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   Getting to know ancient dogs through a genomic approach

Sampling size per
site

This oldest Romanian dog
groups  with the oldest  Israeli
and Iranian dogs rather than
with the oldest from Russia
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MODERN CANFAM3.1 [4] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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e C89_Ajvide_Sweden_HgC_4800 [1] 1 1 3 1
NGD_Newgrange_Ireland_HgC_4800 [2] 1 1 1 1 1 1 1 3 1 3 1 1 1 1 1 1 3 3 1
JK2174_Hohle-Fels_Germany_WOLF_31364 [1] 1 1 1 1 1 1 1 1 1 1 1 1 3
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WF28_Portugal_Hg?_950 1

putelat_Marlenheim_France_HgA_1200 1 1 1 1 1 1 3 1 2 1 1 1 1 1 1 3 1 1

WF37_Merida_Spain_HgA_1835 3 3 1

WF36_Merida_Spain_HgA_1847 1 1 1 1 3

WF63_Mérida_Spain_Hg?_1859 3

WF39_Merida_Spain_HgA_1930 1 1 1

1714_Can Roqueta_Spain_HgD_2650 1

AL2397_Belverde-di-Cetona_Italy_HgC_4000 [1] 1 1 1 1 3
ALPO01_Alymas-Podunavlje_Croatia_HgA_4500 [1] 1 3 3 1
H10_France_5550 [5] 1 2
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WOLF_Rom_Pal_1844 1 1 1 1 1 3 1
WOLF_Rom_Neo_1846 1 3
1838_Vitanesti_Romania_HgC_5543 1

1952_Hârsova tell_Romania_HgD_6138 1 1 1

1804_Hârsova tell_Romania_HgD_6138 1 2 1 1 1

1806_Hârsova tell_Romania_HgD_6138 1 2 1 1 1 1 1 1

1808_Hârsova tell_Romania_HgD_6138 1 1 1 1 3 1

1937 Hârsova tell Romania HgD 6138 1 1 3 1 3 1 1

1941_Hârsova tell_Romania_HgD_6138 2 1 1 3 1 1 3 3 3 1 3 3 1

1942_Hârsova tell_Romania_HgD_6138 3

1946_Hârsova tell_Romania_HgD_6138 3 3 1 1

1831_Vitanesti_Romania_HgC_6255 3 3 1 1 3 1 1 1

1661_Hârsova tell_Romania_HgD_6238 1

1690_Hârsova tell_Romania_HgD_6238 1

1801_Hârsova tell_Romania_HgD_6238 1 3

1807_Hârsova tell_Romania_HgA_6386 3 1 1 1 1 1 1 1 3 1

1947_Hârsova tell_Romania_HgD_6386 1

1588_Popina-Bordusani_Romania_HgD_6315 1

1933_Popina-Bordusani_Romania_HgD_6315
3 1 1 1 1 1 3 1 3 3 3 1 1 3 3 1

1934_Popina-Bordusani_Romania_Hg?_6315 1

1943_Popina-Bordusani_Romania_Hg?_6213 1 1

AL3185_Pietrele_Romania_WOLF_6307 [1] 3 1 1 1 1 1 1 1 1 3 1
1939_Popina-Bordusani_Romania_HgD_6315 1 1 1 1 1 1 3

1953_Popina-Bordusani_Romania_HgD_6315 3 1 2 1 1 2 1 3 1

1955_Popina-Bordusani_Romania_HgD_6315 1 1 3

1956_Popina-Bordusani_Romania_HgD_6315 1 3 3 1

1960_Popina-Bordusani_Romania_HgD_6315
3 1 1 1 1 1 1 1 3 1 1 3 3 1

989_Popina-Bordusani_Romania_HgD_6315
3

1819_Bordusani_Romania_HgD_6328
3 1 1 1 1 2 1 3 3 1 1 3 3 1

1821_Bordusani_Romania_HgD_6328 3 1 1 1 1 1 1 1 1 3 3 1

1822_Bordusani_Romania_HgD_6328
1 1 1 1 3 2 1 1 3 1

OL4222_Skoteini-cave_Greece_HgD_6544 [1] 2 1 1 3 1
1931_Hârsova tell_Romania_HgA_6575 3

1938_Hârsova tell_Romania_Hg?_6575 3

1940_Hârsova tell_Romania_HgD_6575 1

1948_Hârsova tell_Romania_HgD_6575 3

1949_Hârsova tell_Romania_HgD_6575
3 1 2

1950_Hârsova tell_Romania_HgA_6575 1 1 3

1954_Hârsova tell_Romania_HgA_6575 3

1575_Isaccea_Roumanie_HgD_6600 3

1815_Icoana-1969_Romania_HgC_9950 1 1 1 1 1 3 1

1845_Pestera Climente_Romania__Hg?_31950 1

1844_Pestera Climente_Romania_WOLF_31950 1 1 1 1 1 3 1
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AL2022_Marmara-region_Turkey_HgA_1565 [1] 1 1 1 1 1 1 1 3 1
UZAA02_Uza_Israel_HgA_1600 [1] 1 1 1 1 1 3 1 1 1 1 1 1 2 2 1 1
ASHQ01_Ashkelon_Israel_HgA_2300 [1] 1 1 1 1 3 1 1 3 1
ASHQ06_Ashkelon_Israel_HgA_2300 [1] 1 1 1 1 1 3
ASHQ08_Ashkelon_Israel_HgA_2300 [1] 3 1 3 1 1 1
1909_Tepe Hasanlu_Iran_HgG_2650 1

1910_Tepe Sagzabad_Iran_HgA_2933 1 1 3 1 1 1 1 3 1

1907_Qoli Darvish_Iran_HgA_4500 1

AL2350_Botai_Kazakhstan_WOLF_5169 [1] 1 3 1 2 1
1916_guela g'ap /  Qela gap_Iran_6000 3

1850_Mentesh Tepe_Azerbaijan_HgB_6950
1 3 1 3

738_Tepe Sang e Chakhmaq E_Iran_HgD_7186 1 1

1914_Tepe Sang e Chakhmaq E_Iran_HgD_7400 3 1

AL2744_Razboinichya_Altai_WOLF_28345 [1] 3 1 1 1 1 1 1 1 1 1 1

We
ste
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e C32_Bulgunnyakhtakh-lake_Russia_HgA_100 [1] 2 1 1 1 1 1 1 2 1 1 1 1 1 3 3 1

OL4061_Veretye_Russia_HgA_10930 [1] 1 1 1 1 1 1 1 3
Taimyr-1_Taimyr-Peninsula_Siberia_WOLF_34902 [1][7] 1 1 1 1
JAL385_Smith-Gulch_Alaska_WOLF_37616 [1] 3 1 1 1 1 1 1 1 1 1 1 1 1 3 3 1

CA
NI

Ds

IbeWOLF_1 [8] 3 1 1 1 1 1 1 3 1 1 1 1 1 1 1 1 1 3 1
IbeWOLF_2 [8] 3 1 1 1 1 1 1 3 1 1 1 1 1 1 1 1 2 3 1
Grey-Wolf-2 [6] 1 1 1 1 1 3 1 1 1 1 1 1 1 1 3 3 1
Wolf-1 [6] 1 1 1 1 1 3 1 1 1 1 1 1 1 1 1 3 1
SRR8049194_Syria_GreyWolf [3] 3 1 1 1 1 1 1 3 1 1 1 1 1 1 1 1 3 3 1
Coyote-1 [6] 1 1 1 1 1 3 1 1 1 1 1 1 1 1 3 3 1

MO
DE

RN

Alaskan-Husky-1 [6] 1 1 1 1 1 3 1 1 1 1 1 1 1 2 3 3 1
PtWaDg_1 [8] 1 1 1 1 1 1 1 3 1 1 1 1 1 3 1 3 1 3
PtWaDg_2 [8] 3 1 1 1 1 1 1 3 2 1 2 2 1 3 3 2 2 1 2
CaLaWa_1 [8] 2 1 1 1 1 1 1 3 1 3 1 1 1 1 1 1 3 3 1
CaLaWa_2 [8] 2 1 1 1 1 1 1 3 3 1 1 1 1 1 1 1 3 2 1
Jack-Russell-Terrier-2 [6] 1 1 1 1 1 3 1 3 3 3 1 2 1 2 3 1 1
Miniature-Poodle-2 [6] 2 1 1 1 1 3 3 3 3 3 2 2 3 3 3 3 3
American-Cocker-Spaniel-1 [6] 2 1 1 1 1 3 3 1 3 3 1 3 3 1 3 1 1
EpaBre_1 [8] 3 1 1 1 1 1 1 3 1 1 3 3 1 2 3 1 3 1 1
Miniature-Schnauzer-1 [6] 1 1 1 1 1 3 3 1 3 3 1 3 1 1 2 2 3
Miniature-Schnauzer-2 [6] 1 1 1 1 1 3 3 2 3 3 1 3 1 1 2 2 3
Australian-Terrier [6] 1 1 1 1 1 3 3 3 3 3 1 3 1 1 1 3 3
Shetland-Sheepdog-1 [6] 2 1 1 1 1 3 2 3 3 3 2 1 3 1 3 3 1
Shetland-Sheepdog-2 [6] 1 1 1 1 1 3 1 2 2 2 2 1 3 1 3 3 1
Chihuahua-1 [6] 1 3 1 1 1 3 3 3 3 2 2 3 3 1 3 3 1
Pomeranian [6] 1 1 1 1 1 3 2 3 3 3 1 1 3 1 3 3 1
Chihuahua-2 [6] 1 1 1 1 1 3 3 3 3 3 1 3 2 1 3 3 1
Miniature-Poodle-1 [6] 1 1 1 1 1 1 3 3 3 3 1 3 3 1 3 2 3
Jack-Russell-Terrier-1 [6] 1 1 2 1 1 1 2 3 3 3 1 3 1 3 3 2 2
Basenji-1 [6] 1 1 1 1 1 3 1 2 3 3 1 1 1 1 3 1 1
Basenji-2 [6] 1 1 1 1 1 3 1 1 3 3 1 1 1 1 3 1 1
Afghan-Hound-1 [6] 1 1 1 1 1 3 1 1 1 1 1 1 1 1 3 1 1
Afghan-Hound-2 [6] 1 1 1 1 1 3 1 1 1 1 1 1 1 1 3 1 1
Alaskan-Malamute-1 [6] 1 1 1 1 3 3 1 1 1 1 1 1 1 1 3 3 1
Alaskan-Malamute-2 [6] 1 1 1 1 2 3 1 1 1 1 1 1 2 1 3 3 1
German-Shepherd-Dog-1 [6] 1 1 1 1 1 2 1 1 1 1 1 1 2 1 3 3 1
German-Shepherd-Dog-10 [6] 1 1 1 1 1 3 2 1 1 1 1 1 1 1 3 3 1
German-Wirehaired-Pointer [6] 1 2 1 1 1 3 1 1 1 1 1 3 1 1 3 1 2
Black-Russian-Terrier [6] 1 1 1 1 3 1 1 1 1 1 1 1 3 1 2 2 3
Greater-Swiss-Mountain-Dog-2 [6] 1 1 1 1 3 1 1 1 1 1 1 1 1 1 3 2 1
Greater-Swiss-Mountain-Dog-1 [6] 1 1 1 1 3 1 1 1 1 1 1 1 1 1 3 1 1
Rottweiler-1 [6] 1 1 1 1 2 1 1 1 2 2 1 1 1 1 2 1 1
Rottweiler-10 [6] 1 1 1 1 3 1 1 1 3 3 1 1 1 1 3 1 1
Golden-Retriever-1 [6] 3 1 1 1 1 1 1 1 2 2 1 1 3 2 3 1 1
Bull-Terrier-2 [6] 1 2 1 1 1 1 1 1 3 3 1 1 1 1 3 1 1
Bull-Terrier-Miniature- [6] 1 1 1 1 1 1 1 1 3 3 1 1 1 1 3 1 1
Golden-Retriever-10 [6] 1 2 1 1 1 1 2 1 3 2 1 2 2 1 3 1 1
Siberian-Husky-1 [6] 1 1 2 1 1 1 1 1 1 2 1 1 1 1 3 3 1
Siberian-Husky-2 [6] 1 1 2 1 1 1 1 1 1 1 1 1 1 1 3 3 1
Alaskan-Husky-2 [6] 1 1 3 1 1 1 1 1 1 1 1 1 1 1 3 3 1
Tibetan-Mastiff-China-1 [6] 1 1 1 1 1 1 1 1 1 1 1 1 3 1 3 3 1
Tibetan-Mastiff-China-2 [6] 1 1 1 1 1 1 1 1 1 1 1 1 3 1 3 3 1

Derived alleles in GHR-1[11], HMGA2 [11],
IGF1_15_41221438 [21] and  IGF1_15_41229597 [21]
genes are all associated with small body size in
present-day dogs. 

GHR-1 gene: earliest presence of the derived allele
around 7,000 BP detected in a sample from Azerbaijan
(Hg B). 
In contrast, the reference allele in homozygosity is
associated with a large body size.  Osteometric and
odontometric data from a mandible (length, ~16cm) and
a M1 tooth supports this finding for a Roman dog from
Merida, Spain (HgA).

HMGA2, IGF1_15_41221438 and IGF1_15_41229597
markers: Detected in Ch alcolithic Romanian dogs (HgD
~6,300 BP) excavated in neighboring sites (Hârsova_tell
and Popina-Bordusani). This result is in accordance with
osteometric data showing that these specimens had a
reduced body size (eg: length of the mandibule for
sample 1831: 9.8cm). 

Presence of HgA in Europe
has two possible sources :
Central Europe and  Middle
east (Israel) 
Presence of HgA in Europe
resulted from a  middle
eastern (Israel) origin followed
by a rapid  dispersion through
the  Neolithic diffusion

2 hypothesis: 

ASIP [25] - TYRP  - MITF genes: 
Presence of derived alleles as early as Neolithic
Romania (HgA ~6,575 BP) and  Greece (HgD
~6544 BP) showing apparent diversity in those
genes, that can imply coat color variations.

COAT COLOR

FGF5 gene [24]: we notice the first appearance of
derived allele associated with long-hair trait in
Israel around 1,600 BP as well as variant related
with less hair shedding (MC5R) in the same dog
(HgA). 

FUR

Studying ancient dogs' genomes offers valuable information about past populations, genetic ancestries,
origins, and evolution. As humans shifted from hunter-gatherer to agropastoral societies during
Neolithic, Canis lupus familiaris is the only domestic species that accompanied humans throughout
these changes, and is therefore an excellent model to study the impact of human cultural shifts on their
immediate environment.
AIM: This research explores the origins and diversity of Western Eurasian dogs from SouthWestern
Europe to the Near & Middle-East dated from Palaeolithic (>33,0 00yrs BP) to the Middle Ages (750 AD).

IGSF1 gene: Presence of derived allele (homozygous
form) associated with an increase in body size-by-
weight [6]. We demonstrate the first appearance of
this variant around 6,575 BP in a dog  from Romania
from unknown Hg (no mitogenome data). 

BODY SIZE

Recover radiocarbon dating for all crucial samples
Refine the phylogenetic tree using Bayesien approach
Test our hypothesis of different scenarios of phylogeographic
diffusion using models and demo-genetic analysis
Test for admixture between contemporaneous, ancient dogs
and wolves populations in each studied regions to highlight
possible links between phenotypes and their origin

>10 000 BP - 7,500 BP <7,500 BP - 4 000 BP

<4 000 BP -  1200 BP

Map made using mapchart.net and Google
Sheets

Separation of countries are made according the
timing of the neolithic diffusion between

countries

Mitochondrial and
morphological data provide
clues about the emergence
and diffusion of some
genomic variants in past
dog populations. Ultimately,
it will provide insights into
human-canid relationships
throughout chrono-cultural
periods. 

Six samples dated >10,000 yrs BP
bearing HgC are found in two
Romanian sites.

HgC had a wide distribution
across Europe since early times
(LYEP74 sample (7,600yrs BP)
from Iberia, was classified as
HgC)

==> HgC in Europe is likely to
have a local origin, confirming
previous data [2]
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Mitochondrial DNA sequences are used to assess relationships intra & interspecies,
mainly through the study of haplogroups, which are specific clusters of diversity. To
our dataset, we added other genomes from present-day dogs [4][12][13][14][15][16]
[17] and other canids as well as from ancient dogs [1][2][16][18][19][20][22]. Below is
presented a preliminary Maximum Likelihood phylogenetic tree (Iqtree).

Map of total archaeological sampling sites

Map made using Qgis 3.32.3.

Sampling: In order to study dogs´genetic diversity and their spread throughout Europe, a
total of 240 dogs and wolves´ mitochondrial genomes were obtained through Whole
Genome Sequencing and a target-enrichment assay and applying specific bioinformatic
pipelines. Among those newly-generated mitogenomes, 151 have a coverage >90%, with
a depth of >5X. 
A nuclear DNA enrichment assay targeting 4,003 specific Single Nucleotide Polymorphism
(SNPs) [5] was performed on 174 samples. In 74 samples, >2% of the total SNPs array
with >3X coverage were present. 

5 iranian dogs dated to
>7,000yrBP support a
NearMiddle-East origin for
HgD [9]

New data for the presence of HgB
in early Neolithic (7,775 BP,
neolilthc diffusion in
CentralEurope ~7,500BP) in
CentralSouthern Europe and in
MiddleEast after

The oldest Siberian dogs from
haplogroup A doesn’t group with
the HgA-type European dogs. 

Earliest evidence of haplogroup
A in Central-Southern Europe
(Romania) ~7,000yrs BP 

Figure made using Google Sheets (pink = REF/REF, light red = REF/ALT, dark red= ALT/ALT , white = missing data)

Dogs genotypes for 19 targeted nuclear variants
associated with morphology and function

Specific markers under evolution ?
We present preliminary results about 19 SNP markers associated with
morphology and function. The study of such markers can ultimately help
addressing relations between the evolution of morphological features of ancient
specimens, evidence of adaptation under new environmental conditions and/or
selection events. In dogs there are an increased prevalence of large-effect loci,
nevertheless morphological features are often influenced by several loci and
interpretation of molecular data should be cautious.

We were able to retrieve these markers for 62 ancient  samples with a
minimum coverage of 5X

Hypothesis: The ancient dogs bearing derived
variants mostly belong to Hg A and D and could
have been introduced in Europe following the
Neolithic wave from the Near and Middle East,
we hypothesize that these variants could have
originated in those regions before being
disseminated.

Preliminary cladogram (ML tree) of 466 ancient and
present-day mitochondrial dog genomes 

The substitution model is TN+F+I+I+R4 (model Finder). All monophyletic clades were collapsed if they were from
the same location (eg: Romania).  Sample´s nomenclature as: ID_Sites_Country_Hg/Sp_Date(direct or indirect) in BP. 

Purple = Wolves, Red=dog HgA, Blue=HgB, Yellow=HgC, Green=HgD

First presence of HgD in
Romania dated to 6,600BP

NEXT STEPS ?

WF_MO_1682_Icoana_Romania_10,100
WF_MO_1123_Icoana_Romania_10,050

LYEP27_Lexim_Portugal_WOLF_3971

1576_Vitanesti_Romania_WOLF_5543
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