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Rapid companion animal genotyping with
the SwiftArrayStudio Microarray Analyzer

In this application note, we show:

A workflow for obtaining
companion animal DNA from
buccal swabs

A simplified workflow for collecting
genotypes at 630,000 loci of dog
and cat genomes

High-quality genotype information
can be obtained from companion
animals in less than 30 hours

Introduction

There are an estimated 600 million cats and more than 700 million dogs that are kept
as pets worldwide. They are as much a part of our lives as our spouses, our children,
and our extended family. We therefore want to understand as much about their health
as possible. Advances in genotyping help identify deleterious gene variants that can be
important for understanding breeds and for veterinary care.

Genotyping cats and dogs offers significant benefits for both individual animal health and
broader population management. For individual owners, genotyping can clarify breed
ancestry, informing behavior expectations, nutritional needs, and exercise recommenda-
tions [1]. Genetic testing can identify inherited disease risks (e.g., cardiomyopathies, eye
diseases, bleeding disorders [1-2]), enabling earlier screening, targeted monitoring, and
researching preventive care plans. Genotyping can guide dose selection or drug choice
where pharmacogenomic variants are known to affect response to a treatment [3]. For
breeders and shelters, genotyping helps reduce the propagation of harmful alleles by in-
forming mating decisions, supporting healthier breeding programs, and giving adopters
transparent information about an animal’s likely size, temperament, or health trajectory
[4-5]. On a population scale, aggregating genomic and phenotype data across millions
of pets supports more accurate prevalence estimates for genetic conditions, improves
the power of genome-wide association studies, and accelerates the development of new
diagnostics and therapeutics in veterinary research [4]. Finally, for public health author-
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Figure 1. Introducing the SwiftArrayStudio
Microarray Analysis solution. The
SwiftArray target preparation steps can be
completed in about eight hours in a single
working day. On-instrument, autonomous

SwiftArray Workflow
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array processing can generate data within

21 hours of loading. Overall, a full set of
genotypes and copy number calls from an
Axiom plate can be generated in about 30
hours. Different colors represent workflow
steps on different days; the finger represents
a touch point on the instrument, where
plates and/or reagents are loaded onto the
instrument.

ities, better genetic and demographic data on the companion animal population support more effective vaccination, parasite-control,

zoonotic disease surveillance strategies [6-7], and therapeutics in veterinary research [4]. Finally, for public health authorities, better

genetic and demographic data on the companion animal population support more effective vaccination, parasite-control, and zoonotic

disease surveillance strategies [6-7].

Thermo Fisher Scientific continues to be an innovator of genetic analysis tools. To meet the growing demands for speed in microarray

analyses, we recently developed the Applied Biosystems™ SwiftArrayStudio™ Microarray Analyzer and SwiftArray™ Assay. This solu-

tion consists of a DNA target preparation workflow that can be completed in a single workday, and a new instrument that automates

hybridization, washing, and scanning without any in-process touch points. The SwiftArrayStudio Microarray Analyzer can provide data

on an Applied Biosystems™ Axiom™ array plate after an overnight hybridization and scan (Figure 1). This assay and improved work-

flow reduce the sample-to-answer time from 5 days to 2 days, allowing researchers to gather and interpret genetic data to keep pace

with their needs.

Design of experiment

In this application note, we show how the SwiftArrayStudio
solution can be used for companion animal genotyping. Brief-

ly, to reflect real-world sample collection conditions, we asked
colleagues to obtain buccal samples from their pet cats and
dogs using Thermo Scientific™ GenoTube™ Livestock Swabs.
Genomic DNA was purified from the swabs using a modified pro-
tocol for the Invitrogen™ RecoverAll™ Total Nucleic Acid Isolation
kit for FFPE. Up to 100 ng of DNA was processed using the
manual SwiftArray Assay workflow in triplicate. Genotypes were
obtained using Applied Biosystems™ Axiom™ Feline HD and
Axiom™ Canine HD microarray plates. These arrays were de-
signed with extensive consultation with subject matter experts
and contain over 630,000 SNP markers that facilitate identifica-
tion of variants, including those associated with traits like coat
color, morphology, and disease risk. For more information, see
see our companion animal web page. The prepared samples

and plates were loaded onto the SwiftArrayStudio Microarray
Analyzer for automated data collection. The data were initially
analyzed using Axiom Analysis Suite, and meaningful trait infor-
mation was obtained from collaborators.
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Figure 2. Quality control metrics of analyses using Canine
Genotyping array. Each sample was analyzed in triplicate on three
separate arrays, and the average of the three plates is shown here. (A)
Input amount of genomic DNA analyzed (ng). (B) Average amount of
DNA recovered from the SwiftArray Assay target preparation workflow.
(C) dQC (dish QC, measures signal-to-noise in non polymorphic regions
of the genome) of each sample in the three replicates. (D) Average total
call rate for each sample in the three replicates.


https://www.thermofisher.com/us/en/home/life-science/microarray-analysis/agrigenomics-solutions-microarrays-gbs/companion-animal/resources.html

Recovery of genomic DNA

We collected a variety of representative samples from colleagues
and shelters, resulting in 82 dog and 98 cat samples. Buccal
swabs were collected from pets and stored at room temperature
until used. DNA was recovered manually (i.e., with no auto-
mation) using the Ambion™ Recoverall™ FFPE DNA with the
following adjustments: 400 pl lysis buffer/sample was used, the
swalbs were incubated with lysis solution at 65°C for 1 hour, and
200 pl of the resulting lysate was used according to the protocol
supplied with the Recoverall kit. Final DNA concentrations were
measured with the Invitrogen™ Qubit™ fluorimeter. Recovered
amounts ranged from 81 ng to 9.6 ug for cats, and 57.6 ng to 5
ug for dogs.

Target preparation for SwiftArray Assay and loading of
SwiftArrayStudio Microarray Analyzer

The SwiftArray assay recommends 100 ng of genomic DNA as an
input amount, so samples were diluted to the necessary concen-
tration (5 ng/ul in 20 pl). In cases where not enough DNA was
recovered, we used the maximum input volume (20 pl). The DNA
quantities input into the SwiftArray Assay are shown in Figures 2
and 3. Note that some of the dog samples (wells C11-H12) were
replicates of other samples on the same plate but using less input
DNA.

Each sample was analyzed in triplicate on different days using
manual SwiftArray workflow as described in the SwiftArray
Assay user guide. As described in the user guide, it is recom-

mended that the amount of DNA produced and recovered be
quantified before proceeding with the hybridization. The average
amount of DNA recovered from the dog and cat SwiftArray assay
triplicates is shown. Plates are recommended to have a median
recovery of around 1000 pg/well; the dog plates had average
three-plate median of 1067 pg and the cat plates had average
three-plate median of 1066 pg. Furthermore, analysis of frag-
ment sizes by agarose gel electrophoresis showed the samples
had correct size range of DNA fragments (data not shown).

Having established that the samples met quality standards, they
were prepared and loaded on the SwiftArrayStudio Microarray
Analyzer for automated hybridization (16 hour hybridization time),
washing and scanning. The total time on the instrument was
about 21 hours.
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Figure 3. Quality control metrics of analyses using the Feline
Genotyping array. Each sample was analyzed in triplicate on three
separate arrays, and the average of the three plates is shown here. (A)
Input amount of genomic DNA analyzed (ng). (B) Average amount of
DNA recovered from the SwiftArray Assay target preparation workflow.
(C) Average dQC (dish QC, measures signal-to-noise in non polymorphic
regions of the genome) of each sample in the three replicates. (D)
Average total call rate for each sample in the three replicates.

Scanning quality metrics

Following hybridization, washing and scanning on the SwiftAr-
rayStudio Microarray Analyzer, we analyzed the QC metrics
generated by the Applied Biosysystems™ Axiom™ Analysis Suite
and default best practices parameters (see the Axiom Analysis
Suite User Guide). One of these, DishQC (DQC), measures

the amount of overlap between two homozygous peaks creat-

ed by non polymorphic probes, with a value of 1.0 considered
optimal. Among the canine samples, six failed the default DQC
metric (0.82), corresponding to an approximate 93.8% pass rate.
For the cat samples, four failed to meet the default DCQ metric
(passing rate 95.8%).

Another quality measurement generated by Axiom Analysis
Suite is the average passing QC call rate (average percentage of
autosomal SNPs with a call other than NoCall, as measured at
the sample QC step of passing samples within a plate). Among
the dog samples that passed DQC, six more failed the default
call rate threshold (97%); similarly, one additional cat sample
failed to meet the threshold. However, in the other samples the
data quality was high, giving median total call rates of 99.18% for
passing dog samples and 99.67% for passing cat samples. No-
tably, these passing samples included several with substantially
less than the recommended 100 ng DNA input.
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Table 1. Performance of SwiftArray solution for canine and feline
microarrays. Values shown are the average of three triplicate plates
analyzing buccal swabs of pet DNA. Abbreviations: DQC: Dish QC; CR:
call rate. For more details, see the Axiom Analyis Suite User Guide.

Metric Cat Samples Dog Samples
Total number of markers 662,069 712,332
Samples with DQC = 0.82 95.8% 93.8%
DQC median 0.9963 0.9977
Median passing QC CR 99.7% 98.2%
Average number of samples with 95.8% 87.5%
passing QC CR
Percent of markers with high 97.2% 93.8%
performance in dataset
Average sample reproducibility 99.99% 99.93%
Gender calls (all three replicates)
Female 136 110
Male 118 120
Axiom Analysis Suite displayed values
PolyHighResolution 89.29% 69.83%
NoMinorHom 5.59% 12.79%
MonoHighResolution 2.30% 11.15%

Table 2. Top 20 dog breeds represented in a collection of pets.
Note that most of these are due to mixtures of characteristic loci
detected that were in the dogs, not necessarily pure breeds.

Breed Number

Toy Poodle 12
Golden Retriever 11
Vizsla 9

American Cocker Spaniel
East European Shepherd
American Staffordshire Terrier
Chihuahua
German Shepherd
Laborador Retriever
Poodle
English Shepherd
Siberian Husky
Staffordshire Bull Terrier
Akbash
Central Asian Shepherd Dog
[talian Greyhound
Australian Cattle Dog
Blue Gascony Griffon

Bull Terrier
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English Cocker Spaniel

Assessment of genotypic clustering quality showed that 91.5%
of canine markers were classified as polymorphic high resolution,
no minor homozygotes, or monoallelic high resolution (Table 1),
while 95.4% of feline markers fell into these clustering catego-
ries. For both sets of data, the remainder fell into less informative
classes of genotyping clusters (CallRateBelowThreshold, Off Tar-
getVariant, OtherMA or Other). Thus, despite the variable quality
of these samples, the SwiftArray assay workflow can generate
high-quality genotyping data.

Converting genotypes to traits

The goal of obtaining genotyping data is to gain information on
traits, breeds, pathologies, etc. To convert the genotype data
to possible phenotypes, we relied on collaborators. For dogs,
we sent the data to a collaborator who had developed a custom
breed identification pipeline, matching genotypes at specific loci
to over 200 dog breeds. Using the data collected from col-
leagues’ dogs, we tallied the most common breed loci identi-
fied in these samples (Table 2). Note these do not represent
the number of pure-breed dogs; rather, the list indicates which
breeds are likely to have contributed to the makeup of the mixed-
breed pets owned by our colleagues.

Similarly, an external collaborator provided a more detailed
conversion of selected genotypes to selected cat traits (Table 3).
Included in this data set were alleles for known genetic pathol-
ogies (not shown); fortunately, none of the cats were positive for
these alleles. Note that for both the canine and feline arrays,
more than 630,000 markers were analyzed; the results shown
here are a small fraction of the total collected. For more informa-
tion on the loci contained on the feline and canine microarrays,
see our companion animal web page.
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Table 3. Tally of selected cat traits in a collection of 92 cats. Some
traits and genes are listed twice; this due to the two different alleles of
the same gene being examined. Note that this is a subset of the more
that 640,000 genotypes analyzed on the array.

Trait Gene # Ref # Ref # Alt
homo hetero homo
Burmese coat color TRY 90 1 1
Ticked DKK4 85 4 8
Polydactyly LMBR1 90 2 0
Sphynx Hairless KRT71 70 19 1
Chocolate TYRP1 85 7 0
Coat color, dilute MLPH 35 33 24
Long hair FGF5 64 25 3
Long hair FGF5 49 32 11
Blotched tabby LVRN 22 41 28
Coat color, non-agouti ASIP 8 85) 49
(black)
Coat color, Salmiak KIT 92 0 0
Curly coat, Devon Rex KRT71 66 12 10
Curly coat, Ural Rex LIPH 92 0 0
Coat color, russet MCI1R 92 0 0
Coat color, copal MCIR 92 0 0
Tail, short TBXT 92 0 0
Tail, short TBXT 91 1 1
Munchkin, standard UGDH 92 0 0

Summary and conclusions

In this application note, we describe a simplified method for
obtaining genotypic information from dogs and cats. We showed
how genomic DNA can be collected from buccal swabs using
GenoTube swabs, and purified using RecoverAll kits. We also
showed how the SwiftArrayStudio Microarray Analyzer and
Assay can be used to generate high quality genotypic data from
a variety of real-world users. Importantly, the SwiftArray Assay
can generate these data in less than 30 hours. The SwiftArray-
Studio Microarray Processor Solution, together with Axiom Feline
and Canine microarrays, is therefore poised to provide breeders,
veterinarian researchers, and providers of genetic data with tools
that can generate high-quality genotyping information rapidly,
accurately, and reliably.

To obtain the library files optimized for the SwiftArrayStudio Mi-
croarray Analyzer, please speak with your local FAS.
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Axiom™ SwiftArrayStudio Consumables Kit 952674
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