opposing homozygote counts, allele-sharing similarity metrics, and Mendelian error rates are 

calculated. Candidate parents are ranked by similarity scores and validated using explicit 

Mendelian consistency thresholds. Two configurations were evaluated: a default coverage-

oriented mode prioritizing assignment completeness, and a high-precision mode applying 

stricter thresholds to minimize false-positive assignments. The “high-precision” preset applies 

stricter thresholds (e.g., similarity ≥ 0.85, ≤ 10 opposing homozygotes, and Mendelian-error ≤ 

0.002), thereby prioritizing certainty over completeness by excluding ambiguous parent–

offspring matches. Sequoia was run using its parentage module, with genotype error rates 

specified for each scenario. Sequoia implements a likelihood-based framework that 

incorporates allele frequencies and probabilistic genotype error modeling (Huisman, 2017). 
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Performance metrics. Performance was assessed by comparing inferred pedigrees to the 

known simulated truth. Metrics included trio accuracy, defined as the proportion of offspring 

with both parents correctly assigned; assignment rate, defined as the proportion of offspring 

receiving a complete sire–dam assignment; and elapsed wall-clock runtime. 

 

Results  
Under ideal conditions with complete parental genotyping, no genotype error, and 1,000 SNPs, 

all evaluated methods achieved perfect pedigree reconstruction, with mean trio accuracy equal 

to 1.00 across simulation replicates (Table 1). These results provide a baseline for comparison 

under more realistic conditions. Differences among methods under baseline conditions were 

primarily observed in computational performance, with geno2ped completing analyses 

approximately two to three times faster than Sequoia.  

 

Table 1. Baseline pedigree reconstruction performance under ideal conditions (1,000 SNPs, no 

genotype error, complete parental genotyping). Values are mean ± standard error across 20 

simulation replicates. 

Method 
Sire 

accuracy 

Dam 

accuracy 

Trio 

accuracy 

Assignment 

rate 

Runtime 

(s) 

geno2ped (default) 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.9 ± 0.1 

geno2ped (high-precision) 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 2.0 ± 0.1 

Sequoia 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 4.9 ± 0.2 

 

Increasing genotype error reduced pedigree reconstruction accuracy for all methods (Fig. 1). 

The geno2ped default configuration exhibited a rapid decline in trio accuracy even at low error 

rates (≥0.001), reflecting its permissive, coverage-oriented design. In contrast, the high-

precision configuration maintained near-perfect accuracy up to moderate genotype error levels 

(≤0.005), followed by a gradual decline as error increased. Sequoia demonstrated the greatest 

tolerance to high genotype error, retaining substantial accuracy at an error rate of 0.02, 

consistent with its likelihood-based modeling of genotyping uncertainty (Huisman, 2017). Trio 

accuracy increased with SNP density for both Sequoia and geno2ped high-precision (Fig. 2). 

Near-complete pedigree reconstruction was achieved at 250-500 SNPs, indicating that 

moderate marker densities are sufficient for reliable parentage inference. At low SNP densities 

of 50 to 100 markers, all methods retained moderate accuracy, supporting the feasibility of 

reduced-cost genotyping panels. The default geno2ped configuration showed declining trio 

accuracy with increasing SNP density, reflecting accumulation of opposing homozygotes 

under permissive filtering thresholds. When parental genotypes were missing, assignment 

completeness remained high across methods (Fig. 3). geno2ped default maintained nearly 

complete trio assignment regardless of missingness, whereas the high-precision configuration 

exhibited modest reductions in assignment rate as parental genotypes were removed. This 

behaviour reflects intentional exclusion of ambiguous parent–offspring relationships to 

minimise false assignments. Sequoia maintained consistently high assignment rates with only 

minor declines under severe missingness. Runtime increased approximately linearly with 

increasing population size for all methods, supporting the applicability of geno2ped for larger 

datasets (Fig. 4). geno2ped default and high-precision modes were consistently faster than 

Sequoia for populations up to 500 offspring. At 1,000 offspring, runtimes became comparable, 

with increased variability observed for the high-precision configuration. Overall, geno2ped 

demonstrated competitive computational performance under the evaluated simulation 

scenarios. 
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Figure 1. Robustness of pedigree reconstruction accuracy to increasing genotype error. Trio 

accuracy is shown as mean ± standard error across 20 simulation replicates for geno2ped 

default, geno2ped high-precision, and Sequoia. 

 

 
Figure 2. Effect of SNP density on pedigree reconstruction accuracy. Trio accuracy (mean ± 

standard error) is shown across marker densities ranging from 50 to 1,000 SNPs. 

 

 
Figure 3. Trio assignment rate under missing parental genotypes. Assignment rate is the 

proportion of offspring receiving both sire and dam assignments. X-axis labels indicate the 

proportion of missing sire (S) and dam (D) genotypes (e.g., S0.3_D0.5 denotes 30% missing 

sires and 50% missing dams). 

 

 
Figure 4. Runtime scaling of pedigree reconstruction methods with increasing population size. 

Elapsed wall-clock time is reported as mean ± standard error across simulation replicates. 
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Discussion 

This study demonstrates that geno2ped, a package implemented in R,  provides accurate and 

computationally efficient pedigree reconstruction under a wide range of realistic breeding 

scenarios. Under ideal conditions, all evaluated methods achieved perfect accuracy, confirming 

that deterministic similarity-based approaches can perform comparably to probabilistic 

frameworks. As expected, deterministic approaches are more sensitive to genotype error and 

missing data than probabilistic models that explicitly account for uncertainty. However, the 

high-precision preset substantially improved robustness to genotype error, emphasizing that 

strict Mendelian validation remains effective for controlling false assignments when 

genotyping noise is moderate. Conversely, the default configuration maximized pedigree 

completeness, offering a practical option when assignment coverage is prioritized over strict 

correctness. The strong performance of geno2ped at low SNP densities is particularly relevant 

for aquaculture and cost-sensitive breeding programs, where reduced marker panels are 

common. In addition, the transparent rule-based design facilitates auditing, customization, and 

extension to non-model species. While Sequoia exhibited superior tolerance to extreme 

genotype error, this robustness comes at the cost of increased computational cost and reduced 

interpretability. geno2ped therefore complements existing tools by providing a fast and 

transparent alternative suited for routine pedigree reconstruction workflows. 

 

Conclusions 

The results demonstrate that geno2ped provides accurate and computationally efficient 

pedigree reconstruction across a wide range of realistic breeding scenarios. High-precision 

settings substantially improve robustness to genotype error, while default settings maximize 

pedigree completeness. The method performs well across a broad range of SNP densities. 

Explicit configuration options allow users to balance assignment certainty and completeness 

while maintaining competitive runtime performance relative to probabilistic approaches. 

Together, these results indicate that geno2ped represents a practical and transparent alternative 

for pedigree reconstruction in livestock and aquaculture breeding programs. The package is 

available at: https://github.com/ampofoissabel-quangen/geno2ped. It accepts genotype 

matrices or PLINK-formatted data and produces pedigree files alongside diagnostic 

summaries. 
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