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RESULTS 

ABSTRACT 
 

DNA based tests are commonly used to determine animal pedigrees. 

Ensuring an accurate pedigree is particularly important for purebreds, having 

both economic and animal health implications. Historically, microsatellites 

(short tandem repeats or STRs) have been successfully used for animal 

genetic identification, traceability and paternity, although in recent years, 

single nucleotide polymorphisms (SNPs) have been increasingly used for this 

purpose. Genotyping-by-Sequencing using the Applied Biosystems AgriSeq™ 

target enrichment technology in combination with the Ion S5™ sequencing 

system allows one to simultaneously and accurately interrogate a large 

number of genetic loci (SNPs/Indels) to identify the heritage of an animal, as 

well as screen for known genetic defects. In addition to the ability to screen 

for both animal heritage and disease-related genetic defects, advantages of 

this approach include increased accuracy and improved assay flexibility (i.e. 

the ability to easily add or remove genetic loci being interrogated) which is 

desirable to both animal owners and breeders. 

 

Here we describe the development of AgriSeq™ panels targeting canine and 

feline SNP markers for the purpose of determining parentage and genetic 

health. We tested these panels on samples derived from buccal swabs by 

sequencing them as a multiplexed (barcoded) pool on an Ion S5 540 chip. 

Variant calling was performed using the Torrent Variant Caller (TVC) plugin as 

part of the Ion Torrent Suite™ software package. The mean call rate for this 

dataset indicated that the majority of SNPs were of sufficient quality to make 

a genotype call. 
 

 

INTRODUCTION 
 

Genotyping by sequencing is becoming an increasingly important, cost-

effective, and unique tool for association studies and genomics-assisted 

breeding in a range of plant and animal species.  It can be used to genotype 

loci containing hundreds to thousands of known variants that are important 

for breeding or genetic health while simultaneously enabling the discovery of 

additional trait-related polymorphisms. 

 

Hundreds of samples targeting thousands of markers can be sequenced 

simultaneously using the high-throughput AgriSeq™ workflow in as little as 

two days. 

CONCLUSIONS 
 

 

• AgriSeq™ panel design is an iterative process in which overall panel 

performance (i.e. mean call rates) can be significantly improved through 

panel re-design 

 

• Sequencing using the AgriSeq™ workflow can be obtained in as little as 

two days. 

 

• Mean call rates for AgriSeq™ panels can approach >99% with proper 

content optimization 

 

• Primer panels are also being developed for equine and ovine markers 

 

 

LICENSING 
 
The purchase of this product conveys to the purchaser the limited, non-transferable right for the purchaser to use the product only to 

perform for the sole benefit of the purchaser internal agricultural research conducted with plants, agricultural animals or companion 

animals only.  No right to resell this product or any of its components is conveyed expressly, by implication, or by estoppel.     This 

product is not for use with human samples and/or in commercial applications of any kind, including, without limitation, quality control and 

commercial services such as reporting the results of purchaser’s activities for a fee or any other form of consideration.   For information 

on obtaining additional rights, please contact outlicensing@lifetech.com or Out Licensing, Life Technologies, 5791 Van Allen Way, 

Carlsbad, California 92008. 

Table 2.  Sequencing Summary 

 Canine Feline 

Number of samples 192 96 

Number of markers 157 62 

Mean read length 154 bp 159 bp 

Total reads (high quality) >75 M >74 M 

Percentage of reads mapped 98.5% 98.6% 

Figure 2.  Feline Call Rates By Sample 

Average call rate for these samples was 99.8%. The call rate was calculated for each 

sample as the number of markers for which a genotype call was made (homozygous 

reference/homozygous variant/heterozygous), divided by the total number of markers in 

the panel (62). 

Figure 1. Feline Marker Coverage 

The mean coverage for the feline AgriSeq™ panel is shown above.  For this small panel, 

>12,000x mean coverage is achieved on an S5 540 chip. Since  only ~100x mean 

coverage is typically needed to make accurate genotype calls, one could employ a smaller 

chip (e.g. Ion 520 or 530 chips) or increase sample multiplexing to 384 or 768 samples per 

chip. 

Figure 4.  Canine Call Rates By Marker 

Average marker call rate was 89.1%. 133 of the 157 markers had call rates >95%.  

Markers that have lower call rates can be removed or redesigned  during the AgriSeq™ 

panel development process. 
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Figure 3. Canine Marker Coverage 

Mean coverage for 2 versions of a canine panel for genetic diseases are shown above  

(v1 = blue; v2 = Red ) The initial design (v1) included two mitochondrial targets that 

sequestered more than 50% of the total reads.  With these markers included, the mean 

coverage was <1000, which caused the coverage for some other markers to drop below 

our quality thresholds.  When the mitochondrial markers were removed from the panel 

design (red), the average mean coverage increased to ~4100.  This illustrates how panel 

uniformity can be influenced by either over or under represented amplicons. 

Figure 5.  Canine Call Rates By Sample 

Average call rate for canine version 2 panel was 89.1% (157 markers). This panel 

contained 6 markers that had no calls.  By eliminating those markers from the panel and 

reducing its size to 151 markers, the call rate increased to 93.9%.  Elimination or redesign 

of underperforming markers is an essential step in panel development.  Further redesign 

of any remaining underperforming markers would result in an improved panel with an 

increased call rate above 98%. 

MATERIALS AND METHODS 
 

Canine (157 markers) and feline (62 markers) AgriSeq™ panels were 

designed using an automated process that optimizes a number of 

oligonucleotide properties (GC content, melting temperature, etc.) and 

amplicon properties (size, centering a SNP within its amplicon, etc.). 

Furthermore, primers were designed and curated to avoid overlapping nearby 

SNPs and were subjected to in-silico quality assessments. 

 

Canine and feline DNA samples were obtained from Dr. van Haeringen 

Laboratorium B.V., Netherlands, quantified using the Quant-iT™ dsDNA 

Assay Kit, and normalized using the Gilson Pipetmax 268 automation 

platform. Library prep was performed using 4 or 5 ng of DNA per sample for 

the feline or canine samples, respectively, and pooled onto separate Ion 540 

chips.  Template prep and sequencing was performed on the Ion Chef™ and 

Ion S5 XL sequencer (Figure 2). 

 

Variant calling was performed using the Ion Torrent Variant Caller (TVC) 

plugin as part of the Ion Torrent Suite™ software package. Additional analysis 

was performed using JMP (SAS Institute). 

The mean call rate, which is the percentage of targeted loci that return an 

accurate genotype call in a multiplexed sample pool, is the primary measure 

of panel performance and is typically above 90%.  Mean call rates are directly 

correlated to the quality of the reference genome being targeted as amplicon 

failures (i.e. dropouts) often result from unknown polymorphisms within the 

amplicon primer binding sites. Moreover, highest call rates are achieved 

when both marker number and sample number are considered during design.  

The AgriSeq™ design process is optimized to obtain the highest call rates.  

Here, we used this process to develop and refine panels that are intended for 

the detection of genetic health markers in feline and canine samples. 

Call Rate 

Table 1. Highlighted Markers Included In Panels 

Canine Panel Feline Panel 

Coat color variant screening Coat color variant screening 

Coat furnishing variants Coat furnishing variants 

Bobtail Gangliosidosis GM1 / GM2 

GR_PRA 1 and 2 Haemophilia 

Neuronal ceroid lipofuscinosis, 1, 2, 4A, 5, 8 & 10 HMC1, 2 and 3 

Severe combined immunodeficiency disease Hypokalaemic periodic paralysis 

Primary Open Angle Glaucoma Mucopolysaccharidosis 

Heridtary Cataract Polycystic kidney disease 

Osteogenesis Imperfecta Pyruvate kinase deficiency 

Ichthyosis rdAc-PRA 
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