The Boxer Dog:
Genetic research, coat color, and
breed ancestry

Dayna Dreger, Ph.D.

Lead Scientist

Canine Genetics Lab

Department of Basic Medical Sciences
College of Veterinary Medicine
Purdue University

ddreger@purdue.edu




PEDIGREE HISTORY
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Boxers in America
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PHYLOGENY




1,609 dogs
182 breeds + 16 wild canids
142,000+ genome-wide markers
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Boxer thlogenz
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HAPLOTYPE SHARING
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Comparison breeds

Breed X added to breedY ... or breedY added to breed X.

Does NOT indicate DIRECTION of genetic sharing.

IMPORTANT!



Boxer Haplotype Sharing
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Boxer Haplotype Sharing
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INBREEDING COEFFICIENTS




Coefficient of Inbreeding (COI = F)
I

Pedigree-based calculation:
Fo =2 [(172)"" (I + Fy)]

Fy = inbreeding coefficient of individual X
n = number of generations to the most recent common ancestor
F, = inbreeding coefficient of the most recent common ancestor

Estimates probability of identity-by-decent based on generations to common ancestors
SNP-based calculation:

Fyx = [observed homozygous count] - [expected count]
[total observations ] - [expected count]

expected count based on calculated minor allele frequencies

Estimates probability of identity-by-decent based on observed and expected homozygosity
across multiple loci



Coefficient of Inbreeding (COI = F)
|

=

10 gen I:all oen I:SNP

Baseniji 0.059 0.11 0.22 0.536 483.3 Mb
Norwich Terrier 0.057 0.167 0.267 0.408 382.2 Mb
Bernese Mountain Dog 0.022 0.061 0.197 0.350 314.1 Mb
Borzoi 0.054 0.086 0.128 0.311 223.8 Mb
Belgian Shepherd 0.064 0.126 0.193 0.301 223.6 Mb
Golden Retriever 0.027 0.079 0.160 0.284 225.5 Mb
Portuguese Water Dog 0.052 0.162 0.176 0.270 181.6 Mb
Labrador Retriever 0.026 0.073 0.082 0.217 92.5 Mb
Papillon 0.031 0.051 0.059 0.179 102.6 Mb

* NO significant correlation between pedigree-based F and SNP-based F.
* There IS significant correlation between SNP-based F and combined length of
homozyosity (p = 2.20%%).
* There IS significant correlation between pedigree-based F and combined length of
homozygosity (p = 0.031)
* ONLY when using the entire pedigree database to calculate F

Dreger, et al. (2016). Disease Models and Mechanisms.



—
* Inbreeding coefficient (F)

Breed Demographics
.

* The probability that two individuals with the same gene variant received those

variants from a common ancestor

0.357
* 10-dog shared homozygosity

Basset Iﬂl%d 0.357
West Highland? h|_,.eT Fier 0.357
Pekingese A 0.356
Flat-coated Retriever 0.354

0.579

* The amount of genetic material that is shared by 10 individuals of the same breed

48Mb (2.12%) 347Mb (15.39%)

Flat-coatgabRetriever 309Mb
Berne!éﬁofuntam Dog s 314Mb
Norwich Terrier 382Mb

769Mb (34.14%)

Dreger, et al. (2016). Disease Models and Mechanisms.



COLOR INHERITANCE







Coat Color

* Boxer coat color explained by 3 genes
» ASIP (Agouti Signaling Protein) —> base color, fawn or not fawn

* CBDI103 (Canine Beta-Defensin 103) —> brindle or not brindle
*  MITF (Microophthalmia-associated Transcription Factor) —> white or not white




ASIP

* Agouti Signaling Protein = ASIP = A locus
* 4 gene variants (alleles)
e @ = fawn, sable

* a = recessive black Boxers, 1% at

Dreger, et al. (2019 - pending).



ASIP Inheritance




ASIP Inheritance




ASIP Inheritance

a’lat

a'la’




CBDI03

Canine Beta Defensin 103 = CBD103 = K locus

* 3 gene variants (alleles)
* KB = dominant black

|




CBD 103 Inheritance




CBD 103 Inheritance

kY/ky




CBD 103 Inheritance

kbr/ kbr

100% - kbr/kbr = brindle

50% - kbr/kbr = brindle
50% - kbr/ky = brindle

100% - kbr/ky = brindle

50% - kbr/kbr = brindle
50% - kbr/ky = brindle

25% - kbr/kbr = brindle
50% - kbr/ky = brindle
25% - k'/k¥ = not brindle

50% - kbr/ky = brindle
50% - k¥Y/k! = not brindle

kY[ kY

100% - kbr/k¥ = brindle

50% - kbr/ky = brindle
50% - k'/k¥ = not brindle

100% - k¥Y/k¥ = not brindle




MITF

Microophthalmia-associated Transcription Factor = MITF = S locus
* One known gene variant (allele)
* S =solid color, no white
* sP = white spotting, CO-DOMINANT inheritance
* “each homozygote is makes a different phenotype than the heterozygote”
¢ 5/S looks different than S/s? and from sP/sP

S/S S/sp sb/sb

* “Fixed Irish White” = gene variant NOT known! Same white pattern as S/s?,
different genetic mechanism
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MITF Inheritance




MITF Inheritance







Color Layers
e

* Each gene acts like a different layer that ADDS to whatever else is already present

PLUS brindle
>
ala’ , klk, SIS a'la, kbrikbr | S/S
OR
a'la’ , kbr/ky | SIS
PLUS S/sP PLUS sP/sP PLUS S/sP PLUS sP/sP
9
a'la’, kK | SlsP ala’, kVIkY | sP/sP a'lar, kPr/kbr | S/sP a'lar, kbrikbr, sP/sP
OR OR

a'la’ , kbriky , S/sP a'la’ , kbriky , sP/sP




What About White?

* The SAME genetic mechanism that produces white in Boxers ...

* Bull Terriers: colored dogs = 2.2% deaf; white dogs = 19.1% deaf
* Jack Russell Terriers: 19.1% deaf
° AUStraIian Cattle DOgS: I 2-6% deaf Strain (1999). Congenital Deafness and its Recognition.

* DogS W|th SP/SP White: 20% deaf Strain, et al. (2004). The Veterinary Journal.

* Fawn Boxers: 0/29 deaf
° Whlte BOXGrS: 3/ I 4 deaf (2 I %) Palumbo, et al. (2014). Pesq. Vet. Bras.

* Only 5 Boxers are recorded in OFA as having BAER hearing tests!
* To get real numbers on deafness — TEST and RECORD! Breed-specific numbers
may allow researchers to identify genetic causes.

* Two flashy Boxers bred to each other will produce ~25% white pups

* If you like the flashy pattern, you will never get rid of solid white

* The only way to get rid of solid white is to select away from ANY white spotting, ie.
only solid fawn or brindle dogs



Canine Genetics Lab @ Purdue University, College of

Veterinary Medicine

= Dr. Kari Ekenstedt

"  Dr. Dayna Dreger (lead scientist)

= Shawna Cook (PhD candidate)

= Blair Hooser (PVM summer scholar)

= Jessica Clark (undergraduate researcher)

= Donate a DNA sample from your dog!

= Contact ddreger@purdue.edu for information about on-going research opportunities
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