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DOG DOMesticatiON

Origins and diversity of 
Greenland’s Qimmit revealed with 
genomes of ancient and 
modern sled dogs
T. R. Feuerborn1,2,3,4,5*, M. Appelt6, K. Bougiouri7, L. Bachmann8,  
I. Broman Nielsen3,4, R. M. Buckley1, C. Egevang2,  
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The Qimmeq (Greenland sled dog) has worked continuously 
with the Inuit in Greenland for more than 800 years. However, 
they now face drastic population declines caused by climate 
change, urbanization, and competition from snowmobiles.  
This study sequenced 92 modern and ancient genomes to 
investigate how centuries of isolation shaped the regional 
Qimmeq populations and the impact of European contact.  
We found distinct regional populations and evidence for two 
migrations of dogs into Greenland with the Inuit from Canada. 
Furthermore, we found that there is minimal European ancestry 
in present day Qimmit and limited recent inbreeding despite low 
heterozygosity. These insights are critical for conservation 
efforts aimed at preserving the Qimmit amid environmental 
changes and cultural transitions.

Across the circumpolar Arctic, the ubiquitous presence of sled dogs, 
which have worked alongside humans for more than 9500 years, is a 
testament to the technological importance and cultural value of these 
dogs throughout the region (1, 2). Descended from a common ances-
tor and adapted to the demanding environment are the Arctic breeds 
we know today as the Siberian husky, Alaskan malamute, Samoyed, 
Canadian Inuit dog, and Qimmeq (also known as the Greenland sled 
dog) (1). Unique among these Arctic breeds is the Qimmeq (plural 
Qimmit). Unlike the other Arctic breeds, these dogs have continuous ly 
worked as sled dogs in the same region, with the same people, for 
nearly a millennium. Where other indigenous dog breeds have been 
replaced, heavily admixed with other dogs, or have been transitioned 
from working dogs to companion animals, the Qimmit have remained 
in their traditional role as sled dogs in Kalaallit Nunaat (Greenland). 
However, they are now faced with new pressures from climate change, 
urbanization, and globalization (3). These factors have already begun 
to have an impact as the number of Qimmit in Greenland dropped 
from ~25,000 in 2002 to ~13,000 in 2020 (3, 4). To reduce the introduc-
tion of pathogens and foreign dogs, restrictions have been placed on 

the movement of dogs in and out of the sledding district (Fig. 1A). In 
the face of diminishing sea ice and snow necessary for sledding, canine 
epidemics, and competition with snowmobiles, the human manage-
ment of the dogs must adapt to maintain a healthy population that 
can persist for millennia to come (3, 4). To characterize the past and 
present Qimmit, this study generated genomic data from dogs across 
Greenland to assess their regional differentiation and diversity.

The first introduction of dogs to the Americas occurred in the late 
Pleistocene, followed by the introduction of cultures associated with 
Palaeo- Inuit cultural complex around 5500 years before present (BP) 
(2, 5–9). Recent genetic evidence suggests that these populations have 
been replaced by the dogs accompanying the ancestors of the Yup’ik, 
Iñupiat, and Inuit from Siberia to Alaska around 1800 BP (2, 5, 6). 
Inuit lifeways evolved in northern Alaska and spread across the coast 
of the North American Arctic around 1000 BP (7, 10–14). The inclusion 
of dogs well adapted to the Arctic in the Inuit toolkit was likely a criti-
cal factor in their expansion (2). By 800 BP, the Inuit had reached the 
Thule district in northwest Greenland, spreading south around the 
coasts of the island during the late 13th century CE (11, 13, 15). Despite 
the tightly intertwined histories of the Qimmeq and Inuit, little is 
known about the relationships among the regional populations of dogs 
in Greenland after their settlement; of particular interest are the now- 
extinct communities in northeast Greenland.

The ongoing decrease of the Qimmeq population in Greenland under-
lines the importance of capturing the breadth of diversity present in the 
population(s) today to inform conservation strategies for these unique 
dogs. To characterize the population history of this last remaining indig-
enous sled dog population, we generated nuclear genomes to a mean 
depth of coverage per individual ranging from 0.1x to 30.6x for 92 dogs 
from across Greenland, dating from 800 BP to the modern day (Fig. 1A). 
We observed high levels of genetic drift, resulting in a very structured 
population of dogs that was maintained for centuries, with recent changes 
in regional diversity after the Danish- Norwegian colonization in 1721 CE.

Origin of Qimmit
We assessed the shared ancestry between the Qimmit and other dog 
breeds and populations using whole- genome data from 1998 canids (data 
S2), including 92 Qimmeq genomes newly generated for this study and 
representing three eras: (i) pre- European contact (hereafter “precontact”) 
dogs (n = 8) dating between the Inuit arrival in Greenland until the 
Danish- Norwegian colonization between 1721 and 1884 CE; (ii) postcon-
tact dogs (n = 21) from the period after recolonization until 1998 CE; and 
(iii) present- day Qimmeq genomes (n = 63) sampled after 1998 CE 
(Fig. 1A).

A neighbor- joining phylogenetic tree was constructed using identity- 
by- state (IBS) of pseudohaploid genotypes, including only transver-
sions, from precontact and postcontact Qimmit >0.9x coverage (n = 
23) and present- day Qimmit >3x coverage (n = 60), together with a 
black- backed jackal (Canis mesomelas) outgroup and a geographically 
balanced selection of wolves (n = 28) and dogs from East and Southeast 
Asia (n = 82), modern Europe (n = 106), ancient Europe (n = 11), West 
and South Asia and Africa (n = 51), and non- Qimmit Arctic dogs (n = 
39) (Fig. 1B and fig. S1). The shared origin of the Arctic dog populations 
is apparent in the tree, with Qimmit and a 3700- year- old dog from 
Alaska (Teshekpuk1) forming a monophyletic clade within a broader 
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clade that includes Siberian and Alaskan dogs, as well as an ~4000- year-  
old dog from Port au Choix, Canada (figs. S1 to S6). The close relationship 
between the Qimmit and Teshekpuk1, despite intervening millennia 
and a distance of >2000 km, lends support to the hypothesis that the 
Inuit settled the North American Arctic rapidly (13). Three dogs from 
Greenland (Nuuk2, Maniitsoq1, and QTQ11) are observed outside of 
the Qimmit clade and principal component analysis (PCA) cluster, 
indicating mixed ancestry (Fig. 1B and figs. S1 to S3).

The deep temporal coexistence among wolves and dogs along the 
Inuit migration route provided many opportunities for wolf- dog hybrid-
ization (16). Oral traditions of Thule Inuit, continuing to the present day, 
emphasize the deliberate hybridization of the Qimmeq with wolves to 
strengthen and reinvigorate the dog populations reinforced by pheno-
typic similarities (Fig. 1C) (17–20). Interbreeding was ostensibly accom-
plished by tethering a female dog in estrus outside of camp to attract 
a wolf mate (18, 19, 21). To test for an excess of allele sharing between 
Qimmit and wolves compared with other dog groups, D- statistics were 
calculated. Our results demonstrate a greater allele sharing between 
wolves and Arctic dogs relative to European and African dogs (Fig. 1D 
and fig. S7). However, compared with the 9500- year- old Zhokhov dog 
and Teshekpuk1, the precontact Qimmit have no apparent excess of 
sharing with wolves (Fig. 1D, ii), reflecting ancient introgression from 
wolves into the Arctic dog lineage before spreading into North America, 
as previously proposed (1, 22, 23). However, the positive signals can be 
seen in Zhokhov1, Teshekpuk1, and precontact Qimmit relative to 
present- day and some postcontact Qimmit, likely reflecting the loss of 
wolf alleles through drift and more recent European dog introgression 
(fig. S8). No signal was detected for recent hybridization between the 
Qimmeq and wolves in the current dataset. Qimmeq- wolf hybrids have 
been reported to form strong bonds with a single owner and often 
display aggression toward humans outside of their “family,” killing dogs 
from outside their team (20). This highly territorial behavior makes 
it difficult to integrate them with new owners and unfamiliar animals, 
likely leading to challenges in maintaining hybrids on teams and 

breeding beyond the F1 generation, similar to other working dog popula-
tions (18, 24). Furthermore, the current range of wolves in Greenland is 
restricted to the northern regions (25), reducing the overlap of wolves 
and Qimmit. Together, these factors have limited the impact of wolves 
on the ancestry of Qimmit. One caveat, however, is that oral traditions 
and the historical record indicate that hybridization has occurred, so 
hybrids either did not have a pervasive impact on Qimmit ancestry or, 
because of their rarity, were unsampled in this study.

Regional Greenland dog differentiation
Next, population structure in Qimmit was examined using whole- 
genome sequencing data. PCA demonstrated differentiation in regional 
populations reflecting geographic isolation after the arrival of the 
Qimmit to Greenland and the subsequent divergence of the Qimmit 
populations (Fig. 2A and figs. S2 and S3). Studies of humans showed 
clear population structure in their Inuit ancestry, with genetic differen-
tiation between the Tunu (east), Kitaa (west), and Avanersuaq (north) 
(26), reflecting the three distinct dialects of Greenlandic: Kalaallisut, 
Tunumiit oraasiat, and Inuktun, respectively (27, 28). These patterns 
are also evident in the results of our phylogenetic analysis, wherein 
Qimmit largely conform to clades corresponding to the regional dif-
ferentiation seen in the human populations (fig. S1). We identified an 
additional precontact northeast population that is unrepresented in 
human whole- genome datasets (fig. S1). The genetic drift of Tunu and 
Avanersuaq populations of Qimmit is clear, with the most recent indi-
viduals of the regional populations positioned at the extremes of PC2 
and the oldest Qimmit of Tunu and Kitaa clustering together. The mir-
rored population structure observed in the Qimmit and the Kalaallit, 
Inuit of Greenland, thus highlights the shared human- dog movements 
and geographical isolation.

To characterize the divergence and genetic differentiation within 
Greenland, genome- wide fixation index (FST) between populations, pair-
wise IBS, and identity- by- descent (IBD) distances between individuals 
were calculated. This study sequenced Qimmit genomes predating the 
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Fig. 1. Relationship of Greenland dogs to global dogs. (A) Qimmeq genomes sequenced to ≥0.1x coverage. Precontact (n = 8) ages were estimated from the archaeological 
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disappearance of Inuit from the northeast. Their disappearance fol-
lowed the only known contact in northeast Greenland between the Inuit 
and Europeans occurring in 1823 CE (29), thus generating the whole- 
genome insight into the relationship of these dogs and, by proxy, hu-
mans to the rest of Greenland. The absence of oral history, traditions, 
human genetics, and linguistics has resulted in archaeological evidence 
providing the only insight into the origin of the population (30–32). Our 
results show that precontact northeast Qimmit were a homogeneous 
population that shared the highest IBS and IBD with contemporaneous 
individuals from the northeast (fig. S6). When dogs outside of the region 
are considered, they have the lowest FST with precontact Qimmit of 
Kitaa (FST = 0.184), precontact Qimmit of Tunu (FST = 0.195), and post-
contact Avanersuaq Qimmit (FST = 0.202), suggesting a high level of 
differentiation through discontinued gene flow between the populations 
and drift over time (Fig. 2B). After the disappearance of the Inuit in the 
northeast, a permanent settlement, Ittoqqortoormiit, was established 
in 1925 CE, populated by Inuit and Qimmit from Tasiilaq, a settlement 
in Tunu (28). The discontinuity of precontact northeast Qimmit and 
the later postcontact and present- day Qimmit is apparent, as well as 
the connection to the Tunu Qimmit (Fig. 2, A and B, and figs. S4 to 
S6). Furthermore, a second population of Qimmit currently resides in 
Daneborg in northeast Greenland, managed by the Danish SIRIUS Patrol 
established in 1950 CE. The SIRIUS Patrol dogs (SPDs) were brought from 
settlements in Kitaa (33), and the relationship between SPDs and Kitaa 

Qimmit can be seen through the PCA, FST, 
neighbor- joining tree, and outgroup F3 
(Fig. 2, A and B, and figs. S1 to S5).

The divergences of precontact dog pop-
ulations in Greenland were estimated with 
demographic modeling using Fastsimcoal2 
on imputed genotypes from precontact 
northeast Qimmeq with GLIMPSE1 and 
present- day Qimmit genotypes called 
with GATK (34–38). We tested four topolo-
gies (fig. S9) to model the time of divergence 
of the regional Qimmit populations, and 
150 replicates were generated using the 
same parameters for each model. Model4, 
testing the most recent divergence of the 
precontact northeast Qimmit from Tunu, 
yielded the worst fit, thus refuting a south-
ern origin of the northeast Qimmit (figs. 
S9 and S10). These results corroborate ar-
chaeological evidence showing typological 
similarities between northeast Qimmit 
and Avanersuaq Qimmit (30). Model 2 
showed the best delta likelihood and 
Akaike information criterion (figs. S9 
and S10) and supports a two- wave process 
for the settlement of Greenland. Using a 
3- year generation time, the replicate with 
the best fit for Model2 estimates the di-
vergence of Avanersuaq from the ances-
tral population ~1164 years ago (~388 
generations), followed quickly by the di-
vergence of the northeast Qimmit from 
the Avanersuaq Qimmit ~1146 years ago 
(~382 generations), assuming a generation 
time of 3 years (Fig. 2C and fig. S10, D to 
K). A later divergence from the ancestral 
population ~930 years ago (310 genera-
tions) gave rise to the most common 
ancestor of Kitaa and Tunu Qimmit. These 
populations then diverged ~792 years 
ago (~264 generations). Al though three 

models received similar support, the one with the highest likelihood 
agreed with archaeological evidence indicating a three- phase model 
for the peopling of Greenland by the Inuit (39). The dogs of the 
northeast and Avanersuaq may descend from the “explorative” phase, 
whereas the Kitaa and Tunu Qimmit descend from the later “pioneer” 
or “settling” phases in the 14th century CE (39). Furthermore, these 
results corroborate the designation of the Qimmit as one of the oldest 
dog breeds (40); in fact, each regional population of Qimmit predates 
the establishment of most European breeds during the Victorian Era. 
These results shed light on the movement and timing of the arrival 
of the Inuit to Greenland: Either the divergence of Qimmit popula-
tions predated the arrival of the Inuit or their arrival occurred more 
than a century earlier than was previously thought (Fig. 2D).

To examine the consequence of the long- term isolation of the dog 
populations of Greenland, autozygosity was calculated through FRoH, 
indicating the fraction of the genome found within runs of homozygosity 
(RoHs) using PLINK1.9 on the present- day and imputed precontact and 
postcontact Qimmit (see the supplementary materials) (41, 42). We 
found that the precontact Qimmeq of Kitaa and Tunu had lower levels 
of autozygosity (FRoH = 20.8 to 47%) compared with the northeast 
Qimmit (FRoH = 47.7 to 72.7%) (Fig. 2E). HeklaHavn1 showed the highest 
level of autozygosity (FRoH = 66.5%) compared with all precontact dogs. 
All three dogs at the site originate from unknown stratigraphic con-
texts excavated from house ruins in 1891 CE. Elevated DNA degradation 
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patterns in HeklaHavn2 suggest that the specimen may be older than 
the other two dogs from the site (fig. S11). The higher levels of autozygos-
ity in the precontact northeast support the argument for a small popula-
tion size there and the cessation of immigration into the region after 
the 15th century CE, as indicated by the archaeological record (30).

Impacts of contact with Europeans and colonization  
on the Qimmit
To determine the genetic impact of European contact on the Qimmit, 
changes in diversity and European dog introgression were evaluated. 
After 985 CE, it is known that Norse settlements were established in 
southwestern Greenland, but the degree of interaction between the 
Norse and their Inuit contemporaries remains unclear (43, 44). These 
settlements were located south of the current boundary of the sledding 
district. The demise of the Norse settlements in Greenland in the 15th 
century CE led to the cessation of sustained contact between Europe 
and Greenland until Danish- Norwegian colonies, missions, and trade 
stations were established in Kitaa from 1721 CE and in Tunu in 1884 CE. 
However, between 1600 and 1800 CE, European vessels visited Greenland 
on an annual basis. An excess of allele sharing between each Qimmeq 
and 72 modern European breeds was tested using D- statistics, and sig-
nificant results are indicated by a Z score under –3. The admixture frac-
tion was computed with ADMIXTOOLS f4 ratio (45). Our results show 
that dogs from before Danish- Norwegian colonization in Greenland 
(1721 CE in Kitaa and 1884 CE in Tunu) did not have an excess of allele 
sharing with European dogs (Fig. 3A). This suggests, as is the case with 
humans, that there is no genetic evidence for gene flow between the 
Inuit and Norse populations of Greenland (26, 46). However, by the 
turn of the 20th century, admixed dogs were present on the west coast, 

corroborating the neighbor- joining tree and PCA results (Fig. 1B and 
figs. S1 to S3 and S12). Two of the three admixed dogs originated from 
towns outside of the dog sledding district. One of the dogs, Maniitsoq1 
(f4 ratio = 0.45), is thought to have been the last “Labrador dog” of 
Greenland, a distinct population with sleek black fur valued for fur cloth-
ing that died in 1958 CE (Fig. 3A). The origin of Greenland’s Labrador 
dogs is unknown, including whether they descended from the dogs in-
troduced after the colonization or from earlier contact with the dogs of 
European whalers (18). A second postcontact dog, Nuuk2, which is dated 
to 1882 CE, had a high level of European ancestry (f4 ratio = 0.71). Nuuk2 
may have also been a Labrador dog in light of the high level of European 
ancestry and the dark color of its fur (Fig. 3B). The connection between 
the label “Labrador” for these dogs to either Labrador retriever–related 
dog breeds or Canada’s Labrador region is unclear. Our IBD analyses did 
not identify extensive sharing between the mixed dogs and other breeds, 
including breeds in the retriever group, suggesting that the dark- coated 
“Labrador” dogs in Greenland were a heterogeneous population with no 
connection to retriever breeds (Fig. 3C and figs. S1 and S13).

We found low levels of European ancestry in the present- day Qimmit, 
with a mean f4 admixture ratio of 0.09 across the population and only 
53.5% (n = 38) showing a signal for European ancestry (Fig. 3A). This 
differs from the prevalence of European ancestry in the present- day 
human Greenlandic population, where ~80% of the population were 
stated to have ~0.25 proportion of their ancestry from Europe (26). The 
low levels of IBD sharing between the highly admixed Qimmit and 
non- Arctic dog breeds suggest that the European introgression was not 
recent or did not involve purebred dog breeds (Fig. 3C). Although less 
prevalent in dogs, the distribution of European ancestry in humans and 
dogs mirrors each other, with the settlements in the north and southeast 
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Fig. 3. European dog introgression. (A) Admixtools f4 ratio results for the mean across European dogs for introgression into Qimmit with BBJ outgroup using the following 
formula: f4(precontact Qimmeq, BBJ; target, basenji)/f4(precontact Qimmeq, BBJ; European breed, basenji), after a significant (Z < –3) D- statistic test. The minimum and 
maximum mean f4 ratios for breeds are indicated with SE bars. For all individuals without significant D- statistic tests, a single ancestry origin was modeled, indicated with white 
hashed bars. (B) Photo of Nuuk2 parka with dark fur. [Photo by Roberto Fortuna courtesy of National Museum of Denmark] (C) IBD sharing of three mixed dogs with breeds 
compared with the violin plot of mean sharing between Qimmeq and other breeds. (D) Effective population size (Ne) for present- day Qimmit from towns with ≥4 genomes 
estimated using GONE. Ne for towns with at least one Qimmeq with f4 ratio ≥ 0.2 are indicated with a dotted line. (i) maximum value of recombination rate (hc = 0.05).  
(ii) Maximum value of recombination rate (hc = 0.01) corrected for recent migrants.
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carrying less European ancestry, corresponding to their greater isolation 
from Europe (26). Kitaa had the highest prevalence of European ancestry, 
observed in 30 of the 54 dogs (55.6%), with f4 ratios ranging from 0 to 
0.54. The highest f4 ratio fraction for European ancestry was identified 
in a dog from Qeqertarsuaq (QTQ11), confirming mixed ancestry of the 
dog with known phenotypic differences. Compared with other Arctic 
breeds, including Alaskan malamutes and samoyeds, the present- day 
Qimmit has substantially lower levels of European ancestry (Fig. 3C). 
Illumina CanineHD Whole-Genome BeadChip have revealed that 
European gene flow into the Siberian husky was differentially dependent 
on the subset of the population studied, and that European introgression 
has been most widespread in the racing dogs (23). The limited European 
dog ancestry in the Qimmit underlines success of policies in Greenland 
to preserve the Qimmeq, including the advised cessation of dog importa-
tions in 1904 CE and legislation restricting the importation of dogs to 
settlements within the sled dog district (Fig. 1A) in 1998 CE (47). However, 
estimates of the effective population size shows an accelerated decline 
in the past 150 years consistent with recent reduction in the census 
population since 1990 CE, after accounting for the recent introgression 
(Fig. 3D and fig. S14) (4).

Although other dog populations across the Americas were being heav-
ily mixed or replaced with European dogs, the number of Qimmit was 
declining, reflecting that maintaining the dogs in isolated populations 
could have resulted in substantial inbreeding. To investigate this pos-
sibility, we evaluated the diversity of the present- day Qimmit compared 
with their precontact and postcontact ancestors. Heterozygosity and 
RoH were calculated for each individual using imputed genotypes 
for the precontact and postcontact and GATK called present- day 
Qimmit genotypes using PLINK1.9 according to Meadows et al. with 
modified missingness (–homozyg- window- missing 10) and heterozy-
gosity (–homozyg- window- het 5) tolerated 
per window (–homozyg- window- snp 100) 
to compensate for the reduction in sites in-
cluded when removing transitions (41, 42). 
A secondary hidden Markov model (HMM)– 
based method was implemented to identify 
genomic segments depleted of heterozy-
gous genotype calls (see the supplementary 
materials). Comparison of PLINK-  and 
HMM- based identification of RoH re-
vealed that both methods had highly con-
cordant FRoH proportions and positions 
of RoH segments ( jaccard mean = 0.69) 
(fig. S15 and data S6). Across the dataset 
of modern and ancient genomes, PLINK 
consistently reported a greater volume 
and shorter RoHs (figs. S15 to S17). The 
HMM method identified longer segments, 
reflecting regions with lower than the me-
dian heterozygosity across an individual’s 
genome, as opposed to unbroken stretches 
of homozygosity, because of the unlimited 
number of heterozygous sites tolerated 
(fig. S16). We found that the total length of 
the genome composed of RoH in present- 
day Qimmit is within the range of modern 
breed dogs (Fig. 4B and figs. S15 and S16). 
Distinct from other breeds with pedigree- 
based breeding strategies, Qimmit have a 
greater number of RoHs than breeds with 
pedigree- based breeding strategies de-
tected with both methods (Fig. 4B and figs. 
S15 and S16). Qimmit show comparable 
levels of FRoH and volume of runs to the 
free- breeding populations of dingoes and 

New Guinea singing dogs (Fig. 4B and figs. S15 and S16). Parallels can 
be drawn between the histories of the dingo, New Guinea singing dog, 
and Qimmeq populations, including the substantial bottleneck during 
the founding of the population and long- term isolation of the populations.

We also observed regionally specific changes in diversity in the 
Qimmeq populations between the precontact era and the present day. 
In Tunu, our results reveal a trend of decreasing heterozygosity and 
inflating FRoH, reflecting an increased accumulation of RoHs, until 
the early colonization period (Fig. 4, A and B, and fig. S16). This co-
incides with declining conditions in Tunu in the 19th century, including 
the loss of ~20% of the human population between 1884 and 1894 CE 
to famine (48). The dog population thus mirrors an extended period 
of adverse circumstances in Tunu. The elevated FRoH of Tunu parallels 
that observed in the northeast, foreshadowing the possi ble fate of 
the Qimmit of Tunu. Fortunately, the heterozygosity of the present- 
day Qimmit of Tunu has rebounded since the early 20th century, 
coinciding with urbanization through the emigration of small, local 
groups of dogs to larger settlements, increasing the availability of 
unrelated mates and reducing the RoH without introducing high 
levels of European ancestry. In Avanersuaq, heterozygosity decreased 
between 1977 CE and the present day, which may reflect the genetic 
impact of the disease outbreaks in the region; e.g., the 1988 CE dis-
temper epi demic in Qaanaaq resulted in the loss of ~80% of dogs 
(Fig. 4C) (49, 50). Reflective of the larger settlement density, the 
Qimmit of Kitaa has the greatest range of heterozygosity (0.047 to 
0.199) and FRoH (0.104 to 0.535) (Fig. 4, A and C). Furthermore, we 
identified only three pairs of related individuals (second degree or 
closer). This suggests that the relatedness between teams of dogs 
is low, reflecting our success in sample selection aimed at sampling 
un related Qimmit (Fig. 4C, data S3, and fig. S18). Calculation of the 
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indicated with dashed lines.

D
ow

nloaded from
 https://w

w
w

.science.org on July 11, 2025



ReseaRch aRticles

Science 10 July 2025 168

genetic load through the presence of derived alleles at sites with high 
levels of conservation (>1.5 phyloP) across 240 mammalian species 
revealed that proportion of genetic load in the realized, homozygous 
state was highest in the postcontact Tunu and northeast Qimmit. 
The proportion of homozygous genetic load was variable across the 
present- day Qimmit, suggesting the possibility that deleterious al-
leles may become fixed if the population size shrinks and inbreeding 
increases (fig. S19). Sinding et al. identified several putative genes that 
have contributed to the adaptation of Qimmit to a high- fat diet, po-
tentially pain tolerance and thermoreception, and the management of 
exercise- induced hypoxia (1). Unexpectedly, the heavy artificial and 
natural selection that Qimmit have faced has facilitated shaping a 
healthy population of dogs despite the small population and high 
levels of RoH. Survival in the Arctic and performance as a sled dog 
have been the primary pressures shaping the dogs.

To date, the study of dogs using ancient DNA has focused on broad 
time frames and geographical scales. The results of this study present 
the foundation for future work using time- series genomes from re-
gional populations to study the local evolution of animals shaped by 
humans and environments. In this study, the breadth of the Qimmeq 
population currently residing in Greenland has been captured at a 
critical moment, when the rapidly disappearing sea ice in Greenland, 
which is relied upon for dog sledding, and transition away from tra-
ditional lifestyles have already contributed to a shrinking number of 
dogs. The present- day Qimmit is composed of three distinct popula-
tions resulting from centuries of isolation and two recently founded 
populations in northeast Greenland. Each of these populations has 
experienced unique demographic histories with fluctuations in diver-
sity, as seen through the heterozygosity and RoH. Our genetic evidence 
for the divergence of the northeast Qimmit from the other regions of 
Greenland and Canada sheds light on the history of their Inuit coun-
terparts from the region and underlines the value of studying human 
migrations through the parallel histories of their dogs. These insights 
into the Qimmit provide a baseline for levels of inbreeding and intro-
gression that can serve as a foundation for informed management 
aimed at the preservation of these remarkable dogs. Studies such as 
this demonstrate the relevance of paleogenomic insight into current 
conversations and decisions centered around conservation and pres-
ervation of culturally significant species.

ReFeReNces aND NOtes

 1. M. S. Sinding et al., Science  368, 1495–1499 (2020). 
 2. C. Ameen et al., Proc. Biol. Sci.  286, 20191929 (2019). 
 3. C. Sonne et al., Science  360, 1080 (2018). 
 4. C. Egevang, Qimmeq: The Greenland Sled Dog (Alle Alle Publishing, 2020).
 5. S. K. Brown, C. M. Darwent, B. N. Sacks, J. Archaeol. Sci.  40, 1279–1288 (2013). 
 6. M. Ní Leathlobhair et al., Science  361, 81–85 (2018). 
 7. O. Mason, in The Oxford Handbook of the Prehistoric Arctic, M. F. And, Ed. (Oxford Univ. 

Press, 2016); pp. 489–512.
 8. B. Grønnow, The Frozen Saqqaq Sites of Disko Bay, West Greenland. Qeqertasussuk and 

Qajaa (2400 – 900 BC) (Museum Tusculanum Press, 2017).
 9. R. S. Davis, R. A. Knecht, Alaska J. Anthropol.  3, 51–65 (2005); https://www.alaskaanthropology. 

org/wp- content/uploads/2017/08/Vol_3_2- Article- 2- Davis- Knecht.pdf.
 10. S. Desjardins, A. B. Gotfredsen, in The Atlantic Walrus, X. Keighley, P. Jordan, M. T. Olsen,  

S. Desjardins, Eds. (Academic Press, 2021); pp. 121–146.
 11. P. Whitridge, in The Oxford Handbook of the Prehistoric Arctic, M. Friesen, O. Mason, Eds. 

(Oxford Univ. Press, 2016), pp. 827–850.
 12. M. Raghavan et al., Science  345, 1255832 (2014). 
 13. M. Friesen, in The Oxford Handbook of the Prehistoric Arctic, M. Friesen, O. Mason, Eds. 

(Oxford Univ. Press, 2016); pp. 673–692.
 14. T. M. Friesen, Arctic  68, 3 (2015). 
 15. R. McGhee, Polarjorschung  54, 1–7 (1984); https://core.ac.uk/download/pdf/11771141.pdf.
 16. M. Pilot et al., Evol. Appl.  11, 662–680 (2018). 
 17. G. M. Allen, Bull. Museum. Comp. Zool.  63, 431–517 (1920); https://archive.org/details/biostor- 936.
 18. M. Degerbøl, P. Freuchen, Mammals: Report of the Fifth Thule Expedition 1921- 24. The 

Danish Expedition to Arctic North America in Charge of Knud Rasmussen (Gyldendaslke 
Boghandel, 1935).

 19. M. Lindsay, Geography J.  85, 393–403 (1935). 

 20. M. Lund Jensen, M.- H. Sinding, Etud. Inuit  47, 359–380 (2023). 
 21. M. Hindrikson, P. Männil, J. Ozolins, A. Krzywinski, U. Saarma, PLOS ONE  7, e46465 (2012). 
 22. P. Skoglund, E. Ersmark, E. Palkopoulou, L. Dalén, Curr. Biol.  25, 1515–1519 (2015). 
 23. T. A. Smith, K. Srikanth, H. J. Huson, Genome Biol. Evol.  16, evae190 (2024). 
 24. D. Coutinho- Lima et al., iScience  27, 110396 (2024). 
 25. O. Bennike, M. Meldgaard, J. Heinemeier, N. Rud, Holocene  4, 84–88 (1994). 
 26. I. Moltke et al., Am. J. Hum. Genet.  96, 54–69 (2015). 
 27. M. Lidegaard, Grønlands Historie (Nyt Nordisk Forlag, 1991).
 28. E. Rosing, Qimusseq: Assilissanut Nassuiaatit (Teksthæfte, 1976).
 29. D. C. Clavering, J. Smith, The Edinburgh New Philosophical Journal  9, 1–14 (1830);  

https://books.google.com/books?id=xiAAAAAAMAAJ&pg=PA1#v=onepage&q&f=false.
 30. M. Sorensen, H. C. Gullov, Arctic Anthropol.  49, 88–104 (2012). 
 31. H. Larsen, T. Sørensen, Dødemandsbugten: An Eskimo Settlement on Clavering Island; 

Treaarsexpeditionen Til Christian Den X’s Land 1931- 34 (C.A. Reitzels, 1934).
 32. T. Mathiassen, Prehistory of the Angmagssalik Eskimos (C.A. Reitzels, 1933).
 33. J. Bjerre, Sirius -  Danmarks slædepatrulje i Nordøstgrønland (Komma, 1984).
 34. L. Excoffier, H. E. L. Lischer, Mol. Ecol. Resour.  10, 564–567 (2010). 
 35. L. Excoffier et al., Bioinformatics  37, 4882–4885 (2021). 
 36. N. Marchi, A. Kapopoulou, L. Excoffier, Mol. Ecol. Resour.  24, e13877 (2024). 
 37. S. Rubinacci, D. M. Ribeiro, R. J. Hofmeister, O. Delaneau, Nat. Genet.  53, 120–126 

(2021). 
 38. K. Bougiouri et al., Imputation of ancient canid genomes reveals inbreeding history over the 

past 10,000 years. bioRxiv 585179 [Preprint] (2024); https://doi.org/10.1101/2024.03.15.585179.
 39. A. Mønsted et al., Arctic Anthropol.  59, 3–38 (2023). 
 40. Guinness World Records, “Oldest dog breed” (2020); https://www.guinnessworldrecords.

com/world-records/oldest-dog-breed.html.
 41. J. R. S. Meadows et al., Genome Biol.  24, 187 (2023). 
 42. C. C. Chang et al., Gigascience  4, 7 (2015). 
 43. G. Jones, The Norse Atlantic Saga: Being the Norse Voyages of Discovery and Settlement to 

Iceland, Greenland, and North America (Oxford Univ. Press, 1965).
 44. H. C. Gulløv, J. N. Atlantic  1, 16–24 (2008). 
 45. N. Patterson et al., Genetics  192, 1065–1093 (2012). 
 46. A. Margaryan et al., Nature  585, 390–396 (2020). 
 47. S. Hjortlund, in Meddelelser fra Direktoratet for den kongelige grønlandske handel for 

aarene (J. H. Schultz, 1907); pp. 57–81.
 48. E. Mikkelsen, Scott. Geogr. Mag.  64, 17–24 (1948). 
 49. J. Bohm, M. Blixenkrone- Møller, E. Lund, Arctic Med. Res.  48, 195–203 (1989). 
 50. I. K. MacRury, The Inuit Dog: Its Provenance, Environment, and History (Inuit Sled Dog 

International, 1991).

acKNOWleDGMeNts
We thank the Greenland Self- Government for giving us permission and encouragement for 
this research; Kalaallit Nunaanni Qimussertartut Kattuffiat (KNQK), M. Jeremiassen, and  
D. Jakobsen Jensen for their role in sharing knowledge about the dogs and facilitating sample 
collection; the dog mushers of Greenland who shared their time, knowledge, and dogs  
to bring this project to realization; P. Arnfjord for translating the abstract to Greenlandic;  
the Danish National High- Throughput Sequencing Centre and BGI- Europe for assistance in  
DNA sequence generation; and the Danish National Supercomputer for Life Sciences – 
Computerome (https://computerome.dtu.dk), the National Institutes of Health, and the 
NHGRI BIOWULF cluster for the computational resources. Funding: This work was supported 
by the NHGRI at the NIH (grant HG200377 to T.R.F., A.S.A., R.M.B., and E.A.O.); European 
Union’s EU framework program for research and innovation Horizon 2020 (grant 676154 to 
T.R.F.); the Qimmeq Project from the Velux Foundations and the Aage og Johanne 
Louis- Hansens Fond (T.R.F., C.E., M.- H.S.S., M.L.J., U.M., M.M., and A.J.H.); the Danish National 
Research Foundation (grant DNRF143 to T.R.F.); Independent Research Fund Denmark (grant 
8028- 00005B to M.- H.S.S.); and the Carlsberg Foundation (grant CF20- 0355 to M.- H.S.S.). 
Author contributions: Conceptualization: T.R.F., M.- H.S.S., A.J.H., M.M.; Funding acquisition: 
M.- H.S.S., A.J.H., M.M., M.T.P.G., E.A.O.; Investigation: T.R.F., K.B., A.S.A.; Methodology: T.R.F., 
M.- H.S.S., I.B.N., P.F.D.- M., A.J.H., S.G., R.M.B.; Project administration: M.- H.S.S., A.J.H.,  
M.M., E.A.O.; Sample collection and logistics: T.R.F., M.- H.S.S., C.E., M.L.J., U.M., A.J.H., M.M., 
M.A., A.B.G., K.M.G., A.L.S., B.G., L.B., Å.M., Ø.W.; Supervision: M.- H.S.S., A.J.H., L.D., E.A.O.; 
Visualization: T.R.F., E.V.; Writing – original draft: T.R.F., M.- H.S.S., A.J.H., E.A.O.; Writing – 
review & editing: L.A.F., M.M., B.G., M.A., A.L.S., E.V., C.E., M.L.J., U.M., K.B., G.Z., A.B.G., L.B., 
Å.M., Ø.W., M.T.P.G., L.D. Competing interests: The authors declare no competing interests. 
Data and materials availability: Raw sequencing data can be accessed at the NCBI Short 
Read Archive under BioProject PRJNA1220055. The reference panel used for imputation and 
sites genotyped in the ancient dataset is available on ERDA (https://sid.erda.dk/sharelink/
d1p5Gd2PaB) with a comprehensive description of the methods available on bioRxiv (38). 
License information: Copyright © 2025 the authors, some rights reserved; exclusive 
licensee American Association for the Advancement of Science. No claim to original US 
government works. https://www.science.org/about/science-licenses-journal-article-reuse

sUPPleMeNtaRY MateRials
science.org/doi/10.1126/science.adu1990
Materials and Methods; Supplementary Text; Figs. S1 to S21; Table S1; References (51–96); 
Data S1 to S6

Submitted 28 October 2024; accepted 19 May 2025

10.1126/science.adu1990

D
ow

nloaded from
 https://w

w
w

.science.org on July 11, 2025

https://www.alaskaanthropology.org/wp-content/uploads/2017/08/Vol_3_2-Article-2-Davis-Knecht.pdf
https://www.alaskaanthropology.org/wp-content/uploads/2017/08/Vol_3_2-Article-2-Davis-Knecht.pdf
https://core.ac.uk/download/pdf/11771141.pdf
https://archive.org/details/biostor-936
https://books.google.com/books?id=xiAAAAAAMAAJ&pg=PA1#v=onepage&q&f=false
https://books.google.com/books?id=xiAAAAAAMAAJ&pg=PA1#v=onepage&q&f=false
https://doi.org/10.1101/2024.03.15.585179
https://www.guinnessworldrecords.com/world-records/oldest-dog-breed.html
https://www.guinnessworldrecords.com/world-records/oldest-dog-breed.html
https://computerome.dtu.dk
https://sid.erda.dk/sharelink/d1p5Gd2PaB
https://sid.erda.dk/sharelink/d1p5Gd2PaB
https://www.science.org/about/science-licenses-journal-article-reuse
https://science.org/doi/10.1126/science.adu1990

	Origins and diversity of Greenland’s Qimmit revealed with genomes of ancient and modern sled dogs
	Origin of Qimmit
	Regional Greenland dog differentiation
	Impacts of contact with Europeans and colonization on the Qimmit
	REFERENCES AND NOTES
	Acknowledgments


