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Introduction

Targeted genotyping remains a foundational technology for modern livestock genetics,
enabling breeders to make data-driven decisions that accelerate genetic gain, improve
parentage verification, and enhance the accuracy of trait selection. As breeding programs
increasingly operate at larger scale, genotyping solutions need to adapt to provide low
complexity workflows that can scale easily, accommodate custom marker panels, and
produce reliable and repeatable data sets. Targeted genotyping assays, particularly
multiplexed PCR, combined with next-generation sequencing (NGS), offer breeders the
flexibility to genotype hundreds to thousands of markers per sample with high specificity at
scale. However, multiplexed PCR reactions can suffer from elevated sample to sample
variation, inconsistent locus recovery, and wide variability in sequencing reads per locus.
Here, we present a chemistry that helps address the traditional shortcomings of PCR-based
genotyping assays.

Amp-Seq One is a single reaction multiplex PCR based targeted genotyping by sequencing
(GBS) chemistry. Developed upon the foundation of LGC’s 2-stage Amp-Seq technology,
Amp-Seq One consolidates amplification and library construction into a single reaction.
Reactions are assembled by combining targeting oligos, master mix, and sample DNA in a
single use 384-well plate containing dried down indexing oligos. Following thermocycling,
samples are pooled by volume, bead cleaned, and sequenced. The resulting libraries are
directly Illumina sequencer compatible, but libraries can also be converted to run on MGI or
Element Aviti sequencing platforms. The chemistry has been tested on panels ranging in size
from 50 to 5,200 loci.

Here we present data from three panels representing common densities used in different
levels of a breeding program. For livestock applications, the industry standard marker sets
from ISAG (199 markers) and ICAR (554 markers) were chosen. Both panels are widely
used for parentage verification and genomic analyses in cattle. To illustrate the performance
at higher density, a 5,200 marker panel was designed in Zea Maize, targeting industry proven
loci. These three densities span a range commonly used for applications ranging from trait
QC, to parentage, and genomic selection.

Materials & Methods

Panel design. Targeting primers were designed using an in-house design pipeline developed
specifically for Amp-Seq. Using both single nucleotide polymorphisms (SNP) and short
indels as input, the pipeline selects suitable primers placing a premium on primer uniqueness
within the genome, while optimizing for GC content, melting temperature, and avoiding
primer-primer interactions. Known polymorphisms within a population can be included
during the design process to generate primers that either avoid known variants or incorporate
those into the primers. All designs were performed so the target SNP, or indel, are contained
within the first read of the sequencing reaction. This allows for the use of single end
sequencing which can reduce sequencing costs, computational load during analysis, and data
storage requirements.
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Reaction setup and sequencing. For bovine, DNA was extracted from 384 ear punches
contained in tissue sampling units (TSUs). The bovine DNA were comprised of samples
from Angus and Herford breeds. Maize DNA was obtained from 192 ground seeds that
included B73 and a diversity set of germplasm. Extractions were performed using either
LGC’s sbeadex or sbeadex Lightening bead-based extraction chemistry, following the
standard protocol for the tissue type. Extracted DNA was normalized to allow for 5 ng per
reaction for bovine and 20 ng per reaction for maize. Amp-Seq reactions were performed
utilizing 2 ul of sample DNA, combined with 3 ul of master mix in the supplied 384 well
reaction plate containing the dried down indexes. Plates were thermal sealed and cycled on
peltier based thermocyclers using the standard Amp-Seq one conditions. Reactions were
pooled by panel using centrifugation, bead cleaned, quantified, and sequenced on either an
[llumina NextSeq 550 or a NovaSeq X, targeting an average of 200 reads per locus per
sample.

Analysis. Demultiplexed fastqs were analyzed using LGC’s BioSearch Caller pipeline which
performs read filtering, alignment, and SNP calling. Samples were evaluated for the
following standard metrics: percent mapped reads (reads mapping to the reference genome),
percent of reads on target (read mapping to the intended target loci), genotype call rate
(percent of markers successfully genotyped), and uniformity (measured as the number of loci
with read depths greater than or equal to 0.2x mean read depth — a commonly used metric for
assessing the variance of reads per marker).

Results & Discussion

Bovine ISAG and ICAR. Each panel met all LGC-specifications for the four core metrics
collected (Table 1). The sample success rate was also high for each panel. Of the 384
samples genotyped using both the ISAG and ICAR panels, no samples failed in the reaction.
Six samples had call rates under 95% which translates to greater than 98% of samples
recovering greater than 95% of targeted loci. A more in-depth analysis of the ICAR panel
shows that genotype call rate remains high at depths as lows as ~35 reads per locus (Fig 1).
Uniformity, a common measure of how evenly the quantity of data per locus are distributed,
also remains well controlled across the panel (Table 1 and Fig 2). Favorable uniformity
allows for maintaining high call rates at lower depth and can enable a reduction in
sequencing reads below the 200x utilized for this study.
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Figure 1. Marker call rate relative to mean read depth ICAR-554 panel, n=384 samples.



Table 1. Amp-Seq One panel performance metrics. All values reported are means. For Maize 5200
the first values are based on B73 samples, in parentheses are values from a genetic diversity sample set.

Panel Reads Reads on Genotype Call Marker
Mapped (%) Target (%) Rate (%) Uniformity (%)
ISAG 199 99.0 97.6 99.5 95.6
ICAR 554 99.1 98.4 98.2 94.9
Maize 5200 89.9 (92.4) 89.8 (92.3) 98.7 (81.2) 94.2 (76.5)
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Figure 2. Mean marker read depth, an additional measure of locus uniformity across the
panel. n=384 samples.

Genotype concordance, a measure of the accuracy and repeatability of the reactions, was
evaluated by sequencing the same set of samples and comparing the genotype calls from the
Amp-Seq ISAG panel against the same 199 loci which are contained within the ICAR panel.
Across the 384 samples genotyped with both panels, concordance was high at 98.8%.
Consistency of the locus recovery sample-to-sample is also high, a typical correlation
between read depth per locus between any two samples is greater than 0.8 (Fig 3). These
data demonstrate the accuracy and repeatability of the chemistry across independent runs.
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Figure 3. Read depth per locus between two independent Amp-Seq reaction of the same
sample run on the same ICAR panel. R?=0.9.

Maize

The larger 5200 locus maize panel, designed using the B73 reference genome, performed
well for all core performance metrics, especially when run using genetically similar samples
(Tablel). While this panel represents the largest panel tested thus far using Amp-Seq One,
the reactions remain stable, and consistently allow for the recovery of greater than 98% of
markers while maintaining good uniformity. Slightly lower mapping and on target rates
indicate a small degree of primer dimer carry through into sequencing, and some off target
amplification. The lower observed performance on the 192 sample diversity set relative to
B73 indicates that incorporating known diversity into panels during design can be a very
important factor when making panels that are intended to be used across very diverse lines or
breeds.

Conclusions

Amp-Seq One demonstrates a robust, scalable, and high-performance solution for targeted
genotyping across a range of panel sizes and different species. By integrating target
amplification and library construction into a single reaction it simplifies the workflow
allowing for a meaningful reduction in reaction setup and handling time while maintaining
strong performance for mapping efficiency, on-target reads, call rate, and locus uniformity.
The reaction performance coupled with the ability to rapidly design custom panels makes
Amp-Seq One a highly viable solution for large scale genotyping, allowing breeders to
expand genotyping to more samples.



