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Results
Up to ten percent of the global adult population worldwide is affected 

by dog allergies (Polovic et al., 2013). An increase in the contact between 
humans and dogs has led to this sensitization (Breitenbuecher et al., 
2016). Dog allergens have been identified in saliva, hair, dander, and 
urine, which humans frequently encounter. The regions listed all contain 
an allergy—inducing protein called Lipocalin 1 (LCN1), seen in Figure 1, 
that is produced by a gene called Can F1, (also known as OBP2B).

When LCN1 encounters Immunoglobin E
(IgE), the human immune system proteins
responsible for treating allergies, individuals
with sensitization to dogs will experience
allergic responses such as hives, congestion,
itchy eyes, and shortness of breath. With
different breeds producing varying
concentrations of LCN1, Breitenbuecher et
al. hypothesized that the average
concentration of the LCN1 in specific
breeds would correlate to the severity of the
allergic reaction. It was believed that breeds
that produced little to no concentration, or
hypoallergenic breeds, would elicit less of a
reaction because there is less LCN1 present
in the allergen regions. However, when dander samples were tested, they 
found that Labrador retrievers, which are non-hypoallergenic, had a lower 
average concentration of LCN1 than Poodles in (Breitenbuecher et al., 
2016). The study presented here measured the amount of Can F1 present 
in saliva to test for a relationship between protein concentrations and 
breed so that rescue dogs from shelters may be placed in proper homes.

To gather canine saliva samples, sixty swabs were sent to Dr. Moffa
from the Honeygo Animal Hospital for the collection of samples. Due to 
resource limitations only one swab per dog was collected and tested. 
During extraction, swabs were rolled back and forth across the gum of the 
dog before being returned to the tube and sealed. The samples were 
marked with the age, breed, and sex of the dog before storage. An 
additional twelve canine saliva samples were collected from volunteers.

To extract genetic material, swabs were thawed to room temperature 
before being placed in a buffer solution. Paramagnetic beads were 
rehydrated with a digestive enzyme and the sample, then transferred to a 
sample tube to be vortexed, centrifuged, and incubated. After incubation, 
the beads were removed from the solution. The beads were then washed 
twice with a wash buffer solution, removing the wash buffer solution each 
time. Next an elution buffer was added to the beads before incubating 
again. The solution was removed then transferred to a fresh tube. A

neutralization buffer was added to the tube with the elution buffer. The 
solution was vortexed and centrifuged. The remaining mRNA was 
measured on an instrument called a Nanodrop to analyze how much 
genetic material was recovered from the reaction.

A program called SnapGene was used to design the Can F1 gene 
forward and reverse primers that were utilized in the Polymerase Chain 
Reaction (PCR) analysis (Figure 2). The primers were tested in spurious 
amplification, which tests the primers with no genetic material to 
determine how many cycles are needed in the reaction (Graph 1). A PCR 
master mix is created by adding in dye, polymerase, and the forward and 
reverse primers into a buffer containing magnesium chloride and bovine 
serum albumin. The master mix was dispensed into a 96-well plate. A 
sample of mRNA from the extraction was added to each well containing 
the master mix and the plate was tested in quantitative PCR (qPCR). The 
qPCR machine was set to perform reverse transcriptase to make cDNA 
from the mRNA and then run 35 cycles to amplify the cDNA.

that are hypoallergenic and non-hypoallergenic is not statistically 
significant (Graph 3).

The purpose of this study was to measure the Can F1 gene in saliva to 
test for a relationship between protein concentration and dog breed. Since 
the mean Ct scores for hypoallergenic and non-hypoallergenic breeds 
were not statistically significant, it was determined that the presence of 
the Can F1 gene is similar in saliva for both categories of breeds. The 
presented results concluded that both hypoallergenic and non-
hypoallergenic breeds contain enough Can F1 to produce a concentration 
of LCN1 that will induce an allergic reaction in individuals sensitized to 
dogs. This means that the term “hypoallergenic” is not derived from the 
LCN1 protein concentration in a breed, rather the breed’s ability to 
produce the protein. Therefore, the best choice a sensitized individual can 
make when selecting a dog would be to choose a breed that does not 
drool and that is known to be low-shedding.
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Graph 1 (right): The spurious 
amp data shows the number 
of cycles that the PCR 
machine should go through. 
The number of cycles for the 
reaction was 35 because any 
more cycles could prevent the 
fluorescence of the amplified 
DNA from being read by the 
qPCR machine

Figure 2 (above): The area shaded in blue is the conserved region that is being primed in 
the PCR process in order to make copies of the DNA.

tgcaggcccagga taccccagcc t t
5' a tgaagaccc tgc t cc t cacca t cggc t t cagcc t ca t tgcga tcc tgcaggcccagga taccccagcc t tgggaaaggacac tgtggc tgtgt cagggaaa tggta tc tgaaggcca tg
3' t ac t t c tgggacgaggagtggtagccgaagtcggagtaacgc t aggacgtccgggtcc t a tggggtcggaaccc t t tcc tgtgacaccgacacagtccc t t t acca t agac t t ccggtac

acagcagaccaggaggtgcc tgagaagcc tgac t cagtgac tccca tga t cc t caaagcccagaaggggggcaacc tggaagccaaga t cacca tgc tgacaaa tggtcagtgccagaac
tgt cgt c tggtcc t ccacggac t c t t cggac tgagtcac tgagggtac t aggagt t t cgggtc t t ccccccgt tggacc t t cggt t c t agtggtacgac tgt t taccagtcacggtc t tg

a t cacggtggtcc tgcacaaaacc t c tgagcc tggcaaa tacacggca t acgagggccagcgtgt cgtgt tca t ccagccgtccccggtgagggaccac t aca t t c t c t ac tgcgagggc
tagtgccaccaggacgtgt t t tggagac t cggaccgt t t a tgtgccgta tgc t cccggtcgcacagcacaagtaggtcggcaggggccac t ccc tggtga tgt aagaga tgacgc t cccg

taggtcggcaggggccac t ccc t

Results
The mean cycle threshold (Ct) scores and endpoints for tested samples 

were organized by breed and put into two categories, hypoallergenic and 
non-hypoallergenic. A one-way ANOVA test was used to determine if 
there was a significant difference in the mean Ct scores and endpoints 
between the two categories. With a p-value of 0.268, greater than α-level 
of 0.05 and n = 136, the difference in the mean Ct scores between breeds 
that are hypoallergenic and non-hypoallergenic is not statistically 
significant (Graph 2). With a p-value of 0.584, greater than α-level of 
0.05 and n = 144, the difference in the mean endpoints between breeds
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Interval plot of endpoint vs category Graph 3 (left): The interval 
plot of the endpoint means 
from the PCR data. 
Endpoints are where the 
cDNA stops replicating in 
qPCR. The mean endpoint is 
3028 RFU for 
hypoallergenic breeds and 
2780 RFU for non-
hypoallergenic breeds.

Graph 2 (right): The interval 
plot of the Ct score means 
from the PCR data. The Ct 
score is where the cDNA 
begins to replicate in qPCR.  
The mean Ct score is 30.69 
cycles for hypoallergenic 
breeds and 31.52 cycles for 
non-hypoallergenic breeds.

Figure 1 (above): A render of 
the LCN1 protein. The alpha 
helices are highlighted in 
blue, and beta pleated sheets 
are highlighted in red


