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Abstract 

Cats and dogs are integral parts of our lives, and as 
such we want to understand as much as possible 
about their health.  Advances in genotyping help 
identify deleterious alleles that can be important in 
breeding and veterinary care.  Applied Biosystems™ 
recently released high-throughput genotyping 
solutions for feline and canine genome analysis.  In 
this study, we demonstrate practical workflows for 
collecting and purifying DNA samples from 
companion animals.  Using these samples, we 
introduce the  SwiftArray™ Assay for genotyping and 
show how it provides high-quality data in 30 hours.  
Finally, we show how the results can be used to 
identify traits and breeds in dogs and cats.  
Together these results demonstrates that 
companion animal breeders, veterinary practices 
and direct-to-consumer genotyping companies can 
quickly and accurately obtain genotypic information. 
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Collect Extract Prepare Analyze

• Thermo Scientific Genotubes
• Samples stable at RT
• Minimal time for collection

• In Vitrogen™ Recoverall™
FFPE DNA/RNA Isolation 
Kit

• Slightly modified
• 75-90 min, 15 min 

hands on time
• Other kits could be 

used but weren’t 
tested

• Applied Biosystems 
SwiftArrayStudio

• 22 hr automated processing, 
including hybridization, 
washing and imaging

• Applied Biosystems™
SwiftArray™ Assay

• 5 hr preparation time
• HT and automatable 

options possible
• Applied Biosystems Axiom 

Feline/Canine Microarrays
• Recommend 100ng 

input, but lower can 
amounts work

1 2 3 4 5 6 7 8 9 10 11 12
A 0.000 99.486 98.903 99.195 0.000 98.431 98.982 99.063 99.725 99.723 99.196 98.869
B 0.000 99.174 99.321 99.182 99.030 99.667 97.988 99.117 99.559 99.532 98.876 99.653
C 99.233 99.221 98.531 98.423 99.004 99.460 99.024 99.368 99.603 99.270 99.515 98.347
D 0.000 98.574 99.074 99.553 99.157 99.138 99.382 99.227 99.209 99.203 98.684 0.000
E 99.622 99.055 98.217 99.106 99.534 99.516 98.944 98.316 98.865 99.252 0.000 0.000
F 98.346 98.333 98.757 0.000 98.225 97.505 98.950 99.512 99.443 99.354 98.903 99.433
G 99.059 0.000 99.503 98.329 97.987 98.742 99.399 98.588 99.654 99.541 99.367 0.000
H 99.660 98.593 99.519 98.942 99.022 99.341 99.709 99.202 99.110 99.341 0.000 0.000

1 1 3 4 5 6 7 8 9 10 11 12
A 0.551 1.000 0.982 0.999 0.582 0.995 0.999 0.998 1.000 1.000 0.998 0.998
B 0.038 0.997 0.998 1.000 0.998 0.999 0.996 0.998 0.999 1.000 0.995 1.000
C 0.999 0.997 0.994 0.994 0.997 0.997 0.997 1.000 1.000 1.000 1.000 0.995
D 0.988 0.993 0.996 0.999 0.998 0.992 0.999 0.999 0.999 0.996 0.997 0.787
E 0.999 0.997 0.992 0.995 0.998 0.999 0.998 0.999 0.999 0.998 0.960 0.991
F 0.990 0.992 0.997 0.956 0.994 0.984 0.999 0.999 1.000 0.999 0.992 0.995
G 0.998 0.985 0.993 0.995 0.995 0.993 0.999 0.989 1.000 1.000 0.999 0.322
H 0.991 0.996 0.999 0.999 0.995 0.998 1.000 1.000 1.000 1.000 0.387 0.961

1 2 3 4 5 6 7 8 9 10 11 12
A 0.9630 0.9667 0.9927 0.9610 0.9913 0.9963 0.9917 0.9227 0.9823 0.9780 0.9960 0.8570
B 0.9980 0.9897 0.9977 0.9893 0.9973 0.9943 0.9927 0.9973 0.9973 0.9990 0.9980 0.9990
C 0.8017 0.9960 0.9703 0.9937 0.9977 0.9937 0.9960 0.9983 0.9957 0.9980 0.9997 0.9983
D 0.9890 0.9857 0.9967 0.9970 0.9963 0.9947 0.9987 0.9977 1.0000 0.9980 0.9980 0.9990
E 0.0360 0.9967 0.9733 0.9837 0.9973 0.9913 0.9970 0.9963 0.9990 1.0000 0.9990 0.9980
F 0.9825 0.9903 0.9967 0.9970 0.9980 0.9957 1.0000 0.5820 0.9980 0.9993 1.0000 0.9983
G 0.9850 0.9947 0.9927 0.9990 0.9973 0.9997 1.0000 0.9973 0.9990 0.9993 0.9910 0.9960
H 0.9223 0.9957 0.9930 0.9950 0.9970 0.9967 0.9910 0.9960 0.9903 0.9970 0.9950 0.0360

1 2 3 4 5 6 7 8 9 10 11 12
A 99.882 98.718 98.530 0.000 99.247 99.671 99.310 97.687 98.454 97.987 99.736 98.638
B 99.916 99.113 99.785 98.620 99.435 99.597 99.282 99.874 99.806 99.887 99.836 99.852
C 99.902 99.726 98.695 99.385 99.837 99.465 99.767 99.789 99.347 99.821 99.807 99.874
D 98.922 99.845 99.881 99.857 99.487 99.397 99.874 99.543 99.892 99.748 99.915 99.801
E 0.000 99.781 97.659 97.327 99.823 99.060 99.566 99.446 99.894 99.907 99.512 99.896
F 97.545 99.082 99.748 99.908 99.809 99.660 99.884 0.000 99.798 99.913 99.907 99.860
G 98.535 99.663 99.342 99.887 99.913 99.866 99.903 99.869 99.878 99.816 99.305 99.651
H 98.854 99.634 99.370 99.581 99.802 99.648 99.404 99.673 99.268 99.559 99.487 0.000

Dogs
Top 10 Breeds with at least 

0.1% representation 
(96 ThermoFisher samples)

Breed

12 Toy Poodle

11 Golden Retriever

9 Vizsla

8 American Cocker Spaniel

8 East European shepherd

7 American Staffordshire Terrier

7 Chihuahua

7 German Shepherd dog

7 Labrador Retriever

7 Poodle

• Integrated touch screen
• Intuitive icons
• Guided loading/unloading
• Remote monitoring
• Step-by-step error recovery
• Optional server 

• Increased capacity – up to 4 plates 
• Faster scan time (1.07 minutes/sample 96 well plate) 
• Error prevention-barcoded plates
• Internal sensors to help prevent user errors

• Auto teach to avoid plate crashes and simplify installation
• New electromechanical wiring 
• New fluidics design 

• Fast wash/Stain 2.5 hours 
• Fully integrated bottles & reagents 
• Reduced footprint
• New wash station 

• Remote troubleshooting for 
improved service and support

• Increased uptime from new 
hardware

No extra equipment  
required for array 

processing (hyb-scan)

Approx. 6 hr target prep 
can be completed in 

one day by one person

Target Prep
Automated 

Array 
Processing

Minimal hands on time 
(aprox. 2 hrs)

Make WGA
Hands on: 15 mins
Reagents: Pluto reagents

Amplify WGA
Hands on: 10 mins ---No robot, no staging
Incubation: 10 mins denature and 2.5 hours for WGA 

Frag DNA
Hands on: 20 mins
Incubation: 20 mins

Precipitate DNA
Hands on: 10 mins
Reagents: Pluto reagents
Spinning: 30 mins, Drying in Decanter: 5 mins, Drying in the 
oven: 10 mins  

Resuspend DNA
Hands on: 20 mins
Reagents: Pluto reagents
Incubation: 10 mins

1

2

3

4

5

Hybridize DNA to Array
Hands on: 10 mins
Reagents: Pluto reagents
Incubation (Denature Hyb): 15 mins
Cool Down: 0 mins
No Robot
Incubation in SwiftArray Studio: 16 hrs

Wash, Extend, Stain & Scan in 
SwiftArray Studio

6

7

Quality genotypes next-
day (approx 30 hrs)

Master mix reagents, less tubes
(38.46% reduction: 24 vs 39)

Start Morning Day 1

Middle of Day 2

Universal stain 
trays: “Pour & go” 

one layer stain
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• Buccal swabs collected with 
Thermo Scientific Genotubes can 
be used as a source of genomic 
DNA

• Applied Biosystems Axiom Canine 
and Feline arrays facilitate 
genotyping of companion animals

• Up to 96 samples can be 
analyzed on a single Axiom array

• Applied Biosystems SwiftArray 
Solution includes simplified target 
preparation and fully automated 
Axiom array processing 

• Genotyping results can be 
obtained in approximately 30 
hours when using the SwiftArray 
Solution

Figure 3.  Workflow used in this study for collecting DNA and genotyping companion animals using 
SwiftArray solution

Figure 6. Description of content found on Axiom 
Canine Genotyping array

Figure 5.  Quality control metrics of analysis 
using Feline Genotyping array.  Each sample was 
analyzed in triplicate on three separate arrays.  A.  
Input amount of genomic DNA analyzed (ng).  B.  
Average dQC (dish QC, measures signal-to-noise in 
non-polymorphic regions of the genome) of each 
sample in the three replicates.  C.  Average total call 
rate for each sample in the three replicates.

Cat Samples Dog Samples
Total number of markers 662,069 712,332
Number of input samples 288 287
Samples with dQC >= 0.82 93.40% 93.73%
dQC Median 0.997 0.999
Average passing QC CR 99.54% 98.96%
Average Sample CR 99.69% 99.51%
Percent of markers with high performance in 
dataset 97.20% 93.80%
Average sample reproducibility 99.99% 99.93%
Gender Calls

Female 136 110
Male 118 120

Gender call rate 100% 100%
AxAS displayed values:

AxAS PolyHighResolution 89.29% 69.83%
AxAS NoMinorHom 5.59% 12.79%
AxAS MonoHighResolution 2.30% 11.15%
AxAS CallRateBelowThreshold 0.98% 2.29%
AxAS OffTargetVariant 0.06% 0.44%
AxAS Other 1.78% 3.50%
AxAS OtherMA 0.00% 0.00%

Conclusions

Figure 1.  Features in SwiftArrayStudio that 
enhance usability and reliability.  

Figure 2.  Features in SwiftArray Assay that 
speed time-to-answer and reduce consumables 
used.

Figure 4.  Description of content found on 
Axiom Feline Genotyping array

Figure 7.  Quality control metrics of analysis 
using Feline Genotyping array.  Each sample was 
analyzed in triplicate on three separate arrays.  A.  
Input amount of genomic DNA analyzed (ng).  B.  
Average dQC (dish QC, measures signal-to-noise in 
non-polymorphic regions of the genome) of each 
sample in the three replicates.  C.  Average total call 
rate for each sample in the three replicates.

Figure 8.  Summary of results obtained from cat and 
dog samples used in this study.  Values are either 
sums or average values of the triplicates (given as 
percentage).

Figure 9.  Most popular breeds of small samples of 
companion animals from Thermo Fisher Scientific 
colleagues

Introduction
Why genotype our companion animals?

Materials and Methods
Samples
Samples were collected from local colleagues’ pets.
Materials
Thermo Scientific Genotubes™
Invitrogen™ RecoverAll™ Total Nucleic Acid Isolation 
Kit for FFPE
Applied Biosystems™ Axiom™ Canine HD Array
Applied Biosystems™ Axiom™ Feline HD Array
Applied Biosystems™ SwiftArray™ Target Preparation 
kit
Applied Biosystems™ SwiftArrayStudio™ Analyzer
Methods
Buccal swabs were collected by individual owners 
from their pets.  Genomic DNA was isolated from 
buccal swabs using the method described in the 
RecoverAll kit, except the protease digestion volume 
was increased to 400µl, and the temperature was 
65C for 1 hour.  200µl of digest was used in the rest 
of the protocol.  Targets were prepared for 
hybridization to the microarray using the method 
described in the SwiftArray reagent kit.  Targets 
loaded on the SwiftArrayStudio for automated data 
collection, including 16 hr hybridization, processing, 
washing and imaging.
Data Analysis
Raw data files were analyzed for QC using Applied 
Biosystems™ Axiom™ Analysis suite.  Further analysis 
was performed using custom canine or feline 
interpretive software.

• Identify inherited disease risks 
• Enables research into early screening, targeted 

monitoring, and investigating preventive care. 
• Clarifies breed ancestry

• Can inform behavior expectations, nutritional 
needs, and exercise recommendations

• Can help research into drug choice or dosage 
where pharmacogenomic variants are known. 

• Reduce the propagation of harmful alleles by 
informing mating decisions

• May help improve the success of breeding 
programs 

• Improves the power of genome-wide association 
studies 

• More accurate prevalence estimates for genetic 
conditions

• Help accelerate the research of new diagnostics 
and therapeutics in veterinary medicine. 

• Supports research into more effective vaccination, 
parasite-control, and zoonotic disease surveillance 
strategies by public health authorities.
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