1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Science. Author manuscript; available in PMC 2016 November 09.

-, HHS Public Access
«

Published in final edited form as:
Science. 2009 April 24; 324(5926): 485. doi:10.1126/science.1172750.

Coat Color Variation at the Beginning of Horse Domestication

Arne Ludwigl™T, Melanie Pruvost!:2*, Monika Reissmann3”*, Norbert Benecke?, Gudrun A.
Brockmann3, Pedro Castafios?, Michael Cieslak!, Sebastian Lippold®, Laura Llorente5,
Anna-Sapfo Malaspinas’, Montgomery Slatkin’, and Michael Hofreiter>" T

1Leibniz Institute for Zoo and Wildlife Research, 10252 Berlin, Germany

2German Archaeological Institute, Im Dol 4-6, 14165 Berlin, Germany

SInstitute for Animal Sciences, Humboldt University Berlin, 10115 Berlin, Germany

4Sociedad de Ciencias Aranzadi, San Sebastian, Spain

SMax Planck Institute for Evolutionary Anthropology, Deutscher Platz 6, 04103 Leipzig, Germany
5Laboratory of Archaeozoology, Universidad Autonoma Madrid, 28049 Madrid, Spain

"Department of Integrative Biology, University of California, Berkeley, CA 94720, USA

The transformation of wild animals into domestic ones was a key prerequisite for modern
human societies (1). A variety of species have been domesticated, but no species has had
such an impact on warfare, transportation, and communication capability as the horse.
Despite its importance for human history, the time and place of horse domestication have
remained enigmatic for a long time (2, 3). Recently, evidence was found for horse
domestication having occurred in Kazakhstan about 5500 years before the present (yr B.P.)
(4). Genetic studies have shown that coat color variation arose rapidly during domestication,
resulting from human selection (5). To further investigate the dynamics and place of horse
domestication, we investigated DNA sequence polymorphisms responsible for coat color
variation in fossil horses.

We successfully typed eight mutations in six genes (6) responsible for coat color variation
for 89 [out of 152 tested; tables S1 to S5 (6)] ancient samples. To assess coat color variation
of predomestic horses, we analyzed the bones of wild horses from the Late Pleistocene and
Early Holocene found in Siberia, East and Central Europe, and the Iberian Peninsula. We
found no variation in the Siberian and European Pleistocene horses, suggesting that these
horses were bay or bay-dun in color. There is evidence that the wild type is dun, but, because
the nondun mutation has not yet been identified, we cannot distinguish between dun and
nondun horses. In contrast, Iberian Early Holocene horses carried both the nonblack allele A
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(25%) and the black allele a (75%) at the AS/Pgene, resulting in four black and four bay
horses. An analysis of 21 Neolithic and Copper Age samples, dating to the millennia before
archaeological evidence for domestication exists, produced similar allelic patterns. These
periods are characterized by an absence of horse bones in the archaeological record for some
regions, which prevents the inclusion of Siberian horses from 8000 to 5000 yr B.P. (table
S6). East European horses dating to 7000 to 6000 yr B.P. revealed a mixed population (76%
bay and 24% black). All these horses are regarded as wild because they clearly predate the
earliest evidence for horse husbandry in this region. Because black horses are found neither
in Siberia nor in East and Central Europe during the Late Pleistocene, their occurrence in the
Early Holocene is probably the result of postglacial immigration or of selection caused by
increased forest cover, as recently shown for wolves (7). Human selection is less likely
because we observed no other coloration. A binomial test furthermore shows that, given the
sample size of our predomestic horses, the chance that we missed any color allele with a
frequency larger than 4% is P< 0.05 (6) (table S7).

In contrast, a rapid and substantial increase in the number of coat colorations is found in
both Siberia and East Europe beginning in the fifth millennium B.P. (Fig. 1 and figs. S1 and
S2). Although the earliest chestnut allele (MC1R gene) was identified in a Romanian sample
from the late seventh millennium B.P., chestnut horses were first observed in Siberia (fifth
millenium B.P.). Their prevalence increased rapidly, reaching 28% during the Bronze Age.

Mutations responsible for coat color dilutions or spottings seem to appear later. Cream
(buckskin) and (black) silver dilutions (2800 to 2600 yr B.P.) were first observed in Siberia.
Sabino is the first spotting phenotype, appearing during the fifth millennium B.P. in Siberia,
and present in Armenia and Moldavia during the middle Bronze Age. The Tobiano spotting
was first found in a single Eastern European sample (3500 to 3000 yr B.P.) and later also in
Asia. Unlike in samples from Siberia and Eastern Europe, we observed no color change in
Spanish samples until medieval times.

Although we cannot statistically reject neutrality for four out of six loci tested, the selection
coefficient for AS/Pand MC1R was found to be significantly different from zero (6, 8);
(table S8, and fig. S3). Our results are therefore best explained by selective breeding, which
supports domestication as the cause for the observed changes in coloration. Given the rapid
change, we conclude that horse domestication started in the Eurasian steppe region around at
least 5000 yr B.P.
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Fig. 1.
Timeline showing the rapid increase in coat color variation in horses around the Bronze Age.

The size of the pie charts corresponds to the frequency of the respective phenotype. B
indicates bay color; BI, black; C, chestnut; T, tobiano; S, sabino; Bu, buckskin; and Bs,
black silver. Sample sizes from left to right are 16, 18, 26, and 29 specimens.
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