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Archaeogenetical study of domestic dogs in East Asia
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Summary of Doctoral Thesis

Name in Full : XIAYIRE XIAOKAITI

Title : Archaeogenetical study of domestic dogs in East Asia

Dogs are thought to have evolved from wolves, are the only animal domesticated by
hunter-gatherers before Neolithic Period, and established close relationships with
humans. The worldwide spread of dogs followed that of humans, and the close
partnership of humans and dogs was likely originally based on human needs for hunting
companions or probably as a guard against predators. Although several places have been
proposed to be the origins of domestic dogs, such as Europe, Southeast Asia, and South
of the Yangtze (ASY) based on mitochondrial DNA diversity and nuclear genome data,
the dog's origin still needs to be fully understood.

My research aims to gain insights that would contribute to revealing the origin and
early stages of dog evolution by genomic analysis of ancient DNA (aDNA) preserved
in dog remains. Analysis of aDNA is a particularly powerful tool in understanding the
evolutionary history of the species, as it has been well recognized by the recent Nobel
Prize awarded to a pioneer in the field of human aDNA research. Over the years, there
have been a considerable number of ancient DNA studies conducted on dog remains.
Researchers have analyzed the DNA of ancient dogs from different archaeological sites
ranging across different periods and geographic regions including, Europe, the Near
East, Siberian, and North America, whereases ancient East Asian dogs have not been
extensively studied so far.

Therefore, I am targeting ancient dogs in East Asia, focusing on Japan using a
bioarchaeological approach (ancient DNA) to explore the relationship between ancient
humans and dogs. Archaeological evidence indicates that dogs appeared in Japan at
least 9,300 years ago, during the Jomon period. The Jomon period dogs (Jomon dogs)
retained the morphological characteristics of ancient domestic dogs throughout the
Jomon period, possibly due to their geographical isolation from the continental dogs.
Hence, they are expected to retain the genetic characteristics of the ancient domestic
dogs.

With this perspective, I started my research with five dog remains excavated from
three archaeological sites of the Jomon period (Odake Shell Mound, 6750~5530 cal BP;
Mukaidai Shell Mound, 5500~4400 cal BP), including one of the oldest dogs in Japan



(Kamikuroiwa Rock Shelter, 7400-7200 cal BP), along with seven later period dogs
from a single site (Suwada site, late 8th century).

I first analyzed the mitochondrial DNA sequences of these ancient Japanese dogs
with 719 mitochondrial genomes of ancient and modern canids. The dog mitochondrial
DNA sequences have been grouped into six clades (A to F haplogroup), and clade A
comprises six sub-clades (A1l to A6 sub-haplogroups). Classification of the Jomon dog
mtDNA haplotype revealed that they belong to a nested A2/A3 sub-haplogroup not
shared by other modern or ancient samples. The mtDNA sequences of Jomon dogs form
a monophyletic clade which is sister to the A3 sub-clade in the phylogenetic trees.
Network analysis showed that the Jomon dogs' mtDNA sub-clade diverged close to the
basal of the A2 and A3 haplotype network, an ancient dog from South China
(Tianluoshan, Zhejiang) centered. The Jomon dog mtDNAs diverged from A3 (~11,500
years ago) soon after the A2 and A3 divergence (~12,800 years ago), indicating early
divergence of the Jomon dogs’ sub-clade. These results suggest that the Jomon dogs
were possibly introduced into the Japanese archipelago 11,500-9,300 years ago. The
mtDNAs of late 8th century dogs were more diverse. They were different haplogroups
than that of Jomon dogs, suggesting that other haplogroups replaced the haplogroup of
Jomon dogs by introducing dogs that accompanied the migration of people into Japan
in later periods.

Nuclear genome analysis of ancient Japanese dogs analyzed with the whole
genome sequence of 220 ancient and modern canids revealed that Jomon dogs have the
highest genetic affinity with the late 8th century dogs (Suwada dogs) in Japan, followed
by dingoes (and New Guinea singing dog), and most distantly related to African dogs,
suggesting that the Jomon dogs are one of the oldest domestic dog lineages in East Asia.
As for the dog-wolf relationship, the extinct Japanese wolf, which is closest to dogs
among wolf populations, showed the highest genetic affinity with Jomon dogs than any
other modern and ancient dogs, further indicating that Jomon dog lineage represents
one of the genetic sources of dogs. The estimated level of genomic introgression from
Japanese wolf ancestry to Jomon dogs is around 9-11%, followed by Suwada dogs and
dingoes (and New Guinea singing dog) ranging from 4-7%.

Other than the mitochondrial and nuclear genome analysis, I have determined
some phenotypical characteristics, including the biological sex, ear shape and size, and

starch digestion ability of the ancient Japanese dogs.



This study marks the first whole genome data of ancient Japanese dogs, revealing

novel information on the early stage of domestic dog history in East Asia.
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