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NONHUMAN GENETICS

Genomic and archaeological evidence
suggests a dual origin of domestic dogs
Laurent A. F. Frantz,1*† Victoria E. Mullin,2† Maud Pionnier-Capitan,3,4

Ophélie Lebrasseur,1 Morgane Ollivier,3 Angela Perri,5 Anna Linderholm,1,6
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The geographic and temporal origins of dogs remain controversial. We generated genetic
sequences from 59 ancient dogs and a complete (28x) genome of a late Neolithic dog
(dated to ~4800 calendar years before the present) from Ireland. Our analyses revealed
a deep split separating modern East Asian and Western Eurasian dogs. Surprisingly, the
date of this divergence (~14,000 to 6400 years ago) occurs commensurate with, or several
millennia after, the first appearance of dogs in Europe and East Asia. Additional analyses
of ancient and modern mitochondrial DNA revealed a sharp discontinuity in haplotype
frequencies in Europe. Combined, these results suggest that dogs may have been domesticated
independently in Eastern and Western Eurasia from distinct wolf populations. East Eurasian
dogs were then possibly transported to Europe with people, where they partially replaced
European Paleolithic dogs.

D
ogs were the first domestic animal and the
only animal domesticatedbefore the advent
of settled agriculture (1). Despite their im-
portance in human history, no consensus
has emerged regarding their geographic

and temporal origins, or whether dogs were
domesticated just once or independently onmore
than one occasion. Although several claims have
beenmade for an initial appearance of dogs in the
early upper Paleolithic [~30,000 years ago; e.g.
(2)], the first remains confidently assigned to dogs
appear in Europe ~15,000 years ago and in Far
East Asia over 12,500 years ago (1, 3). Although
archaeologists remain open to the idea that there
wasmore than one geographic origin for dogs [e.g.
(4, 5)], most genetic studies have concluded that
dogs were probably domesticated just once (6),
disagreeing on whether this occurred in Europe
(7), Central Asia (8), or East Asia (9).
Recent paleogenetic studies have transformed

our understanding of early human evolution
[e.g. (10, 11)]. We applied a similar approach to
reconstruct the evolutionary history of dogs.
We generated 59 ancient mitochondrial DNA

(mtDNA) sequences from European dogs (from
14,000 to 3000 years ago) as well as a high-coverage
nuclear genome (28x) of an ancient dog dated
to ~4800 calendar years before the present (12)
from the Neolithic passage grave complex of
Newgrange (Sí an Bhrú) in Ireland. We com-
bined our ancient sample with 80 modern pub-
lically available full genome sequences and
605 modern dogs (including village dogs and
48 breeds) genotyped on the CanineHD 170,000
(170 K) single-nucleotide polymorphism (SNP)
array (12).
We first assessed characteristics of the New-

grange dog by typing SNPs associated with spe-
cific phenotypic traits and by inferring its level of
inbreeding, compared to other breed and village
dogs (12). Our results suggest that the degree of
artificial selection and controlled breeding dur-
ing the Neolithic was similar to that observed in
modern free-living dogs. In addition, the New-
grange dog did not possess variants associated
with modern breed-defining traits, including
hair length or coat color. And although this dog
was likely able to digest starch less efficiently

than modern dogs, it was able to do so more
efficiently than wolves (12).
A phylogenetic analysis based on 170 K SNPs

revealed a deep split separating themodern Sarloos
breed fromother dogs (Fig. 1A). This breed, created
in the 1930s in the Netherlands, involved breed-
ing German Shepherds with captive wolves (13),
thus explaining the breed’s topological place-
ment. The second deepest split [evident on the
basis of both the 170 K SNP panel (Fig. 1A) and
genome-wide SNPs (fig. S4)] separates modern
East Asian and Western Eurasian (Europe and
theMiddle East) dogs. Moreover, the Newgrange
dog clusters tightly with Western Eurasian dogs.
We used principal components analysis (PCA), D
statistics, and the program TreeMix (12) to fur-
ther test this pattern. Each of these analyses un-
equivocally placed the Newgrange dog with
modern European dogs (figs. S5 to S7). These
findings demonstrate that the node separating
the East Asian and Western Eurasian clades is
older than theNewgrange individual, which was
directly radiocarbon dated to ~4800 years ago.
Other nodes leading to multiple dog popula-

tions and breeds [including the basal breeds (1)
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such as Greenland sledge dogs or the Siberian
husky (Fig. 1A)] are poorly supported, suggesting
that these breeds probably possess mixed ances-
try from both Western Eurasian and East Asian
dog lineages. To further assess the robustness of
the deep split and those nodes associated with
the potentially admixed lineages, we defined
Western Eurasian and East Asian “core” groups
(Fig. 1A), supported by the strength of the node
leading to each cluster (12).We thenusedD statistics
to assess the affinity of each population to either
Western Eurasian or East Asian core groups (12).
The results of this analysis again revealed a clear
East-West geographic pattern across Eurasia as-

sociated with the deep phylogenetic split (Fig. 1B).
Breeds such as the Eurasier, Greenland sledge
dogs, and Siberian huskies [all basal breeds from
northern regions (1)], however, possess strong
signatures of admixture with the East Asian core
samples (fig. S11), as do populations sampled in
EastAsia that clustered alongsideWesternEurasian
dogs (such as a Papua New Guinean village dog;
Fig. 1A).
We used the multiple sequentially Markovian

coalescent (MSMC) (12, 14) to reconstruct the
population history of East Asian and Western
Eurasian dogs. An analysis of individual high-
coverage genomes demonstrated a long shared

population history between the Newgrange dog
and modern dogs from both Western Eurasia
and East Asia (fig. S15). A reconstruction using
two genomes per group improved the resolution
for recent time periods (Fig. 2A) and revealed a
bottleneck in the Western Eurasian popula-
tion, after its divergence from the East Asian
core. A similar bottleneck observed in non-African
human populations has been interpreted as a
signature of a migration out of Africa (15). We
therefore speculate that the analogous bottle-
neck observed in our data set could be the result
of a divergence and subsequent transportation
of dogs from east to west, supporting suggestions

SCIENCE sciencemag.org 3 JUNE 2016 • VOL 352 ISSUE 6290 1229

Fig. 1. Deep split between East Asian and Western Eurasian dogs. (A) A neighbor-joining tree (with bootstrap values) based on identity by state (12) of 605
dogs. Red and yellow clades represent the East Asian andWestern Eurasian core groups, respectively (12). (B) Amap showing the location and relative proportion
of ancestry [meanD values (12)] of dogs (fig. S10). Negative values (red) indicate that the population sharesmore derived alleles with the EastAsian core,whereas
positive values (yellow) indicate a closer association with the Western Eurasian core.
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drawn from recent analyses of modern dog ge-
nomes (8, 9, 16).
We then used MSMC to compute divergence

times as a means to assess the time frame of the
shared population history among dogs, and be-
tween dogs and wolves. To obtain reliable time
estimates, we used the radiocarbon age of the
Newgrange dog to calibrate themutation rate for
dogs (12) (fig. S16). This resulted in a mutation
rate estimate of between 0.3 × 10−8 and 0.45 × 10−8

per generation, which is similar to that obtained
with an ancient greywolf genome (17). Using this
mutation rate, we calculated the divergence time
between the twomodernRussianwolves (18) used
in this study and themodern dogs to be 60,000 to
20,000 years ago (fig. S17 and Fig. 2B). This date
should not be interpreted as a time frame for
domestication, because the wolves we examined
may not have been closely related to the pop-
ulation(s) that gave rise to dogs (6).
These analyses also suggested that the diver-

gence between the East Asian and Western Eur-
asian core groups (~14,000 to 6400 years ago)
occurred commensurate with, or several millen-
nia after, the earliest known appearance of do-
mestic dogs in both Europe (>15,000 years) and
East Asia (>12,500 years) (1) (Fig. 2B and fig. S17).
In addition, admixture signatures from wolves
into Western Eurasian dogs most likely pushed
this estimated time of divergence deeper into the
past (12), meaning that the expected time of di-
vergence between the Eastern andWestern cores
is probably later than our estimate. These results

imply that indigenous populations of dogs were
already present in Europe and East Asia during
the Paleolithic (before this genomic divergence).
Under this hypothesis, this early indigenous dog
population in Europe was replaced (at least
partially) by the arrival of East Eurasian dogs.
To investigate this potential replacement, we

sequenced and analyzed 59 hypervariablemtDNA
fragments from ancient dogs spread across
Europe, and we combined those with 167 modern
sequences (12). Each sequence was then assigned
to one of four major well-supported haplogroups
(groups A to D) (19). Although the majority of
ancient European dogs belonged to either hap-
logroup C or D (63 and 20%, respectively), most
modern European dogs possess sequences with-
in haplogroups A and B (64 and 22%, respective-
ly) (Fig. 2, C to E). Using simulations, we showed
that this finding cannot be explained by drift
alone (12). Instead, this pattern arose from clear
turnover in the mitochondrial ancestry of Euro-
pean dogs, most likely as a result of the arrival of
East Asian dogs. This migration led to a partial
replacement of ancient dog lineages in Europe
that were present by at least 15,000 years ago (1).
Although the mtDNA turnover is obvious, the

nuclear signature reveals an apparent long-term
continuity. Assessments of ancestry in humans
have demonstrated that major (nuclear) turnovers
can be difficult to detect without samples from the
admixing population (11). A genome-wide PCA
analysis revealed that PC2 clearly discriminates
theNewgrange dog from othermodern dogs (fig.

S8), suggesting that this individual could pos-
sess ancestry from an unsampled population.
Our MSMC analysis revealed that the popula-

tion split between the Newgrange dog and the
East Asian core [asmeasured by cross coalescence
rate (CCR)] is older (on average) than the split
betweenmodernWesternEurasian andEastAsian
lineages (Fig. 2B). Simulations suggest that this
pattern could be explained by a partial replace-
ment model in which the Newgrange dog re-
tained a degree of ancestry from an outgroup
population (fig. S20, A and B) that was different
from modern wolves (12). Alternatively, this pat-
tern could also be explained by secondary gene
flow fromAsian dogs intomodern European dogs
(fig. S20C). Nevertheless, our simulations show
that secondary gene flow has a smaller effect on
CCR than the partial replacement model (fig.
S20, B and D). Moreover, secondary gene flow
cannot explain the placement of the Newgrange
dog on our genome-wide PCA (fig. S8). Overall,
these observations are consistent with a scenario
inwhich theNewgrange dog retained a degree of
ancestry from an ancient canid population that
falls outside of the variation of modern dogs, but
that is also different from modern wolves. This
pattern also suggests that the replacement of
European indigenous Paleolithic dogs may not
have been complete.
To assess the consilience betweenour results and

the archaeological record, we compiled evidence
for the earliest dog remains across Eurasia (Fig.
3A). We found that although dogs are present at

1230 3 JUNE 2016 • VOL 352 ISSUE 6290 sciencemag.org SCIENCE

Fig. 2. Effective population size, diver-
gence times, and mtDNA. (A) Effective
population size through time of East Asian
and Western Eurasian dogs and wolves
with MSMC. (B) CCR per year for each
population pair in Fig. 2A. The CCR rep-
resents the ratio of within- and between-
population CRs. The ratio measures the
age and pace of divergence between two
populations.Values close to 1 indicate that
both within and between CR are equal,
meaning that the two populations have not
yet diverged.Values close to 0 indicate that
the populations have completely diverged.
mu, mutation rate; g, generation time.
(C) Bar plot representing the proportion of mtDNA haplogroups at different time periods. (D) Locations of archaeological sites, with haplogroup proportions.
(E) Locations of modern samples, with haplogroup proportions.
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sites as old as 12,500 years in Eastern Eurasia
(China, Kamchatka, and East Siberia) and 15,000
years in Western Eurasia (Europe and the Near
East), dog remains older than 8000 years have
yet to be recovered in Central Eurasia (Fig. 3A
and table S7). Combined with our DNA analyses,
this observation suggests that two distinct pop-
ulations of dogs were present in Eastern and
Western Eurasia during the Paleolithic.
The establishment of these populations is con-

sistent with two scenarios: a single origin of
Eurasian dogs, followed by early transportation,
founder effects, isolation, and drift; or two inde-
pendent domestication processes on either side
of Eurasia. In the first scenario, the archaeolog-
ical record should reveal a temporal cline of the
first appearance of dogs across Eurasia stem-
ming from a single source. Given the current lack
of dog remains prior to 8000 years ago in Central
Eurasia, a scenario involving a single origin fol-
lowed by an early dispersal seems less likely.
Given our combined results, we suggest the

following hypothesis: Two genetically differenti-

ated and potentially extinct wolf populations in
Eastern (8, 9) and Western (7) Eurasia may have
been independently domesticated before the ad-
vent of settled agriculture (Fig. 3A). The eastern
dog population then dispersed westward along-
side humans at some point between 6400 and
14,000 years ago, into Western Europe (10, 11, 20),
where they partially replaced an indigenous
Paleolithic dog population. Our hypothesis re-
conciles previous studies that have suggested that
domestic dogs originated either in East Asia (9, 19)
or in Europe (7). For numerous reasons, the null
hypothesis should be that individual animal
species were domesticated just once (21). The
combined genetic and archaeological results
presented here, however, suggest that dogs, like
pigs (22), may have been independently domes-
ticated twice. Nevertheless, given the complexity
of the evolutionary history of dogs and uncertain-
ties related to mutation rates, generation times,
and the incomplete nature of the archaeological
record, our scenario remainshypothetical. Genome
sequences derived fromancient Eurasian dogs and

wolves, combined with detailed morphological
and contextual studies of the archaeological
remains, will provide the necessary means to
assess whether dog domestication occurred more
than once.
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Fig. 3. Archaeological evidence for the first appearance of dogs ac-
ross Eurasia and a model of dog domestication. (A) Map representing
the geographic origin and age of the oldest archaeological dog remains in Eurasia (12). (B) A suggested
model of dog domestication under the dual-origin hypothesis. An initial wolf population splits into
East and West Eurasian wolves that were then domesticated independently before becoming extinct
(as indicated by the † symbol). The Western Eurasian dog population (European) was then partially
replaced by a human-mediated translocation of Asian dogs at least 6400 years ago, a process that
took place gradually after the arrival of the eastern dog population.

RESEARCH | REPORTS

 o
n 

Ju
ne

 9
, 2

01
6

ht
tp

://
sc

ie
nc

e.
sc

ie
nc

em
ag

.o
rg

/
D

ow
nl

oa
de

d 
fr

om
 

http://science.sciencemag.org/


 (6290), 1228-1231. [doi: 10.1126/science.aaf3161]352Science 
Hänni, Daniel G. Bradley and Greger Larson (June 2, 2016) 
Christophe Hitte, Jean-Denis Vigne, Keith Dobney, Catherine 
Balasescu, Benjamin Gillet, Sandrine Hughes, Olivier Chassaing,
Mikhail V. Sablin, Stéphanie Bréhard, Marjan Mashkour, Adrian 
McCormick, László Bartosiewicz, Erika Gál, Éva A. Nyerges,
A. Dimopoulos, Anne Tresset, Marilyne Duffraisse, Finbar 
Linderholm, Valeria Mattiangeli, Matthew D. Teasdale, Evangelos
Ophélie Lebrasseur, Morgane Ollivier, Angela Perri, Anna 
Laurent A. F. Frantz, Victoria E. Mullin, Maud Pionnier-Capitan,
domestic dogs
Genomic and archaeological evidence suggest a dual origin of

 
Editor's Summary

 
 
 

, this issue p. 1228Science
domesticated from two separate wolf populations on either side of the Old World.
panel of dogs shows an old, deep split between East Asian and Western Eurasian dogs. Thus, dogs were
well as ancient dog mitochondrial DNA sequences. Comparing ancient dogs to a modern worldwide 

 describe high-coverage sequencing of the genome of an Irish dog from the Bronze Age aset al.Frantz 
The history of how wolves became our pampered pooches of today has remained controversial.

A dogged investigation of domestication

This copy is for your personal, non-commercial use only. 

Article Tools

http://science.sciencemag.org/content/352/6290/1228
article tools: 
Visit the online version of this article to access the personalization and

Permissions
http://www.sciencemag.org/about/permissions.dtl
Obtain information about reproducing this article: 

 is a registered trademark of AAAS. ScienceAdvancement of Science; all rights reserved. The title 
Avenue NW, Washington, DC 20005. Copyright 2016 by the American Association for the
in December, by the American Association for the Advancement of Science, 1200 New York 

(print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last weekScience 

 o
n 

Ju
ne

 9
, 2

01
6

ht
tp

://
sc

ie
nc

e.
sc

ie
nc

em
ag

.o
rg

/
D

ow
nl

oa
de

d 
fr

om
 

http://science.sciencemag.org/content/352/6290/1228
http://www.sciencemag.org/about/permissions.dtl
http://science.sciencemag.org/

