
Introduction
Since their domestication from gray wolves tens of thousands of years ago, domestic 
dogs (Canis lupus familiaris) have lived and traveled alongside modern humans 
throughout the world. The billion or so extant dogs in the world can be largely 
classified as purebred or mixed breed pet dogs, or as free-ranging feral dogs 
(hereafter: village dogs). Their widespread distribution, coupled with aggressive 
human-mediated selection for desirable traits, has resulted in an extremely 
phenotypically diverse global population and complex population history. However, 
this complex history is becoming more clear with the increasing availability of 
affordable, high-density genotyping and sequencing data.
     Recently, high-density genotyping panels with hundreds of uniparentally-inherited 
markers (mitochondrial and Y chromosome markers) have become available. Such 
markers can be extremely useful in uncovering phylogeographic history, but to date 
only a minority of the >500 dog breeds and countless village dog populations 
worldwide have been studied using nuclear, Y, and mtDNA data. 
     Demand for high-resolution genetic testing of pet dogs for health, traits, and 
ancestry offers a powerful way to build comprehensive genomic databases of canine 
diversity from diverse breeds and populations that would be difficult to collect using 
traditional means. In less than a year, Embark has analyzed new canine genetic 
samples from the 94% of owners that consented to participate in research. Here we 
present an expanded Y-chromosome phylogeny of both breed and village dogs from 
Embark Veterinary’s genetic test.
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Methods
  Designed a commercial SNP assay including >500 unique sites on the dog Y 
chromosome to capture both known and putatively novel diversity in dogs 
  Genotyped saliva samples collected primarily by non-scientists representing a global 
population of purebred, mixed breed, and village dogs 
  Matched each unique haplotype to one from previous studies and either assigned 
names to haplotypes based on established nomenclature or, when no matches were 
available, gave them new names based on their inferred haplogroup
  Analyzed haplotype diversity within breeds and breed diversity within haplotypes, 
comparing resolution of our assay to previous studies
  Inferred a Y-chromosome phylogeny using a neighbor-joining tree of SNP haplotypes

Results
  Described a basal group of Y-chromosome haplotypes present in several 
customer dogs that are associated with Northern breeds both with and without 
recent gray wolf autosomal ancestry (wolf node, Fig. 1)
  Among all of the Basenjis surveyed using this assay, detected a single 
haplotype, H9, that is related distantly to extant breed dog lineages (basenji 
node, Fig. 1)
  Using novel markers, expanded Y-chromosome haplotypes previously 
considered unique to as many as 9 new haplotypes (Fig. 2)
  Parsed Y-chromosome haplotypes that were previously thought to be fixed 
within breeds into several haplotypes, giving a greater signal of within-breed 
paternal diversity (Fig. 3)
  Increased power to resolve Y-chromosome phylogeny in dogs for a total of 
151 unique haplotypes (Figs. 1, 4)

Dr. Erin Chu collects a saliva 
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Figure 2. Haplotype network showing 
expansion of a single previously-identified 
haplotype (H1a.8, Shannon et al. 2015) 
into 9 total haplotypes. Each node is 1 
mutation from adjacent nodes.

Figure 3. Embark's array provides 
more fine-scale resolution of within-
breed diversity

Figure 4. Embark's genotyping array provides more 
fine-scale resolution of Y-haplotypes than previous 
assays (Shannon et al. 2015)
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Figure 1. Neighbor-joining tree describing dog Y-chromosome phylogeny. Novel haplotypes 
and haplogroups that were not present in previous studies (Shannon et al. 2015) are 
indicated with Embark logos. Canid drawings indicate haplogroups with putative male-
mediated admixture with sister canids. Vertical bars encompass haplotypes within labeled 
haplogroups, and pie charts represent frequencies of dogs from respective geographic 
origins (with respective percentages of total dataset in parentheses).


