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ABSTRACT
Eureka™ Genotyping Solution is an affordable, low- to mid-plex, high-throughput 
genotyping assay that uses common next-generation sequencing (NGS) platforms 
for signal readout. It enables the detection of tens to thousands of genetic 
markers, which are increasingly in demand for routine crop and animal 
agrigenomics testing.

The Eureka™ Genotyping Solution NGS read counts are appropriately scaled, 
normalized, and transformed to process genotyping in a cluster-based framework. 
The BRLMM-P two-dimensional clustering algorithm, which was originally 
developed for genotyping single-nucleotide polymorphisms (SNPs) and 
insertion/deletions (indels) on mid- to high-plex microarrays, has been extended 
for application on NGS reads. The algorithm has successfully been implemented 
across panels designed to study many organisms, and it incorporates methods for 
accurately genotyping samples originating from normal and inbred populations.

The Bayesian step in BRLMM-P gives it the flexibility to automatically adapt to 
cluster patterns exhibited by diploid and various levels of allopolyploidy. It adapts 
pre-positioned genotype cluster locations called “priors” to the sample data and 
computes three posterior cluster locations. Genotype cluster locations are defined 
by two-dimensional means and variances for AA, AB, and BB genotype cluster 
distributions. Priors can be generic, meaning the same pre-positioned location is 
provided for every SNP, or SNP-specific, meaning different pre-positioned 
locations are provided on a SNP-by-SNP basis.

Eureka NGS read counts ratios, similar to microarray intensities, have shown to 
exhibit consistency across batches, resulting in repeatable spatial properties of 
genotype clusters. This allows SNP-specific priors, developed under controlled 
environments, to generalize. The process of prior development and genotype 
performance improvement is discussed.

Results

Prior development

Eureka Genotyping Solution utilizes NGS to enable genotyping of thousands of 
DNA samples for tens to thousands of loci. The Eureka™ genotyping assay is a 
ligation-dependent PCR reaction, which uses interrogation site bar codes 
contained within the ligation probes, as well as sample index bar codes added 
during the amplification step. NGS libraries can be created for thousands of DNA 
samples within 24 hours. Short-cycle sequence data is generated from the 
prepared libraries, and software is used to tabulate the number of reads that 
contain each combination of sample, locus, and allele bar code (as appropriate). 
The genotype of each sample for each locus is inferred from statistical analysis of 
the tabulated reads.

BRLMM-P is a clustering algorithm that adapts pre-positioned genotype cluster 
locations called “priors” to the sample data in a Bayesian step and computes three 
posterior cluster locations. Genotype cluster locations are defined by two-
dimensional means and variances for AA, AB, and BB genotype cluster 
distributions. Priors can be generic, meaning the same pre-positioned location is 
provided for every SNP, or SNP-specific, meaning the different pre-positioned 
locations are provided on a SNP-by-SNP basis. Genotypes that do not satisfy a 
tunable confidence threshold are not called. Adjusted parameters allow for the 
successful calling of inbred populations. Data normalization and transformation is 
tuned for improved performance.

Genotyping algorithm

Eureka genotyping assay
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Figure 1. Example of a SNP cluster plot. Each point in the plot represents a sample 
after read count transformation. The algorithm adapts to three variable cluster locations 
using a Bayesian procedure. It combines a prior location (dashed oval) with observed 
data (samples) to obtain a posterior estimate (cyan oval). This posterior estimate is 
used to call genotypes. K is the stretch constant, with a default value of 2.
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Genotype prior information contains two-dimensional means and variances for 
AA, AB, and BB genotype cluster distributions. Priors can be generic or SNP-
specific. Generic priors provide the same expected cluster position for every 
SNP. A set of generic priors was determined empirically from a large training set 
of data early in the algorithm development process. This set of generic priors is 
used as a starting point for all new genotyping panels.

SNP-specific priors provide expected cluster positions that are distinct for each 
SNP. These specific priors can be developed empirically from processing a 
training set of samples or available reference genotypes.

Figure 2. SNP cluster plots with different priors. The top row is training data 
genotyped with generic priors. Notice the difference between the prior and posterior 
ovals. The middle row is training data genotyped with SNP-specific priors. Notice the 
similarity between the prior and posterior ovals. The bottom row is test data 
genotyped with SNP-specific priors. Notice the similarity in cluster pattern between 
training and test data.

Figure 3. Performance improvement with SNP-specific priors. The top row is 
SNP cluster plots of training data genotyped with SNP-specific priors. The middle row 
is test data genotyped with generic priors. And, the bottom row is test data 
genotyped with SNP-specific priors. Notice the improvement in cluster performance 
when using SNP-specific priors. This improvement is confirmed when compared to 
reference information.

Conclusion

By implementing a Bayesian approach to clustering sequence read counts, we 
have developed a method to genotype Eureka NGS output resulting in high 
accuracy and consistency. The algorithm has the flexibility to adapt to cluster 
patterns that may be shifted or compressed due to genomic variability in the 
target animal or plant species. And, the ability to easily develop and implement 
SNP-specific priors reduces genotype variation that may occur across batches. 

In the following figures, samples have been split into training and test data 
sets, and SNP-specific priors have been developed from the training data sets. 
Each figure contains six random SNPs from animal or plant panels genotyped 
with either generic or SNP-specific priors across either of the data sets, and 
each column is a specific SNP.
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