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Introduction

Genotyping is a common practice for USA Angus breeders. Members of the American Angus
Association have genotyped more than 1.9M animals at this stage. These genotypes have enabled
accurate genomic evaluations since 2009, and fuelled research that ultimately allow the breeders to
make more informed and more accurate breeding decisions (Retallick et al. 2022).

Another benefit of routine genotyping is that pedigree verification can be done and used to correct
pedigree errors before animals enter the genetic evaluations. The Association has been using the
International Society for Animal Genetics panel (ISAG200; ISAG, 2017) in two main ways. The first
is verification, in which breeders submit pedigree information, and it gets verified (or not) with the
ISAG markers, and second is discovery, if there is a verification mismatch or the parents are
unknown, a discovery search across the genotyped database is conducted to find the parents.
Parentage verification and discovery can be done by counting the number of opposing homozygotes
(NOH) for each parent-progeny-match (Hayes 2011). While verifying parentage of a known trio is
easy, searching for parents in a large database can be more challenging and may require a more robust
set of SNP. Strucken et al. (2015), recommended at least 200 SNP, and advised that if minor allele
frequencies (MAF) were lower than 0.15 the number of SNP should increase.

While increasing the number of SNP yields better results, the process becomes more time consuming
over a large population. Another important aspect is the exclusion threshold which determines how
many opposing homozygotes can be accepted to account for genotyping errors. Strucken et al.
(2015), suggested a 1% threshold but cautioned that a too restrictive cut-off could reduce the power
of the testing and a dynamic threshold based on population structure could be a better solution.

This study aimed to identify an optimal set of SNP for parentage verification and discovery for the
American Angus Association population. This optimal set needs to balance computing time and the
rate of false discoveries, as well as identify the optimum exclusion threshold.

Materials & Methods

Genotypes and pedigrees were provided by the American Angus Association and Angus Genetics
Inc. A total of 1.9M animals genotyped for 54,609 SNP were available for the study.

Genotyped trios (sire, dam, and progeny) were chosen as target. Two subsets were chosen as target
animals. First, a small set of 7,775 animals to test eight SNP sets of various sizes. Second, a large set
with 74,540 animals to evaluate different exclusion thresholds and stress-test the chosen set of
markers and exclusion threshold. For the large set of animals, only the 2K SNP set was used.
Parents for the small and large set of animals was done by searching all other genotyped animals in
the data excluding self matches.

Of the eight SNP sets, two were the ISAG200 and ISAG554. The remaining sets with 200, 554, 1K,
2K, 4K, and 13K were selected by filtering SNP with call rate >0.99 and minor allele frequency
(MAF) >0.35 (N=13,106), then randomly sampling the desired number of SNP. Once the optimum
panel size was determined, five exclusion thresholds (1,2,3,5, and 10% opposing homozygous
genotypes) were tested using the large target set.

Parentage status was determined based on the NOH following Hayes (2011). In this approach, only
homozygous SNP for progeny and candidate parent are tested and the NOH is counted and expressed
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as a percentage of the total number of SNP tested. The search was conducted for each target animal,
across the whole genotyped population, with the percentage of opposing homozygotes as the
exclusion threshold.

Assuming accurate pedigree records and no DNA sampling or identification errors, genotypes should
reveal one sire and one dam per animal. Identifying more than two parents suggests false positives,
while identifying only one or none indicates false negatives. To choose the optimal SNP set size and
exclusion threshold, the percentage of target animals with two parents found, and the number of
parents found per animal were evaluated.

Results & Discussion

Table 1 presents the number of markers for each SNP panel as well as statistics to describe how many
pairs of homozygote SNP were checked across all parent-progeny pairs. Despite all panels having at
least 199 SNP, the average number of SNP checked overall animals was small for the smaller marker
panels, with minimum values not large enough to call parentage for those specific pairings. This
highlights the importance of using a sufficiently large SNP panel to ensure a reliable minimum
reliable number of homozygotes across all animals tested.

Table 1. SNP sets tested, and mean, minimum, and maximum number of homozygote SNP matched
across 7,775 animals.

Scenario N SNP Mean Min Max
ISAG200 199 71 20 124
200 200 54 4 108
ISAGS554 553 207 80 311
554 554 153 98 254
1K 1,000 276 186 475
2K 2,000 552 408 943
4K 4,000 1,103 799 1,875
13K 13,106 3,615 2,622 6,147

The results in Table 1, have a good correspondence to the performance of each SNP set in calling
parents correctly. Fig. 1 shows the percentage of target animals (N=7,775) with both parents correctly
identified. When using 1K SNP or more, the performance was similar, with >98% of animals having
parents correctly assigned. However, as the number of markers decreased, performance dropped and
more animals had either no parents assigned, but more often had more than 2 potential parents
identified, indicating a higher level of false positive results. The ISAG sets performed poorly in
comparison with the custom-made set, although having 554 instead of 200 SNP improved results
significantly.
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Figure 1. Percentage of animals with both parents correctly identified

Both parents identified (%)
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Comparing panels of the same size as the ISAG, those in which SNPs were sampled according to our
quality control metrics within the Angus population performed much better. This can be explained
by the MAF distribution in Fig. 2 showing the MAF distribution for our sampled SNP (Top)
compared to the ISAG markers (Bottom). In the ISAG graph we can see several SNP with very low
MAF.
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Figure 2. Minor allele frequency distribution for the custom and ISAG554 SNP.

Strucken et al. (2015), recommended designing panels with MAF above 0.2 while noted that the size
of the panel may be more important that the frequency distribution. The ISAG554 set outperformed
ISAG200. However, our 200 SNP panel, which has a better MAF distribution, performed
substantially better than another panel of the same size that included many SNPs with low MAF.

In the large target population (N= 74,540) exclusion thresholds of 2 and 3% yielded similar results
with >0.94% of animals with two parents correctly assigned (Fig. 3).
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Figure 3. Proportion of target animals with both parents identified.
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Allowing 1% or 5% opposing homozygous genotypes slightly under-performed and at 10% the
number of animals with two parents correctly assigned dropped to 77.8%. A suboptimum threshold
causes mainly two issues: 1- Missing a parent when it was the true one; 2- Too many false positive
results which does not allow for easy resolution of the true parentage status.

Thresholds of 1% or 5% opposing homozygous genotypes performed slightly worse (96.9 and 97.4%
of animals with two parents correctly assigned), and at a 10% threshold the proportion of animals
with two parents correctly assigned dropped to 77.8%. A suboptimal threshold can cause two main
issues: (1) missing a true parent, and (2) generating too many false positives, which complicates the
resolution of the true parentage status.

Fig. 4 summarizes the proportion of target animals with no parents, up to five parents, or more than
five parents identified. Of the 74,540 target animals, 73,404 (98.5%) had two parents correctly
assigned, and only three animals had more than five candidate parents. In contrast, 639 animals
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(0.86%) had none or only one parent identified, which may indicate a sampling or pedigree
identification issue where the suggested genotyped parent was not the true parent. Additionally, 491
animals (0.66%) had more than two parents identified.

These should be ranked by the NOH to help selecting the most likely parent. In addition, a mating
evaluation can be conducted with the candidate parents to resolve the parentage. Only three animals
had more than five candidate parents, and upon further investigation, we found that they were calves
out of cloned dams, which can easily be resolved by a filter using metadata.

Although breeders are dedicated pedigree keepers, results like this can help identify
misidentifications and pedigree errors. Once those are identified, a more detailed investigation is
needed, with the help of the breeders for parentage resolution.
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Figure 4. Number of target animals with 0-5 or greater than 5 parents identified.

Conclusions

Sampling SNP within population with high call rates and high MAF gave the best results for
parentage discovery. A panel with 1K SNP provided optimum results while larger panels did not
show improvements and would add computing time to the parent search. At the American Angus
Association, prior information from breeders is available and is used to resolve parentage issues,
therefore a threshold that reports additional candidate parents is better than one that is too restrictive,
provided that the number and frequency of false positives is small. Our results show that a 3% is the
optimum exclusion threshold for this population.
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