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Abstract:  The Late Bronze and Early Iron Ages in Inner Asia are characterized by a fairly rapid change 

of archaeological cultures associated with active population migrations. Since people in this region mastered 
horseback riding in the Bronze Age, the movements of nomadic peoples mainly occurred on horses. Therefore, 
the features of the genetic diversity of ancient domestic horses serve as an indicator of migration routes, the 
nature of interactions between cultures, and, of course, common origins. In our paleogenetic study, we obtained 
almost complete mitochondrial genomes for 5 domestic horses of the Khereksur and Deer stone culture of 
Mongolia and 25 domestic horses of different cultures of Southern Siberia of the Late Bronze and Early Iron 
Ages. The phylogeographic reconstructions we conducted based on mitogenomic sequences showed for the 
first time a close genetic relationship along the maternal lineage between domestic horses of the Khereksur and 
Deer stone culture of Mongolia and the synchronous Mayemir and Biyke cultures of Altai, as well as the genetic 
closeness of ancient domestic horses of Mongolia and horses of later adjacent cultures of Southern Siberia. We 
determined a high diversity of horses of the Kamenskaya culture, the mitochondrial haplotypes of which were 
close to the haplotypes of horses of the Bystryanskaya, Pazyryk and Tesinskaya cultures of Southern Siberia.

Keywords: Ancient DNA, mitochondrial genome, phylogeography, domestic horse, Late Bronze Age, Early 
Iron Age 

Аннотация: Поздний бронзовый и ранний железный века на территории Внутренней Азии 
характеризуются достаточно быстрой сменой археологических культур, связанной с активными 
миграциями населения. Поскольку в бронзовом веке люди этого региона освоили верховую езду, 
перемещения кочевых народов в основном происходили на лошадях. Поэтому особенности 
генетического разнообразия древних домашних лошадей служат индикатором путей миграций, 
характера взаимодействий между культурами, и конечно же общности происхождения. В нашем 
палеогенетическом исследовании мы получили почти полные митохондриальные геномы для 5 
домашних лошадей культуры херексуров и “оленных” камней Монголии и 25 домашних лошадей 

1 The work was carried out with partial financial support from the Russian Science Foundation (project № -18-22
-00470П «The world of ancient nomads of Inner Asia: interdisciplinary studies of material culture, sculptures and 
economy»).
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разных культур Южной Сибири позднего бронзового и раннего железного веков. Проведенные нами на 
основе митогеномных последовательностей филогеографические реконструкции впервые показали 
близкое генетическое родство по материнской линии домашних лошадей культуры херексуров и 
«оленных» камней Монголии и синхронных ей майэмирской и бийкенской культур Алтая, а также 
генетическую близость древних домашних лошадей Монголии и лошадей более поздних сопредельных 
культур Южной Сибири. Нами было определено высокое разнообразие лошадей каменской культуры, 
митохондриальные гаплотипы которых оказались близки гаплотипам лошадей быстрянской, 
пазырыкской и тесинской культур Южной Сибири.

Ключевые слова: Древняя ДНК, митохондриальный геном, филогеография, домашняя лошадь, 
поздний бронзовый век, ранний железный век. 

The Late Bronze Age and Early Iron Age in Inner 
Asia were characterized by numerous migrations 
of nomadic peoples and the interpenetration of 
various traditions. However, different historical 
and cultural areas were characterized by the 
uniqueness of the economic, political, social and 
spiritual spheres of society life within the specified 
chronological framework [История Алтая, 2019]. 
These aspects of the development of ancient 
cultures and the interaction of peoples are 
studied by history, archeology, paleoanthropology, 
paleogenetics, etc. Starting with the Bronze Age 
Sintashta culture, whose bearers mastered horse 
riding [Koryakova, Epimakhov, 2007; Lindner, 
2020; Епимахов, 2020], most human migrations 
took place using these animals. The results of 
genetic affinity studies of ancient horses, samples 
of which come from archaeological sites of 
different cultures, provide valuable information for 
understanding migration routes. Since the period of 
early nomads, the importance of domestic horses 
has increased significantly [Chugunov, 2004]. The 
exchange of such animals may demonstrate close 
ties between societies.

Previously obtained paleogenetic data 
have already made a major contribution to 
understanding the cultural and historical processes 
that took place in Inner Asia in the Late Bronze 
and Early Iron Ages. The first genetic results were 
obtained for horses from the following cultures: 
Sintashta, Andronovo, Khereksur and Deer Stone 
culture [Traces of Late … , 2021], Biyke, Aldy-
Bel`, Kamenskaya [Сравнительный анализ … , 
2024], Pazyryk [Keyser-Tracqui, Crubézy, Ludes, 
2003; Mitochondrial DNA … , 2010; High genetic 
… , 2020], Bulan-Koby, Xiongnu, Xianbei, Rouran 
[Ancient DNA … , 2009; Origin and history … , 
2010; Mitochondrial DNA … , 2007; Tracking five 
… , 2019; Multiple maternal … , 2009; The origins 

and spread … , 2021]. Mitogenome and whole-
genome data reveal differences in genetic diversity 
of domestic horses from some ancient cultures of 
Altai and Mongolia [Traces of Late … , 2021; Kusliy, 
2023], the genetic closeness of some horses of 
the Pazyryk culture (2nd half of the 6th – 3rd/2nd 
centuries BC) and the Xiongnu association (2nd 
century BC – 1st century AD) was noted [Tracking 
five … , 2019]. The question of the intersection 
of the gene pool of ancient domestic horses of 
Southern Siberia and Mongolia in the Late Bronze 
and Early Iron Ages remains open. 

To study the genetic diversity features of 
ancient domestic horses of Mongolia and Southern 
Siberia, the sample of genetically studied horses of 
the Khereksur and Deer Stone culture (late 2nd – 
first third of the 1st millennium BC) of Mongolia 
of the Late Bronze – Early Iron Ages, the Biyke 
culture (end of the 9th – 2–3rd quarter of the 
6th centuries BC) of Southwestern Siberia, the 
Kamenskaya culture (6th–1st centuries BC) of the 
Barnaul and part of the Novosibirsk Ob region, 
eastern Baraba forest-steppe [Кишкурно, 2018; 
История Алтая, 2019], the Pazyryk culture (2nd 
half of the 6th–3rd/2nd centuries BC) of the 
Altai Mountains [Tishkin, 2007; История Алтая, 
2019] was expanded. The Khereksur and Deer 
Stone culture is considered to be a reflection of 
one of the most archaic nomadic empires, which 
occupied a significant part of the territory of 
Inner Asia [Tishkin, 2017]. The fact that horses 
played an important role in this unification of 
tribes is evidenced by the location of osteological 
material from horses in altars near burials and at 
memorial complexes of this culture [Ковалев, 
Эрдэнэбаатар, Рукавишникова, 2016; Ковалев, 
Эрдэнэбаатар, 2021]. Archaeological data indicate 
that the Khereksur and Deer Stone culture, as 
well as the synchronous and adjacent cultures of 



АРХЕОЛОГИ ДАХЬ БАЙГАЛИЙН ШИНЖЛЭХ УХААНЫ СУДАЛГААНЫ АРГА ЗҮЙ /  
NATURAL SCIENCE RESEARCH METHOD IN ARCHAEOLOGY

281

Southern Siberia (Biyke (Altai, Russia), Aldy-Bel` 
(Tuva, Russia)) have common features of material 
and social structure, economy and worldview 
[Chugunov, Parzinger, Nagler, 2006].

We also conducted an analysis of the 
mitochondrial genomes of horses from different 
ancient cultures of Southern Siberia, whose horses 
have not yet been studied at the ancient DNA level. 
These horses belong to the following archaeological 
cultures: Irmen`, Karasuk, Mayemir, Bystryanskaya, 
Tagar, Tesinskaya, and Duroiskaya. The Irmen` 
culture (community) of the Late Bronze Age was 
widespread in the Ob-Irtysh region of Western 
Siberia [Бобров, Марочкин, 2020; Григорьев, 
2018; Ковалевский, 2020]. Archaeological sites of 
the Late Bronze Age Karasuk culture are numerous 
in the territory of the Republic of Khakassia (Russia) 
[Поляков, 2009]. The Mayemir and Biyke cultures 
are adjacent and, for the most part, synchronous 
cultures of the Altai region, with the area of ​​the 
Biyke culture including the Central, Northern and 
South-Eastern Altai, and the Mayemir culture 
was widespread in the South-Western, Western, 
North-Western Altai and on the Pre-Altai Plain 
[Tishkin, 2007; История Алтая, 2019]. In addition, 
we obtained data on domestic horses from later 
cultures of Southern Siberia. These include the 
Bystryanskaya culture (6th–3rd centuries BC) 
of the northern foothills of Altai and the Biysk-
Chumysh Upland (Prichumyshye) [История 
Алтая, 2019], the Tagar (9th–1st centuries BC) 
[Субботин, 2014], Tesinskaya (late 3rd century 
BC – 3rd century AD) [Кузьмин, 2008] cultures 
of the Republic of Khakassia (Russia), and the 
Duroiskaya culture (late 2nd–4th centuries AD) 
of Southeastern Transbaikalia [Ковычев, 2006]. 
As already noted, archaeological data indicate 
the presence of close connections between the 
Khereksurs and Deer stone culture of Mongolia 
and the synchronous and adjacent cultures of 
Inner Asia. However, this thesis requires additional 
confirmation, including on the basis of genetic data 
of ancient domestic horses.

Our sample of ancient osteological material 
included five bone samples of domestic horses 
from the Khereksur and Deer stone culture of 
Mongolia and 25 bone samples of domestic 
horses from different cultures of Southern 
Siberia of the Late Bronze Age and Early Iron Age 
from the following sites excavated by the co-

authors-archaeologists of the article: Kamenniy 
Log I, Zamyn Trass, Maima-XII, Pokrovsky Log 
4, Gilevo-10, Karban, Khankharinsky  Dol, 
Pervomayskaya, Kuznetsk-1/4 and Kuznetsk-1/5, 
Lokot`-4а, Bugry, Ust`-Kamyshta-I; Ai-Dai-IV; 
Bol’shaya Kanga-I, Kuyuk (fig. 1). The ancient DNA 
experiments included the following steps: ancient 
DNA extraction, preparation of initial genomic 
libraries, mitogenome enrichment of the resulting 
libraries, and high-throughput sequencing of 
the enriched libraries, which were performed in 
accordance with the main “authenticity criteria”. 
The bioinformatic approaches used, as well as a 
more detailed description of the molecular genetic 
methods, are given in the PhD dissertation of M. A. 
Kusliy [Kusliy, 2023].

As a result of the conducted bioinformatics 
analysis, preliminary consensus sequences of the 
mitochondrial genomes of the 30 studied ancient 
domestic horses were obtained. The sequence 
of the gene encoding the NADH dehydrogenase 
complex was removed from the sequences 
because it was not fully assembled. By combining 
the obtained results with previously published 
mitochondrial genome sequences of ancient, 
medieval and modern horses (stored in the 
GenBank nucleotide database), we performed a 
phylogeographic analysis, the results of which are 
shown in the figure below (fig. 1).

Figure 1. Bayesian mitogenome phylogenetic 
tree of ancient horses studied here and previously. 
The sample names are made up of three parts, 
separated by an hash symbol: 1) the geographical 
origin of the sample (the prefix An at the beginning 
shows ancient and medieval samples, the His 
prefix denotes historical horses); 2) the GenBank 
database registration number, the sample and 
culture name; 3) the sample age. The letters in 
bold (A–R) are the names of mitochondrial genome 
haplogroups according to the classification of Achilli 
and co-authors [Mitochondrial genomes, 2012]. 
The blue color indicates the horses of Mongolia 
from the Late Bronze Age and the beginning of 
the Early Iron Age, the light blue color shows the 
horses of Mongolia from the end of the Early Iron 
Age, the purple color is associated with the horses 
of the Arzhan-Mayemir cultures of the beginning 
of the Early Iron Age, and the red color indicates 
the horses of the middle and end of the Early Iron 
Age. To improve visualization, some tree branches 
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have been removed. The Bayesian posterior 
probability of the tree topology is presented as 
numbers next to the tree nodes, the number of 
nucleotide substitutions related to the segment of 
the tree branch indicated by this line is shown at 
the bottom of the figure, under the horizontal line. 

As can be seen from the tree (fig. 1), the 
horses of the Khereksur and Deer stone culture 
from the Zamyn Trass site in Mongolia studied 
in this investigation belong to haplogroups (A, 
I, L, N), which were not previously identified in 
horses from the Ushkin-Uver site of the same 
culture. The unifying haplogroups for these sites 
turned out to be haplogroups M and L. For the 
first time, the genetic closeness (on the maternal 
lineage) of domestic horses of the synchronous 
Khereksur and Deer stone culture of Mongolia and 
the Mayemir (clade N) and Biyke (clade A) cultures 
of Altai was demonstrated, as well as the close 
genetic relationship of horses of the Khereksur and 
Deer culture with horses of the Pazyryk culture 
of Altai (clade I) and the Duroiskaya culture of 
Transbaikalia (clade L). One of the horses of the 
Bystryanskaya culture of the northern foothills of 
Altai and the Biysk-Chumysh Upland is located 

on the phylogenetic tree next to the horse of 
the Kamenskaya culture of the Barnaul and part 
of the Novosibirsk Ob region. In turn, the horses 
of the Kamenskaya culture also turned out to be 
close to the horses of the Pazyryk culture and the 
Khakassian Tesinskaya culture. A more distant, but 
also close maternal lineage genetic relationship 
was determined for horses of the Karasuk and later 
Tesinskaya cultures (located in different clades of 
haplogroup Q). This phylogenetic reconstruction 
did not show us the continuity of the Tagar and 
Tesinskaya Khakassian cultures, which is probably 
due to the insufficient sample. 

The paleogenetic study conducted for the first 
time demonstrated the closeness of mitochondrial 
haplotypes of horses of synchronous archaeological 
cultures of Mongolia and adjacent territories of 
Southern Siberia of the Late Bronze Age and the 
beginning of the Early Iron Age, as well as similar 
phylogenetic patterns in groups of horses of later 
cultures of these regions. The discovered close 
maternal lineage genetic kinship between horses 
of different ancient cultures of Southern Siberia 
indicate a common origin and relative continuity.
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