
 

Using Genotyping to Correlate Pointing, Herding, & Retrieving Behaviors Across Dog Breeds

In this experiment, we used Sequenom genotyping technologies to
look at SNPs (single nucleotide polymorphisms) in regions of the
dog genome that correlate with the following behaviors:

Informatics & Analysis Workflow

Introduction Methods Results & Conclusions

Project Justification

Why these 117 SNPs?
To focus on regions
previously found by a
Genome Wide
Association (GWA)
scan that may be
associated with these
behaviors.

DNA Preparation Oligo Pooling

We dispensed individual dog DNA samples 4
times onto different 384-well plates. Eight 384-
well plates were used.

We customized and ordered
oligonucleotide primers (oligos)
to attach near targeted SNPs.
Then we made 4 pools of oligos
for PCR and 4 for SBE with
each pool attaching to different
sites on the DNA.

Polymerase Chain Reaction (PCR)

Each plate received one of the four oligo pools
for PCR. Oligo primers in pools attached to
sites near the desired SNPs. DNA amplification
started at the oligos.
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Shrimp Alkaline Phosphatase (SAP) 34

Significance
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We added SAP to amplified DNA. The enzyme
disassociated two phosphate groups from the
ends of DNA strands and free nucleotides to stop
further amplification.

Single Base Extension (SBE) Cleaning, Spotting, & Detection

We added the remaining four oligo pools
onto plates. A single nucleotide was added
to the DNA, complimenting the SNP’s
nucleotide.

DNA strands were cleaned and
spotted onto Sequenom chips,
and later placed into a mass
spectrometer for genotyping.
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Process Dashboard tracks
Sequenom steps in lab

The Genetic Analysis Platform (GAP) programmed a web interface that facilitates and tracks projects done within the platform.

Perl programming used to organize
data and make simple calculations

What is Web Programming?

Why 49 breeds and
720 individual dogs?
To increase the
statistical significance
of findings by analyzing
all available dog
breeds.

GAP informatics uses web technologies to track experiments. We used some of the same
technologies to create a simple page that changed its appearance by user selection.

Why dogs?
•Breeds strongly
selected for behaviors.
•Dogs in a breed are very
similar and frequently
homozygous due to
inbreeding.
•Breeds are diverse.
•Dog diseases parallel
human diseases and
behaviors.

We used PLINK, a whole genome association analysis toolset,  to
test 3 phenotypes: pointing, herding, & retrieving.
PLINK: calculating a p-value for the phenotypes
1. Measured the difference between affected and unaffected
2. Obtained random distribution
3. Calculated empirical p-value
Interpreting SNP Correlation Graphs

No Correlation Some Correlation High Correlation

We used:
117 SNPs

      x 720 Dogs (49 Breeds & Wolf)
    84,240 Data Points

5Data sent to
PLINK for
complex
statistical
operations
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Fig. 7

For thousands of years, humans have
shaped dog behaviors through artificial
selection. Identifying the genes correlated
with these behaviors and using cross-
species genomic analysis reveal that they
are also involved in human psychiatric
diseases and disorders, giving us insight
into the functions of these genes.

•Breed vs Breed Association: testing for difference
between breeds that correlate with phenotypes
•XPEHH: testing for long haplotype blocks within a breed,
indicates artificial or natural selection
•FST: measuring how different breeds are from each other,
large differences indicate natural or artificial selection
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5Region Discovery Methods

CHR BP Allele 1 Allele 2 P-value (loose) P-value (strict)

1 31884618 C T 0.0008 0.8210

10 11616330 G T 0.0064 0.8210

20 28449342 T A 0.0065 0.6214

15 15904214 A G 0.0090 0.3059

10 8990289 A G 0.0148 0.1405

1 31841378 T G 0.0164 0.0208

10 9038633 G A 0.1478 0.0208

12 36730517 C A 0.1811 0.0208

20 28389806 T C 0.2144 0.0208

2 64946640 G T 0.8635 0.0208

10 11581757 T C 0.0319 0.8210

CHR BP Allele 1 Allele 2 P-value (loose) P-value (strict)

39 41222477 A G 0.0002 0.0001

1 31843869 G C 0.0114 0.0032

1 31819999 A G 0.0051 0.0033

1 31841361 G C 0.0043 0.0038

1 31841378 T G 0.0046 0.0067

39 41128258 A G 0.0046 0.0204

39 41127873 T C 0.0269 0.0100

12 36502814 C T 0.0116 0.0295

20 28422320 G A 0.0294 0.0161

1 31858622 A G 0.0433 0.0171

2 65304465 T G 0.0299 0.0185

10 8963304 G A 0.1054 0.0374

15 15904214 A G 0.0425 0.0489

39 41214658 T C 0.1423 0.0453

10 8899208 T A 0.0801 0.0463

1

SNP =  Single
nucleotide

polymorphism

SNPs Ordered by Genome Position

• Pointing SNP in human gene for androgen receptor
• Retrieving SNP in human oncogene, unknown brain function
• Peaks flank synaptic signaling (epilepsy) gene

Chromosome X (39)

• Pointing SNPs in human chromatin remodeling gene expressed in brain.

Chromosome 2

• SNPs in region with no known genes but some functional annotations,
including ESTs isolated from brain cells

Chromosome 15

• Herding SNP upstream of human gene with function poorly known
• Pointing SNP in human gene linked to schizophrenia

Chromosome 1

CHR BP Allele 1 Allele 2 P-value (loose) P-value (strict)

X 41128258 A G 0.0031 0.0092

10 8879364 A G 0.0168 0.0257

10 8990289 A G 0.0265 0.0394

10 9157602 G A 0.0299 0.0435

10 8963304 G A 0.0339 0.0578

12 36766086 A G 0.0733 0.0354

24 26355154 G A 0.0359 0.0526

10 9038633 G A 0.0367 0.0534

24 26359293 T C 0.0383 0.0567

10 8834134 C T 0.0469 0.0694

24 26370499 G C 0.0497 0.0699

Dog Chromosome
Dog 

Phenotype

Dog & 

Human Gene

Potential 

Human Disease

Chr 1 herding FAM54A unknown

Chr 1 pointing PDE7B schizophrenia

Chr 2 pointing CHD9 unknown

Chr 15 herding non-coding unknown

Chr 15 pointing non-coding unknown

Chr X (39) pointing UXT unknown

Chr X (39) retrieving ARAF unknown
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