HUMAN GENETICS Vavilovskii Zhurnal Genetiki i Selektsii
Original article Vavilov Journal of Genetics and Breeding. 2025;29(3):423-432

doi 10.18699/vjgb-25-45

Great Bolgar’s historical genetics: a genomic study of individuals
from burials close to the Greek Chamber in the 14th century

TV. Andreeva (91 2 3@, A.D. Soshkina (93, S.S. Kunizheva (913, A.D. Manakhov (9% 3, D.V. Pezhemsky 4 EL Rogaev L 5@

T Research Centre for Genetics and Life Sciences, Sirius University of Science and Technology, Sirius Federal Territory, Krasnodar region, Russia
2 Centre of Genetics and Genetic Technologies, Lomonosov Moscow State University, Moscow, Russia

3Vavilov Institute of General Genetics of the Russian Academy of Sciences, Moscow, Russia

4Research Institute and Museum of Anthropology, Lomonosov Moscow State University, Moscow, Russia

> Department of Psychiatry, UMass Chan Medical School, Shrewsburry, MA, USA

@ andreeva@rogaevlab.ru; evivrecc@gmail.com

Abstract. Bolgar was one of the most significant mediaeval cities in Eastern Europe. Before the Mongol conquest, it
served as a major administrative centre of Volga Bulgaria, and after 1236, it temporarily functioned as the capital of
the Golden Horde. Historical, archaeological, and paleoanthropological evidence indicates a mixed population of
this city during the 13th—15th centuries; however, the contributions of exact ethnic groups into its genetic structure
remain unclear. To date, there are no genetic data for this medieval group. For the first time, using massive parallel
sequencing methods, we determined whole-genome sequences for three individuals from Bolgar who were buried
in the early 14th century close to the so-called “Greek Chamber”. The average coverage of the studied genomes
ranged from x0.5 to x1.5. We identified the genetic sex of the people (two men and one woman), and performed
a population genetic analysis. The authenticity of the DNA studied and the low level of contamination were con-
firmed, and the mitochondrial DNA haplogroups of all three individuals as well as the Y-chromosome haplogroups
of two male individuals were determined. We used more than 2.7 thousand DNA samples from representatives of
ancientand modern populations that had been previously published to perform a comparative population-genetic
analysis. Whole-genome data analysis employing uniparental markers (mitochondrial DNA and Y chromosome)
and autosomal markers revealed genetic heterogeneity in this population. Based on PCA and f4-statistics analysis,
a genetic connection was identified between one of the individuals (female) and modern Finno-Ugric peoples of
the Volga-Ural region. Genomic analysis of the other two individuals suggests their Armenian origin and indicates
migrant influx from the Caucasus or Anatolia. The results align well with archaeological and paleoanthropological
findings and significantly enhance them by reconstructing the contributions of the indigenous population to the
formation of the mediaeval Bolgar population structure.
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Yyeckne JaHHble CBUAETENbCTBYIOT O CMELLaHHOM COCTaBe HaceneHus atoro ropopa B XllI-XV BB., ogHako BKnap Tex
VI VIHBIX STHUYECKUX FPYNI B €0 reHeTUYeCKyIo CTPYKTYPY OCTaeTCA He BMOJIHE ACHbIM, U O CMX NOP OTCYTCTBYIOT
reHeTnyecKkune faHHble ANA 3TON rpynnbl CPeHEBEKOBOrO HaceneHus. Mbl BnepBble C NpUMeHeHnem MeTOA0B Mac-
WTabHOro napannenbHOro CeKBEHNPOBAHUA OMPEAEN UM NOHOrEHOMHbIE NMOCef0BaTENIbHOCTA Y TPEX XKuTenemn
Benukoro bonrapa, norpe6eHHbix B nepsoli nonosurHe XIV B. y Tak Ha3biBaemoli [peueckoii nanatbl. CpeaHee NOKPbI-
TUe NccnefoBaHHbIX FreHOMOB cocTaBmo OT X0.5 Ao x1.5, 4To NO3BONNNO ONpefAenUTb reHeTUYeCK Non NHANBUAOB
(ABOE My>KUMH 1 OfHA »KEHLLMHA) N MTPOBECTN MONYNALUMOHHO-TEHETUYECKMIA aHanu3. bbinv NoATBEPXKAEHbI ay TeHTUY-
HOCTb nccnegoBaHHom [IHK 1 HU3KKIA ypoBeHb KOHTaMUHaLNW, a Takxke onpeesneHbl ranaorpynrbl MUTOXOHAPWaNb-
Hon [1HK Bcex Tpex MHANBUAOB M rannorpynnbl Y-XpOMOCOMbI IBYX MHAUBULOB MYXCKOro nona. [ina nposefeHuA
CPaBHUTENbHOrO MOMYNALMOHHO-TEHETUYECKOrO aHanm3a HaMu 3afiecTBOBaHbl OMy6/IMKOBaHHbIe paHee fJaHHble
reHOMHOro CeKBeHUpoBaHuA 6onee 2.7 Tbic. 06pa3uos [IHK npencTaBuTenein COBpeMEHHbIX M APEBHUX NONYAALMA.
AHann3 NoJIHOreHOMHbIX aHHbIX Tpex NHAnBUAOB 13 Bennkoro bonrapa ¢ ncnonb3osaHneM OfHOPOAUTENBCKUX
MapkepoB (MuToxoHapuanbHor [IHK 1 Y-XpoMOCOMbI) 1 ay TOCOMHbIX MapKepOoB MOoKa3an reHeTUYeCKyo reTeporex-
HOCTb 1CCIeJOBaHHON rpynnbl HaceneHusa. [1o pe3ynbTaTam reHOMHOIO aHanm3a C NPYMeHeHeM ayTOCOMHbIX Map-
KepoB 1 MeToAa rMaBHbIX KOMNOHEHT (PCA) 1 f4-CTaTUCTUKN HaMK BbiSIBIIEHa reHeT1Yeckasn CBsA3b O4HOro MHAUBUAA
(KEHLUVMHBI) C cOBPeMeHHbIMY GUHHO-YropcKumn Hapodamu Bonro-Ypanbckoro permoHa. leHOMHbIN aHanm3 AByX
ApYrvX UHAVBVAOB NPeAnoaraeT X apMAHCKOE MPOUCXOXKAEHME 1 CBUAETENIbCTBYET O CyLeCTBOBaHNM NOTOKa M-
rpaHToB ¢ Tepputopun KaBkasa nnn AHatonuu. lNonyyeHHble pe3ynbTaTbl XOPOLLO COMNACYTCA C AaHHBIMU apxeo-
NOTUN 1 ManeoaHTPOMNONOTN, a TakXe CyLLeCTBEHHO AOMOJHAOT NX B YaCTV PEKOHCTPYKLUN BK/1aAa aBTOXTOHHOIO
HaceneHusa B opMmpoBaHme NONynALMOHHON CTPYKTYPbl CpeiHEBEKOBBIX XuTenen bonrapa.

KnioueBble cnoBa: gpesHaA [HK; reHom; napannenbHoe ceKBeHNpOBaHuWe; NaneoaHTpononorus; bonrap; peveckasn

nanata

Introduction

Great Bolgar was a significant administrative center of two
sequential medieval states in Eastern Europe, and one of the
key cities of Volga Bulgaria, where Islam was adopted in
922. After the Mongol invasion and devastation in 1236, it
was restored as the first capital of the Golden Horde. Volga
Bulgaria was a polyethnic polity where Finno-Ugric peoples,
Slavs, and the Turkic tribes (Bulgars) — who migrated to the
interfluve of the Kama and the Great Cheremshan from the
Azov region and the territory of Krasnodar Krai —coexisted.
As part of the Golden Horde, the Volga region population
maintained its complex ethnic composition, which was par-
ticularly characteristic of major urban centers such as Bolgar.

In its history and economy, due to its advantageous loca-
tion on the main waterway of the East European plain — both
during the Bulgar period and especially during the Golden
Horde period — considerable importance was attributed to
craft production and transcontinental trade. This circumstance
contributed to the formation of a polyethnic urban popula-
tion, as a significant portion of its inhabitants consisted of
foreign merchants (Smirnov, 1951, 1972, 1974; Gening, 1989;
Khalikov, 1989; Iskhakov, Izmailov, 2000; Bulgarica, 2012;
Sitdikov, Bocharov, 2024).

Archaceological data as well as paleoanthropological ma-
terials indicate a mixed population composition in Great
Bolgar throughout all stages of its existence (Trofimova,
1956; Postnikova, 1970, 1973; Efimova, 1991; Gazimzyanov,
2000, 2015). The contribution of steppe Turkic and indigenous
Finno-Ugric populations to the anthropological makeup of
its inhabitants is considered proven. The question of the
contribution of the Azov Bulgars, who migrated to the Volga
region in the early Middle Ages, as well as the participation
of Slavic groups, remains a topic of discussion. During the
Golden Horde period, new components that increased the
ethnic diversity of the medieval Bolgar population emerged.

A striking example of this is a series of skulls from burial sites
at the “Greek Chamber”, which were identified by T.A. Tro-
fimova as “Armenoid” upon initial study (Trofimova, 1949).

Although the population of Great Bolgar was predominantly
Muslim, as indicated by archaeological data, there were also
diasporas of other faiths present. For instance, the burial
ground at Babiy Bugor is interpreted by several researchers
as a Christian cemetery. However, the most vivid illustration
of this is a site known as the “Greek Chamber”, which was
a rectangular stone structure measuring 12.6 by 16.4 meters,
oriented along the West-East axis. Still well visible at the
beginning of the 18th century, it was scientifically docu-
mented for the first time during that period. Archaeological
excavations of the “Greek Chamber” were carried twice:
once in 1916 by V.F. Smolin and again in the mid-1940s by
A.P. Smirnov. The structural and dimensional characteristics
of the building itself, along with the gravestones featuring
inscriptions in Armenian, described in a timely manner,
allowed it to be identified as a small temple, similar to the
construction from 1339 in Noravank (Armenia) or Armenian
churches from the 14th century in Feodosia and Old Crimea
(Smirnov, 1951). Temples of this type were typically two-
storied, with the lower level serving as a burial chamber. The
deciphered and repeatedly published epitaphs date from 1308
to 1335. This enabled A.P. Smirnov to reasonably assert that
a necropolis of the Armenian colony, formed around a com-
memorative temple, had been discovered in Bolgar (Smirnov,
1951, 1958).

Further extensive paleoanthropological research in Bolgar
has shown that the population buried at the “Greek Cham-
ber” finds considerable analogies in the multidimensional
craniometric space with groups interred in various Muslim
mausoleums of the city, as well as near the Small Minaret, at
the soil cemeteries of Excavations 45 and 191 (Gazimzyanov,
2000, 2015). This emphasizes the importance of employing
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paleogenetic methods as well as new paleoanthropological
analyses.

While genomic methods are already widely employed to
study ancient peoples, populations, and individuals, genetic
data related to the population of Great Bolgar are still lacking.
Such information would greatly improve our understanding
of its ethnic makeup provided by archaeological and paleo-
anthropological studies. A particular goal is to assess the con-
tribution of the medieval population to the formation of the
present-day peoples of the Volga region. In this study, for
the first time, we have applied genomic analysis methods to
investigate individuals buried in the territory of Great Bolgar.

Materials and methods

Paleoanthropological material (inventory numbers 8964,
8973, 8977) from the collections of the Research Institute
and the Museum of Anthropology named after D.N. Anuchin
at Moscow State University was used. The remains originate
from burials dating to the first half of the 14th century, which
were archaeologically examined by a Joint expedition of the
Institute of Material Culture History and the Museum of the
Tatar ASSR, led by A.P. Smirnov, in 1945 and 1947 in Bol-
gar, at the so-called “Greek Chamber”. This site was located
approximately 150 meters west of the city wall, in an area
currently occupied by the Bolgar grain terminal, and is not
discernible on the surface today.

Excavations of the ruins of the “Greek Chamber” and
the surrounding territory to the south and southeast allowed
A.P. Smirnov and A.M. Efimova to identify 113 Christian
burials. From an archaeological perspective, these burials are
characterized as “homogeneous/uniform”, contained within
wooden coffins (the wood was found to be decayed, with
numerous iron nails discovered), which were placed in rect-
angular pits measuring 2 x 0.8 meters, with rounded corners,
vertical walls, and flat bottoms. The remains were found in an
extended position on their backs, with heads facing west, faces
upward, hands folded on their chests, and accompanied by a
small number of personal items. However, it is noteworthy
that some burials with gravestones and their fragments, as
well as burials containing rich silk textiles embroidered with
gold and silver threads, were also recorded; additionally, a
temporal gold ring was discovered. A.P. Smirnov believed
that his excavations uncovered a significant portion of this
necropolis, estimating that it likely contained no more than
150 interments. Interestingly, while characterizing female
ornaments, particularly temporal rings, A.P. Smirnov found
analogies for some of them among the Slavic burial mounds
of the Smolensk and Tver regions, attributed others to Bulgar
prototypes from the 10th to 12th centuries, and associated
some with artifacts from burials dated to the 12th to 14th
centuries found in the Northern Caucasus (Smirnov, 1951).

Currently, considering our understanding of the multi-
component nature of Bulgar material culture, which is
predominantly urban and where many elements lose their
“ethno-defining” characteristics upon contact, one might
question the significance of these observations. Nevertheless,
based on paleoanthropology and paleogenetics, they have
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the potential to significantly enhance our understanding of
the ethnic composition of the medieval population of Bolgar.

In 1948, the collection of skulls from the burials at the
“Greek Chamber” was transferred to the Museum of Anthro-
pology at Moscow State University. These specimens were
first measured and reported by T.A. Trofimova, and subse-
quently re-examined by M.M. Gerasimova and published
later by I.R. Gazimzyanov (Gazimzyanov, 2000; Trofimova,
1956).

Genetic analysis was performed using fragments of teeth
from three individuals with the best-preserved anthropologi-
cal material. Genomic DNA was extracted from fragments
weighing 100-200 mg in clean rooms, where studies of mo-
dern materials had not been conducted, using a previously
published method (Andreeva et al., 2022). The DNA extract
and blank control were tested using the High Sensitivity
DNA reagent kit (Agilent) on a Bioanalyzer 2100 (Agilent).
Fragmented genomic libraries were prepared according to a
single-stranded DNA-based protocol (Gansauge et al., 2017)
and sequenced firstly on Illumina MiSeq (paired-end reads
mode of 76+76 cycles) and then on Illumina NovaSeq 6000
in single-end read mode of 56 cycles.

We used AdapterRemoval v2 (Schubert et al., 2016) for
trimming the adapter sequences of the raw reads. Short reads
were mapped using the BWA program (Li, Durbin, 2009)
with parameters adapted for short fragments of ancient
DNA (Schubert et al., 2012) to the human reference genome
(hg19/GRCh37 assembly), and to the mtDNA Cambridge
Reference Sequence (NC_012920.1). The authenticity of the
ancient DNA was evaluated using the MapDamage?2 program
(Jonsson et al., 2013). To determine the genetic sex of indi-
viduals, we calculated the ratio of reads mapped to the X and
Y chromosomes to reads mapped to autosomes; reads with
a mapping quality (MQ) greater than 30 were used for the
assessment.

We used contamMix (Fu et al., 2013) to estimate the con-
tamination of samples by mtDNA heterozygosity. For male
individuals, the contamination level was additionally esti-
mated by X-chromosome heterozygosity (Rasmussen et al.,
2011).

Mitochondrial haplogroup was determined using Haplo-
grep 2 (Weissensteiner et al., 2016). The Y-chromosome hap-
logroup was determined using the Yhaplo program (Poznik,
2016). Then, in order to clarify the Y-chromosomal lineage,
the markers of the corresponding haplogroup and all its de-
rived branches were visually checked using the IGV browser
(Robinson et al., 2011). Both Y-chromosomal haplogroup
markers presented in the ISOGG database (version 15.73)
(International Society..., 2020) and markers from the Yfull
database (YFull, 2024) were used. To conduct a phylogeo-
graphic analysis of mtDNA using the BLAST service, we
selected all mtDNA sequences close to the sequences of
the studied samples (identity >99.98 %), as well as samples
from the YFull and AmtDB databases (Ehler et al., 2019)
belonging to the identified haplogroup, and used them to con-
struct a phylogenetic tree using the mtPhyl program (Eltsov,
Volodko, 2016).

FEHETUKA YEJTIOBEKA / HUMAN GENETICS 425



T.V. Andreeva, A.D. Soshkina, S.S. Kunizheva
A.D. Manakhov, D.V. Pezhemsky, E.I. Rogaev

For the analysis of genomic markers, pseudohaploid geno-
types corresponding to the AADAR panel (version v54.1.p1),
which includes 1,240 thousand genetic markers (Mallick et
al., 2024), were obtained using the PileupCaller program
with the “--randomHaploid” parameter. Population analysis
was performed using principal component analysis (PCA).
For this purpose, the genotypes of the studied samples from
the burials at the “Greek Chamber” were projected onto the
genetic variability of 2,775 representatives of 80 present-day
European and Caucasian populations from the Human Origin
panel (Lazaridis et al., 2016). PCA analysis was performed
using smartpca from the EIGENSOFT software package (Pat-
terson et al., 20006). To assess genetic similarity with ancient
populations, f4-statistics were calculated. Pseudohaploid
genotypes for the panel of 1,240 thousand genetic markers for
the populations included in the analysis were obtained from
the AADR database (version v54.1.pl). For the calculation,
the ADMIXTOOLS v.7.0.1 (Patterson et al., 2012) and admixr
v.0.9.1 (Petr et al., 2019) software packages were used. The
“inbreed=YES” parameter was applied in the calculation.
The results were visualized using the R/4.2 package (R Core
Team, 2021).

Table 1. Archaeological and anthropological data of the samples

Great Bolgar’s historical genetics: a genomic study of individuals
from burials close to the Greek Chamber in the 14th century

Results

Genomic DNA obtained from the teeth of three individu-
als (AB188, AB189, AB190) was used for genomic library
preparation and sequencing (Table 1, Fig. 1). Bioinformatics
analysis of the obtained short reads confirmed the authen-
ticity of the DNA for each sample (Fig. 2). The proportion of
reads mapped to the human reference genome ranged from
20 % to 66 %, indicating the high quality of the examined
bone material and its suitability for whole-genome analy-
sis (Table 2). According to the results of the assessment of
the ratio of the average coverage of sex chromosomes to
autosomes, it was observed that two samples (AB188 and
AB190) belong to males, while one (AB189), to a female.
The genetic sex of all samples coincided with their phenotypic
sex, previously determined by biological and anthropological
methods.

Based on the sequencing data, complete mitochondrial
sequences of the studied individuals were determined, as well
as their mitochondrial haplogroups. The mtDNA sequences of
all three individuals belong to three different mitochondrial
lineages (I5¢3, A+152+16362, and H78); therefore, these
individuals are not maternally related (Table 3).

Sample ID Museum ID Region Archaeological site, burial number Anthropological sex
AB188 8964 Tatarstan Bolgar, “Greek chamber’, grave 14 Male
AB189 8973 Tatarstan Bolgar, “Greek chamber’, grave 93 Female
AB190 8977 Tatarstan Bolgar, “Greek chamber’, grave 66 Male

AB188 AB189 AB190

mm mm
mm

0 1 2 0 1 2 0 1 2

Fig. 1. Anthropological material (teeth) used in the study.
AB188 AB189 AB190

0.30

0.25
2 020
o
5 0.15
jon
[
L 0.10

0.05

0
1T 3 5 7 9 11 13 15 17 19 21 23 25 1T 3 5 7 9 11 13 15 17 19 21 23 25 1T 3 5 7 9 11 13 15 17 19 21 23 25

Fig. 2. The profile of nucleotide substitutions for reads mapped to the reference mtDNA sequence, calculated with MapDamage2 (Jénsson et al., 2013).

C>T transitions specific to ancient DNA are indicated by a red line. The X axis denotes the nucleotide position from the 5’end of the DNA fragments.
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Table 2. DNA sequencing statistics, mtDNA and Y-chromosome haplogroups

Sample ID Total reads Mapped Contamination, %
reads, %
mtDNA*  X-chromosome**
AB188 475,898,786  20.27 24 7.2
AB189 451,469,305 66.21 1.5 -
AB190 606,729,041 51.10 2.0 5.2

* Based on contamMix (Fu et al., 2013).

Mean coverage Genetic sex Haplogroup

genome mtDNA mtDNA Y-chromosome

x0.39 x35.1 XY (Male) 15c3 R1blalb1~
R-L23 ->R-Z2103

x1.1 x34.7 XX (Female) A+152+16362 -

x1.51 x51.3 XY (Male) H78 G2a2blal~
FGC5083/Y2724

** ANGSD was used to determine X-chromosome contamination in men (Korneliussen et al., 2014).

Table 3. Variants of the mtDNA sequences found in the tested samples from the burials at the “Greek Chamber”

Sample  Database ID The smallest number
ID (origin or ethnic group, period) of single nucleotide
differences from the test
sample
AB188 RISE408 (Armenia, Iron Age) MF362904
KJ690072 (Bulgaria) (Turkey, Armenian) - 2
OP642525 (Russia, Chechen)
MF362879 (Turkey, Armenian)
MK491434 (Turkey, Armenian)
MF362904 (Turkey, Armenian)
AB189 AP010745 (Japan) 59 (Russia, Besermyan)

EF397559 (Czechia)
MH981888 (Paraguay)
MF522991 (Pamir)
MF523016 (Pamir)
HMO036549 (Himalayas)
MH449268 (Vietnam)
AP013161 (Japan)

59 (Russia, Besermyan)
68 (Russia, Udmurt)

95 (Russia, Udmurt)

68 (Russia, Udmurt) - 4

Sample  Database ID The smallest number

ID (origin or ethnic group, period) of single nucleotide
differences from the test
sample

AB190*  FJ999540 (Germany) 7 and more single

MK217231 (Assyrian) nucleotide differences
AY739001 (Italy)

MZ920899 (Spain)

AY339402 (Finland)

AY738987 (Spain)

JX153287 (Italy)

EU600330 (Israel, Druze)
EU600333 (Israel, Druze)
MH001823 (Finland)
KC763393 (Finland)
MZ920486 (Spain)

MZ920710 (Spain)

MN595895 (Pakistan, Pashtun)
ON597638 (Italy)

KR858867 (Finland)

* Several randomly selected mtDNA sequences from those selected by the percentage identity parameter >99.98 % are presented. The mtDNA sequences found

are widely distributed across Europe and Western Asia.

For two male individuals, different Y-chromosome haplo-
groups were identified. The Y chromosome of AB188 belongs
to haplogroup R1blalbl~ (R-Z2103). Individual AB190 is a
carrier of haplogroup G2a2blal~ (FGC5083/Y2724). There-
fore, the studied males are not related to each other through
the paternal line.

A PCA indicated that both male samples (AB188 and
AB190) cluster within present-day Caucasian populations,
in close proximity to samples from present-day Armenia and
Turkey. The female sample AB189 is projected near present-
day populations of the Volga-Ural region (Fig. 3).

For testing the potential genetic contribution and similar-
ity to ancient populations, we performed a calculation of the
f4-statistic of the form f4(Test, Mbuti; AB188 and AB190,
AB189), where Test represents one of the tested ancestral
populations, and the African Mbuti group was used as an
outgroup. The results of the analysis (Tables 4, 5, Fig. 4)

confirm a greater similarity of individual AB189 with ancient
groups that formed the genetic substrate of the contemporary
Finno-Ugric population (Russia Karelia HG and Russia
Krasnoyarsk BA) and with modern Siberian groups (the
Besermyans, Udmurts, and Nganasans). In contrast, individu-
als AB188 and AB190 exhibit significantly more shared alleles
with the population group from the Kura-Araxes culture of
the Bronze Age in Armenia (Armenia EBA Kura Araxes),
which has made a substantial contribution to the genetic
structure of contemporary Armenians, as well as with modern
representatives of present-day Turks, and Iranians (Fig. 4).

Discussion

Previous studies on Bolgar’s craniological series have shown
that the local Finno-Ugric component is significantly repre-
sented in the population. Notably, the male skulls from the
burials next to the “Greek Chamber” have frequently been
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Fig. 4. f4-statistics of the form of f4(Test, Mbuti;
~100 0 100 200 AB188 and AB190, AB189).

PCT Test — ancient (a) and present-day (b) populations.

Fig. 3. PCA plot visualizing Volga Bulgar samples (red dots) projected onto the first two (PC1
and PC2) components of genetic variability of present-day individuals from the Human Origin
dataset (grey dots); present-day Armenians are marked with green dots.

Table 4. f4-statistics of the form f4(W,X;Y,Z) for the ancient samples from the AADR database

W* X* Y z f4 stderr Zscore  BABA ABBA nsnps
Armenia_EBA_KuraAraxes Mbuti  AB188_AB190 AB189 0.003216  0.000621 5.179 6,803 6,386 129,387
Russia_Karelia_HG Mbuti  AB188_AB190 AB189  -0.00382 0.000858 -4.447 6,136 6,612 124,604

Russia_Samara_EBA_Yamnaya Mbuti  AB188_AB190 AB189  -0.00041 0.000583 -0.699 7,422 7,480 143,943
Russia_Sarmatian Mbuti  AB188_AB190 AB189  -0.00088 0.000669 -1314 6,674 6,790 131,859
Kazakhstan_EarlySarmatian Mbuti  AB188_AB190 AB189  -0.00106 0.001 -1.062 4,006 4,090 79,364
Kazakhstan_LateSarmatian Mbuti  AB188_AB190 AB189  -0.00065 0.001004 -0.645 4,080 4,132 80,499
Kazakhstan_Sarmatian_IA Mbuti  AB188_AB190 AB189  -0.00129 0.000594 -2177 7,136 7,318 140,913
Russia_Krasnoyarsk_BA Mbuti  AB188_AB190 AB189  -0.00836 0.000836 -9.988 6,951 8,190 148,263
Note. Here and in Table 5: W - ancient samples from the AADR database; X - Mbuti; Y — AB188 and AB190; Z — AB189; f4 — calculated f4-statistic; stderr — standard

error; Zscore - calculated Z-score; BABA/ABBA — the number of ABBA/BABA patterns of allele sharing among tested populations; nsnps — allele number.
*The labels for the ancient groups correspond to the AADR database (version v54.1.p1) of 1,240 K genetic markers.
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Table 5. f4-statistics of the form f4(W,X;Y,Z) for the present-day samples from the AADR database
W* X* Y z f4 stderr Zscore  BABA ABBA nsnps
Iran_Fars.HO Mbuti AB188_AB190 AB189 0.001956 0.000573 3414 3,313 3,173 71,262
Iran_Zoroastrian.HO Mbuti AB188_AB190 AB189 0.001924 0.000588 3.271 3,310 3,173 71,262
Armenian_Hemsheni.HO Mbuti  AB188_AB190 AB189  0.002469 0.000608 4.061 3,366 3,191 70,835
Armenian.HO Mbuti AB188_AB190 AB189  0.003041 0.000588 5168 3,392 3,172 72,211
Turkish.HO Mbuti AB188_AB190 AB189 0.001966 0.000556 3,535 3,357 3,215 72,211
Udmurt.HO Mbuti AB188_AB190 AB189 -0.00338 0.000607 -5.57 3,178 3,418 70,835
Besermyan.HO Mbuti  AB188_AB190 AB189 -0.00311 0.000632 -4.922 3,191 3411 70,835
Chuvash.HO Mbuti  AB188_AB190 AB189 -0.00147 0.000595 -2465 3,252 3,358 72,211
Nganasan.HO Mbuti  AB188_AB190 AB189 -0.00624 0.000697 -8.953 3,043 3,493 72,211

*The labels for the population groups correspond to the Human Origin set of the AADR database (version v54.1.p1) with 600 K genetic markers.

likened to the skulls of present-day Armenians. In contrast, the
female skulls exhibited closer alignment with the cranial cha-
racteristics typical of the local Finno-Ugric population (Tro-
fimova, 1956; Efimova, 1991). The high-quality whole-ge-
nomic data we obtained from all three samples of individuals
representing the medieval Bulgarian population enabled us to
analyze both uniparental markers (mtDNA and the Y-chro-
mosome) and autosomal markers, thereby providing insights
into the probable origins of the studied individuals.

According to the population analysis utilizing autosomal
genetic markers (Fig. 3), the two male samples and the female
sample (AB189) from grave 93 next to the “Greek Chamber”
differ significantly. According to the projection of the first
two principal components, the female sample is most similar
to modern-day Besermyans, who speak a Finno-Ugric lan-
guage, and to Chuvash and Kazan Tatars, who speak Turkic
languages. All these groups have a significant amount of au-
tochthonous substrate in their genetic makeup. These modern
communities are descendants of a Finno-Ugric people that
lived in regions that were once part of Volga Bulgaria and
the Golden Horde.

The maternal lineage (mtDNA) of individual AB189 be-
longs to the East Eurasian haplogroup A+152+16362. This
mitochondrial haplogroup is distributed mainly in East Asia
and among the indigenous population of America. Among
the present-day European populations, haplogroup A is most
prevalent in Tatars and Bashkirs of the Volga-Ural region,
where it accounts for up to 3.6 % (Malyarchuk et al., 2010).

In the databases of present-day and ancient DNA (GenBank,
AmtDB, Yfull), we searched for complete mitochondrial
sequences that are most similar to the mtDNA sequence of
sample AB189 (percent identity >99.94). The analysis of
the phylogenetic tree constructed using the mtPhyl program
revealed that sample AB189 has a substitution at position 93,
which allows it to form a common clade with samples from
modern Udmurts and Besermyans (Fig. 5). Thus, the results of
the genetic analysis indicate that the woman we studied has a
genetic profile similar to that of the contemporary Finno-Ugric

population of the Volga-Ural region. Due to the current lack of
genomic data for the medieval population of the Volga region,
conducting a comparative analysis of the examined individuals
with the ancient inhabitants of this area is challenging. Never-
theless, paleoanthropological data suggest similarities between
the medieval and modern indigenous populations (Efimova,
1991), which allows us to hypothesize that the woman from
burial 93 next to the “Greek Chamber” was a representative
of the local Finno-Ugric tribes.

The two male samples are positioned on the PCA plot close
to the present-day populations of the eastern Mediterranean
(Turks, Jews, Libyans, and Cypriots) and the Caucasus (Geor-
gians, Armenians), and they are quite far from the samples
that belong to the Volga-Ural region’s populations (Fig. 3).

The mtDNA of male AB188 belongs to haplogroup I5c3.
Sequences of contemporary mtDNA samples of this hap-
logroup, as represented in the GenBank database, have been
identified exclusively among individuals from Caucasian
populations, predominantly among Armenians. Notably,
among ancient samples, haplogroup I5c, which is ancestral to
haplogroup I5¢3, was also found in an individual who lived
in the territory of present-day Armenia and belonged to the
Lchashen-Metsamor culture (1209—1009 BCE) (Allentoft
et al., 2015). The Y chromosome of male AB188 belongs
to haplogroup Rlblalbl~ (R-Z2103). Due to insufficient
genome coverage, we were unable to determine subsequent
markers within this Y clade. This haplogroup is part of the
larger Y-chromosomal clade R1b, which is widespread in
modern populations of Western Europe. However, haplogroup
R-Z2103 identified in individual AB188 belongs to the Eastern
European lineage R1b-L23, which is most prevalent in the
Caucasus, Turkey, and the Ural region, where its frequency
reaches up to 10 % (Myres et al., 2011).

According to the YFull database, the largest number of con-
temporary representatives of haplogroup R-Z2103 originates
from Armenia. Some estimates suggest that between 19 and
23 % of the modern population of Armenia belong to various
branches of this haplogroup (FamilyTreeDNA; Hovhannisyan
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Fig. 5. Fragments of phylogenetic trees of haplogroups A, 15¢3, and H78, constructed using the mtPhyl software (Eltsov, Volodko, 2016).

The positions and nucleotide substitutions relative to the reference mtDNA sequence are specified. Mitochondrial haplogroups are highlighted in red. For each
sample, its identification number in the database, origin, and ethnic affiliation are provided. The ancient individual is highlighted in blue; EIA — Erly Iron Age. The

studied samples are enclosed in red rectangles.

etal., 2025). The results of the genomic analysis of individual
AB188 from burial 14, based on data obtained from autosomal
markers as well as maternal and paternal lineage markers, in-
dicate that the studied male from the burial site in the “Greek
Chamber” in Volga Bulgaria had Armenian origins.

The maternal lineage of the second male individual
(AB190) belongs to mitochondrial haplogroup H78. This
mitochondrial haplogroup originated from an ancestral branch
of haplogroup H due to a single substitution at position 7002.
Phylogenetic analysis based on sequences available in da-
tabases that are similar to the mtDNA of individual AB190
(percent identity >99.93) revealed that only two sequences
in the databases contain the same substitution (7002), both
belonging to contemporary representatives of the Druze eth-
nic group residing in northern Israel (Fig. 5). However, it is
important to note that the sequence of AB190 differs from the
sequences of these two individuals by at least nine positions
in the mtDNA, whereas the differences between mtDNA of
AB190 and the sequences of the root haplogroup H, the most
common haplogroup in Europe, as well as numerous sequenc-
es of sister lineages to H78, amount to only 7—8 substitutions.
Thus, drawing conclusions about the likely geographical or
ethnic origins of the maternal lineage of individual AB190 is
challenging, although one might hypothesize the existence of
a common ancient ancestor with the Druze of Israel.

The analysis of the male lineage of this man from Great
Bulgaria showed that his Y-chromosomal haplogroup belongs
to haplogroup G2a2blal~ (FGC5083/Y2724), which is pre-
dominantly found in modern populations of the Caucasus and
is most widely distributed in contemporary Turkey. Recent
data on the most likely origin of modern Armenian groups
from ancient Anatolia (Hovhannisyan et al., 2025) indicate
a high level of genetic similarity between Armenians and
the inhabitants of Turkey. Thus, the second man we studied
(AB190, burial 101) was also likely a migrant from the terri-
tory of Armenia or Anatolia.

Conclusion

The data we obtained are in line with the historical and ar-
chaeological evidence regarding the existence of a segment
of the population in Great Bulgaria that was represented by
migrants or merchants of Armenian descent. Previously, based
on craniological data, a hypothesis was proposed suggesting
that Armenians who migrated to Bulgaria took local women as
wives (Trofimova, 1956). The results of our analysis partially
support the hypothesis of different origins of the men and
women buried at the “Greek Chamber”. However, to provide
evidence for such marital practices, it is necessary to increase
the sample size and include potential descendants from such
mixed marriages.
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