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Abstract

To elucidate the population history of the Caucasus, we conducted a survey of genetic diversity in Samegrelo 
(Mingrelia), western Georgia. We collected DNA samples and genealogical information from 485 individuals residing 
in 30 different locations, the vast majority of whom being Mingrelian speaking. From these DNA samples, we generated 
mitochondrial DNA (mtDNA) control region sequences for all 485 participants (female and male), Y-short tandem repeat 
haplotypes for the 372 male participants, and analyzed all samples at nearly 590,000 autosomal single nucleotide poly
morphisms (SNPs) plus around 33,000 on the sex chromosomes, with 27,000 SNP removed for missingness, using the 
GenoChip 2.0+ microarray. The resulting data were compared with those from populations from Anatolia, the 
Caucasus, the Near East, and Europe. Overall, Mingrelians exhibited considerable mtDNA haplogroup diversity, having 
high frequencies of common West Eurasian haplogroups (H, HV, I, J, K, N1, R1, R2, T, U, and W. X2) and low frequencies 
of East Eurasian haplogroups (A, C, D, F, and G). From a Y-chromosome standpoint, Mingrelians possessed a variety of 
haplogroups, including E1b1b, G2a, I2, J1, J2, L, Q, R1a, and R1b. Analysis of autosomal SNP data further revealed that 
Mingrelians are genetically homogeneous and cluster with other modern-day South Caucasus populations. When com
pared with ancient DNA samples from Bronze Age archaeological contexts in the broader region, these data indicate 
that the Mingrelian gene pool began taking its current form at least by this period, probably in conjunction with the 
formation of a distinct linguistic community.
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Introduction
The Caucasus is the seemingly obvious route from two strong
ly suspected incubators of anatomically modern human diver
sity (Arabia, Anatolia) to the Eastern European steppe 
(Ukraine, western and southern Russia) and beyond and has 
played an important role in the modern human dispersal 
and settlement in Eurasia since at least the Upper Paleolithic. 
In this regard, the Caucasus may have been an incubator of 
human genetic diversity in addition to being a conduit for hu
man migration. Landmark population studies focusing on this 
region (Barbujani et al. 1994; Nasidze et al. 2004; Balanovsky 
et al. 2011; Yunusbayev et al. 2012; Yardumian et al. 2017) 
have revealed great and unusual diversity that points to a com
plex peopling process for the Caucasus that is related to those 
of the Near East, the Pontic steppe, Central Asia, and Europe. 
High mitochondrial haplotypic diversity among even putative
ly endogamous highland populations such as Svans 
(Yardumian et al. 2017) suggests multiple human introgres
sions into the region rather than significant founder effects. 
The tight genetic clustering between populations speaking 
languages from different families (e.g., Abkhaz, Svan, and 
Ossetian) further points to the continuity of lineages from a 
time preceding linguistic diversification (Yunusbayev et al. 
2012; Yardumian et al. 2017). Despite these general observa
tions, it is still not clear to what extent contemporary North 
and South Caucasus populations descend from those of the 
Bronze Age, Neolithic, and earlier periods of time.

For millennia, humans have found Samegrelo (Mingrelia or 
Megrelia) and neighboring regions of Georgia suitable for 
settlement and transhumance due to its favorable climate 
and abundant resources. The coastal lowlands of Georgia 
and the North Caucasus are an easily traversable route from 
the world of the Southern Arc to the world of the Eastern 
European steppe, unimpeded by the Caucasus Mountains 
(Vasilyev and Amirkhanov 2018). Western Georgia also 
features a dense network of rivers running from the mountain 
glaciers to the Black Sea. In addition to fresh river water and 
Black Sea marine resources, minerals, metal ores, and obsidian 
have long been harvested in the nearby Caucasus highlands 
(Courcier 2014), while a variety of flora and fauna are found 
on the fertile Colchian Plain (Grossheim 1952; Agladze et al. 
1998).

Linguistically, Mingrelian is one of four extant Kartvelian 
languages. The Kartvelian family includes Georgian, 
Mingrelian and Laz, which are closely related, and Svan, which 
is an older member of the family (Boeder 2005; Chirikba 2008) 
(supplementary fig. S1, Supplementary Material online). 
Various theorists have posited the South Caucasus as a point 
of origin for the emergence of Kartvelian languages (Klimov 
1998), although others suggest they were also once spoken 
in Anatolia (Diakonoff and Starostin 1986; Kassian 2010; 
Oštir 1921; Kavtaradze 1983, 2002). Some historians and 
archaeologists (e.g., Javakhishvili 1998) believe that 
Proto-Kartvelian arose in an area encompassing present-day 
Georgia. Under this scenario, Proto-Kartvelian was likely pre
sent in western Georgia by the early Bronze Age, and the 
Svan and Georgian-Zan languages, representing the deepest 
branch of Kartvelian, probably separated not long after that 
(Javakhishvili 1998) (supplementary fig. S2, Supplementary 
Material online). The closely related Laz and Mingrelian lan
guages appear to have diverged relatively recently, perhaps 
because of the westward spread of Georgian in the first mil
lennium CE (Kavtaradze 1983).

Today, Mingrelian is spoken throughout the seven muni
cipalities of Samegrelo (Tsalenjikha, Chkhorotsqu, Abasha, 
Martvili, Zugdidi, Khobi, and Senaki) and, prior to the 
armed conflict of 1992–1993, in a greater portion of 
Abkhazia than today (Vamling and Tchantouria 2005). 
There is no reliable numerical estimate of contemporary 
Mingrelian speakers, as all Kartvelian speakers are com
bined as an ethnolinguistic group in the national census 
(GeoStat 2016). All Mingrelians and Svans are also at least 
conversant in Georgian (Vamling and Tchantouria 2005). 
While it has been written with the Georgian alphabet since 
the mid-19th century, Mingrelian is not taught in schools 
and does not have a literary tradition (Hewitt 2017).

Given the historical and linguistic complexity of this 
region, the relationships between the peoples residing on 
either side of the Caucasus mountains have been the focus 
of intensive study, as have those between Caucasus 
populations and populations occupying the East 
European steppe, the Middle East, and Central Asia 
(Schönberg et al. 2011; Haber et al. 2016; Wang et al. 
2019). A primary question is the extent to which 

Significance
Genomic studies of Caucasus populations have tended to reveal a complex migration history linked to the modern hu
man settlement of western Eurasia, although leaving unanswered questions about the peopling of the Caucasus region 
itself. Our genetic analysis of Mingrelians from western Georgia showed them to have significant mitochondrial DNA, 
Y-chromosome, and autosomal diversity, while also revealing subtle differences between North and South Caucasus 
populations, both modern day and prehistoric. Contextualized with data from Bronze Age individuals, our results sug
gest that Georgian populations likely emerged as a distinct gene pool in the Bronze Age and were influenced by later 
expansions of populations into the region.
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neighboring peoples of the Caucasus who do not share a 
language affiliation are genetically related to each other 
(Nasidze et al. 2004; Balanovsky et al. 2011). Our previous 
study of Svan genetic history (Yardumian et al. 2017) de
monstrated significant mitochondrial DNA (mtDNA) het
erogeneity and more limited diversity in the 
nonrecombining region of the Y-chromosome (NRY) in 
this population, as well as the close genetic affinity be
tween Svans and neighboring highland populations 
(Abkhazians and Ossetians) who do not speak Kartvelian 
languages. This observation suggested that the pattern of 
genetic variation for Mingrelians could be the same.

Thus, to elucidate the history of Mingrelians and their re
lationship with populations from the Caucasus and neighbor
ing regions, we conducted an anthropological genetic study 
in Samegrelo, an important cultural–historical region in 
western Georgia (fig. 1). Relatively few genetic data from 
Mingrelians have been previously published (e.g., Roostalu 
et al. 2006; Khusnutdinova et al. 2012), and these alone 
were hardly sufficient to detect patterns of genetic variation 
in this region of Georgia. Our phylogeographic analyses of 
mtDNA and Y-chromosome data provide a more compre
hensive picture of Mingrelian population history from the 
haploid level, while the analyses of autosomal single 

nucleotide polymorphism (SNP) diversity reveal Mingrelians 
to have genetic affinities with other Caucasus populations, 
with subtle differences between North and South Caucasus 
groups being evident. Overall, this analysis contributes new 
insights into the genetic diversity of Mingrelia and expands 
our knowledge of the history of the culturally diverse 
Caucasus region in which it is situated.

Results

mtDNA Diversity in Mingrelians

We analyzed mtDNA diversity in 446 Mingrelian-speaking 
individuals representing 29 communities from across the 
province of Samegrelo (Mingrelia). We utilized data gener
ated from control region (CR) sequencing and genotyping 
of mitogenomes with 5,205 SNPs, the majority of which oc
curred in the coding region. Comparison of the CR se
quences and SNP genotypes produced haplogroup (hg) 
calls that were essentially congruent with each other 
(supplementary table S1, Supplementary Material online).

Overall, Mingrelians exhibited considerable mtDNA hg 
diversity. They possessed high frequencies of West 
Eurasian hgs (H, HV, I, J, K, N1, R1, R2, T, U, and W), 

FIG. 1.—A map of the administrative districts of Georgia. Redrawn by Girmaye Misgna based on a color map available at OnTheWorldMap (https:// 
ontheworldmap.com/georgia/map-of-georgia-1500.jpg).
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including some of the highest frequencies and diversity of 
X2 and X4 yet detected. Certain East Eurasian hgs (A, C, 
D, and F) appeared at low frequencies and represented 
some 3.59% of Mingrelians’ mitochondrial gene pools 
(table 1). Many of these maternal lineages had previously 
been observed in neighboring Svans (Yardumian et al. 
2017). By comparison, the aggregate population of 
Georgians (i.e., not including Mingrelians and Svans) 
showed a relatively similar pattern of hg diversity to those 
seen in both Mingrelians and Svans, despite it being com
prised individuals living in several different areas of the 
country.

We also examined patterns of matrilineal diversity in the 
Caucasus and surrounding regions. As shown in figure 2, 
the distribution of mtDNA hgs was relatively similar for popu
lations from the North and South Caucasus, although possibly 
affected by the sample sizes for them. Among South Caucasus 
populations, the Svans differed subtly from Mingrelians and 
Georgians (i.e., exclusive of Svans and Mingrelians) in terms 
of their high frequency of hg W mtDNAs and lack of hg HV 
mtDNAs. By contrast, Armenians have a more divergent lin
eage distribution in which hgs H and HV comprised nearly 
40% of their mtDNAs, and East Eurasian hgs were absent.

Phylogeographic Analysis of Mingrelian mtDNA 
Haplotypes

To further evaluate the mtDNA diversity in Mingrelians, we 
conducted phylogenetic analyses of specific maternal lineages 
present in this population using network analysis. We included 
in our analysis data from comparative populations to better 
delineate the phylogeography of these hgs. We focused on 
several lineages that had the potential to reveal insights into 
the genetic diversity present of Georgian populations, includ
ing the widespread hgs U4 and X2 (and their sub-branches) 
and the East Eurasian hgs C4a1a, D4g2a, and F1b1.

hg U4

U4 was the most common mtDNA hg in Mingrelians (11.1%). 
Its haplotypes occurred at a higher frequency and greater di
versity than seen in Svans. Out of 54 Mingrelian U4 lineages, 
28 represented six different haplotypes within the U4a sub
clade, and 21 (seven haplotypes) belonged to the U4b1b sub
clade (supplementary table S1, Supplementary Material
online). Based on these data, U4a and U4b1b were the 
most common mtDNA subclades among Mingrelians.

The phylogenetic analysis of U4b1b haplotypes from 
Mingrelian and populations described in published sources 
revealed a Georgian branch of the U4b1b1 subclade 
(supplementary fig. S3, Supplementary Material online). 
Defined by the 16086C mutation, this cluster was present 
in only Georgians and a single Armenian (Derenko et al. 
2019). The star-like structure of the Georgian U4b1b1 +  
16086C subclade suggested that it arose relatively recently 
in this region. In addition, the two Mingrelian U4b1b2 hap
lotypes joined two from Svans (Yardumian et al. 2017) to 
compose a long branch, suggesting some degree of con
tinuity of this subclade within western Georgia.

Overall, the phylogeography of U4b1b points to its deep 
roots in Europe or the Pontic steppe. While phylogenetic ana
lysis of contemporary lineages suggested a dispersal from 
the Near East into Siberia and Altai region no later than 
4,000 years before present (ybp) (Malyarchuk et al. 2010; 
Dulik et al. 2012; Derenko et al. 2014), the majority of ancient 
and contemporary U4b1b haplotypes are reported from 
continental Europe (https://www.yfull.com/mtree/U4b1b/). 

Table 1 
mtDNA hg Frequencies in Mingrelians, Svans, and Georgians

Mingrelians Svans Georgians*

Hg n % n % n %

A 2 0.44 0 — 0 —
C 3 0.66 7 3.80 2 2.67
D 6 1.32 3 1.63 1 1.33
F1 5 1.10 0 — 1 1.33
H 66 14.54 33 17.93 24 32.00
HV 18 3.96 2 1.09 0 —
I1 16 3.52 3 1.63 3 4.00
I3 1 0.22 0 — 0 —
J 11 2.42 1 0.54 3 4.00
K 42 9.25 29 15.76 4 5.33
N1 0 — 1 0.54 1 1.33
N1a 3 0.66 0 — 0 —
N1b 17 3.74 2 1.09 1 1.33
N9 3 0.66 0 — 0 —
R0a1 0 — 1 0.54 0 —
R1 8 1.76 0 — 0 —
R2 7 1.54 3 1.63 0 —
T 0 — 6 3.26 8 10.67
T1 20 4.41 3 1.63 4 5.33
T2 34 7.49 8 4.35 2 2.67
U 0 — 3 1.63 1 1.33
U1 16 3.52 15 8.15 0 —
U2 9 1.98 11 5.98 2 2.67
U3 30 6.61 4 2.17 3 4.00
U4 52 11.45 4 2.17 3 4.00
U5 15 3.30 5 2.72 5 6.67
U7 4 0.88 3 1.63 1 1.33
V 0 — 0 — 2 2.67
W 21 4.63 24 13.04 2 2.67
X2 39 8.59 12 6.52 2 2.67
X4 6 1.32 1 0.54 0 —
Total 454 99.97 184 99.97 75 100.00

NOTE.—The Svan data were taken from Yardumian et al. (2017). The asterisk 
(*) indicates that the Georgian data were combined from Yardumian et al. (2017), 
Nasidze et al. (2004), and this study and represent persons from different regions 
of the country. Georgians from this study (n = 6) had F1c, T1a (2), T2, U3b, and U5a 
mtDNAs. For individuals excluded from this table: non-Mingrelian Georgian 
citizens (n = 3) had H1b1, K1c, and U4 mtDNAs; Mingrelian speakers with Slavic 
admixture (n = 14) had H, H1b2, H26a1, H28, H5a1 (2), HV1a, Ila1, K1a3, R1a, 
T1a, T2, U4a, and U5b mtDNAs; and Mingrelian relatives (n = 7) had HV1a, I1b, 
I3, T1a, T2, U1a, and U3 mtDNAs.
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Paleogenomic studies have also revealed the presence of 
U4b1b among Mesolithic and Neolithic individuals from 
Germany, Serbia, and Ukraine (Allentoft et al 2015; 
Mathieson et al. 2018; Narashimian et al. 2019; Rivollat 
et al. 2020; Juras et al. 2021). Based on this evidence, 
Europe/Pontic region is the likely source of U4b1b haplo
types in Mingrelians.

hg X2

hg X2 mtDNAs occurred in 36 individuals (7.4%) at one of the 
highest frequencies observed in human populations. The most 
common subclade among Mingrelians was X2f, which was re
presented by 17 individuals belonging to ten haplotypes 
(supplementary table S1, Supplementary Material online). A 
rare subclade with strong presence in South Caucasus, X2f, 
has previously been identified in both Svans (Yardumian et 
al. 2017) and Iranians (Derenko et al. 2013). The rest of the 
X2 haplotypes appeared in 19 other Mingrelians, the majority 
of which belonged to three branches of the X2 + 225 clade, 
primarily subclades X2d and X2e. These subclades have been 
previously reported in Svans, among whom X2n is also present 
(Yardumian et al. 2017). As seen for X2f, they are found across 
the South Caucasus but occur at low frequencies elsewhere in 
Europe and the Middle East (Reidla et al. 2003; Shlush et al. 
2008).

Our network analysis confirmed the great diversity of X2f 
haplotypes among Mingrelians. Half of the known X2f 

haplotypes appeared in Mingrelians, with only one being 
shared with populations from Lebanon and Italy 
(supplementary fig. S4, Supplementary Material online). 
With few cases reported from outside the Caucasus, this dis
tribution suggested that X2f originated in this region. In sup
port of this view, the earliest paleogenomic evidence for X2f 
comes from early Bronze Age Maykop (fourth millennium 
BCE, Adygea [Russia]) and Kura-Araxes (third millennium 
BCE, Armenia) sites (Lazaridis et al. 2016; Wang et al. 2019), 
confirming the presence of this subclade in the Caucasus since 
at least 5,500 ybp. Given these findings and limited evidence 
for their distribution into Europe and the Middle East, hg X2f 
haplotypes appear to have been present in this region at low 
frequencies since that time.

Supplementary Figure S5, Supplementary Material online 
shows the phylogenetic relationships between the rest of 
the Mingrelia hg X2 haplotypes. Nearly all of these haplo
types belonged to subclades X2d and X2e2. As seen with 
other sub-branches of X2, they have been previously re
ported in Svans (Yardumian et al. 2017). With 75% of the 
haplotypes being exclusive to Mingrelians and other 
Georgians, this network points toward to the continuity of 
X2d and X2e2 haplotypes in this region of the South 
Caucasus. Although X2d and X2e2 are rarely seen in West 
Eurasia, many of their longer branches are represented by in
dividuals from the Caucasus and Iran, suggesting a deeper 
history of these subclades in these regions. From a paleomi
togenomic perspective, X2d haplotypes have been identified 

FIG. 2.—mtDNA hg frequencies in Georgians and comparative populations. All East Eurasian hgs (A–G, Y, and Z) have been aggregated into a single hg 
category because of their relatively limited representation in Mingrelians and neighboring populations. Data sources: Mingrelians = this study (n = 446); 
Georgians = this study, Yardumian et al. (2017), and Battaglia et al. 2009 (n = 75); Svans = Yardumian et al. (2017) (n = 184); Armenian = Herrera et al. 
(2012) (n = 36); South Ossetian = Yunusbayev et al. 2012 (n = 24); North Ossetian = Balanovsky et al. (2011) (n = 138); Abkhaz = Balanovsky et al. (2011)
(n = 136); Circasssian = Balanovsky et al. (2011) (n = 123); Kabardine = Balanovsky et al. (2011) (n = 150).
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in Neolithic Anatolia (Mathieson et al. 2015) and those for 
X2d1 in Neolithic Hungary and Germany (Lipson et al. 
2017), while the earliest evidence for X2e comes from a 
sample from Alalakh (ALA04; Hatay Province, Turkey) dated 
to 1,776–1,853 cal BCE (∼3,850 ybp) (Skourtanioti et al. 
2020).

X4 is a rare hg with a geographic distribution similar to 
those of the major Eurasian X2 subclades. It is present at 
very low frequencies in the South Caucasus and the 
Middle East, as well as in Europe (particularly the Balkans 
and Eastern Europe) and Central Asia (Fernandes et al. 
2012; Röck et al. 2013). Network analysis of X4 haplotypes 
revealed considerable diversity in Georgia, with Mingrelian 
haplotypes being present on all major branches of this lin
eage and separated from each other by numerous mutations 
(supplementary fig. S6, Supplementary Material online). The 
oldest known X4 paleomitogenomes have been identified in 
individuals from third millennium BCE Scythian (Järve et al. 
2019) and Ukrainian Catacomb culture (Juras et al. 2018) 
sites. Such findings suggest a tentative connection between 
the Pontic steppe and the South Caucasus.

Aside from these West Eurasia hgs, Mingrelians exhib
ited a low frequency of mtDNAs belonging to maternal 
lineages more commonly found in East Eurasia, specifical
ly hgs C4a1a, D4, and F1b1. The networks for these hgs 
(supplementary figs. S7–S9, Supplementary Material on
line) revealed Mingrelian haplotypes to occupy positions 
on the extended branches of these networks rather 
than the internal nodes. We elaborate on these details 
below.

hg C4a1a

hg C4a1a appeared in Mingrelians as a single haplotype 
shared by three individuals. A median-joining network in
cluding all available C4a1a sequences from previous studies 
(n = 110) and the Mingrelian individual showed that the 
vast majority of C4a1a haplotypes appear in Central 
Asian populations (Kong et al. 2006; Metspalu et al. 
2006), although a few were present in Slavic speakers 
(Mielnik-Sikorska et al. 2013) (supplementary fig. S7, 
Supplementary Material online). The Mingrelian C4a1a 
haplotype was closely related to the modal type, which en
compasses numerous samples from Central Asia and 
Eastern Europe and a few from Daghestan and Turkey. 
Overall, the typology of the C4a1a network suggests a 
largely westward dispersal of these haplotypes into the 
Caucasus, possibly through the steppe.

hg D4

While hg D mtDNAs have previously been noted in Svans 
(Yardumian et al. 2017), the presence of a D4g haplotype 
in four Mingrelians was curious. The subclade to which 
these mtDNAs belong, D4g2a, is largely limited to eastern 

China and specifically Han Chinese and Mongol popula
tions from Russia and northern China (Derenko et al. 
2010, 2018; Zhao et al. 2019) (supplementary fig. S8, 
Supplementary Material online). Ancient DNA evidence 
also confirmed the presence of this subclade in archaeo
logical samples from eastern China (Henan Province) that 
dated to over 6 kya (Ning et al. 2020). Interestingly, the 
D4g2a haplotype in Mingrelian individuals was identical 
to one reported in a Svan individual (Yardumian et al. 
2017) and also two Han Chinese individuals (Loo et al. 
2014; Zhang et al. 2014). Although difficult to make phylo
geographic inferences about D4g2a in Georgia based on 
one to two haplotypes, it is nevertheless notable that this 
subclade has not been reported elsewhere in the 
Caucasus, Anatolia, or the greater Near East.

hg F1b1

hg F1b1 appeared in six Mingrelians in the form of two hap
lotypes. F1b1 has previously been reported in China, Nepal, 
and Vietnam and occurs in the South Caucasus, Iran, and 
Central Asia at very low frequencies (Schönberg et al. 
2011; Derenko et al. 2013). Within the median-joining net
work of F1b1, the two Mingrelian haplotypes appeared on 
a branch descending from a haplotype present in both 
Nepal (Wang et al. 2012) and Yunnan (China) (Zhang 
et al. 2016) (supplementary fig. S9, Supplementary Material
online). Overall, the F1b1 network reflects the diversity of 
this subclade in Asia, Iran, and the South Caucasus, where 
it also appears in Armenians, Azeris, and Georgian Jews 
(Behar et al. 2008; Schönberg et al. 2011). The vast territory 
in which this relatively rare subclade appears suggests an 
early dispersal for it. In fact, the earliest paleogenomic evi
dence of F1b1 comes from two early Neolithic Cis-Baikal in
dividuals whose mtDNAs belonged to F1b1b (Kılınç et al. 
2018). Although this analysis does not reveal a clear geo
graphic relationship between the F1b1 haplotypes in 
Mingrelians and those in other populations, it is likely that 
they were introduced into Georgia via Iran, given their ab
sence in European Russia and their presence in Central Asia 
and Iran.

Y-Chromosome Diversity in Mingrelians

We analyzed Y-chromosome diversity in a total of 366 
Mingrelian-speaking males. We utilized data generated 
from Y-short tandem repeat (STR) genotyping using the 
Yfiler kit and the genotyping of the NRY with 10,272 
SNPs. Comparison of the Y-STR haplotypes and SNP geno
types produced hg calls that were congruent with one an
other (supplementary table S2, Supplementary Material
online). As with the mtDNA data, we were able to identify 
the hg status of most samples to a fine subclade level.

Mingrelians possessed nine major hgs, including E1b1b, 
G2a, I2, J1, J2, L, Q, R1a, and R1b (table 2). As with Svans, 
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Abkhazians, and Ossetians (Balanovsky et al. 2011; 
Yardumian et al. 2017), G2a was the most frequently oc
curring of these paternal lineages. J2a, which also is found 

at high frequencies in Iran, Anatolia, and especially among 
Chechen and Ingush speakers in the North Caucasus, was 
the next most frequent. Other Western Eurasian hgs, 
such as E1b1b, J1a, R1a, and R1b, were observed at modest 
to moderate frequencies. L1b, which was not found in our 
Svan sample and appeared at very low frequency in certain 
published Caucasus groups (e.g., Battaglia et al. 2009), oc
curred at a moderate frequency in Mingrelians. Finally, we 
detected hgs I2, Q1b, and G1 haplotypes at low frequen
cies in Mingrelians.

Comparative Y-Chromosome Diversity in the Caucasus 
and Near East

Mingrelians had a significant frequency of NRY hg G2a, al
though not as high as previously reported in Svans. Svans 
had mostly G2a haplotypes, with the rest belonging largely 
to hgs J2, I2, N, and R1a (Yardumian et al. 2017). Unlike 
Svans, Mingrelians had moderate frequencies of J2a and 
L1b Y-chromosomes. Thus, despite some significant over
lap in lineage frequencies, Mingrelian and Svan populations 
had different Y-chromosome profiles.

Overall, Mingrelians showed a pattern of NRY hg diver
sity similar to those observed in most populations from 
the North and South Caucasus (fig. 3). Among South 
Caucasus populations, Svans differed from Mingrelians, 
Georgians, and other populations in terms of their high 

Table 2 
Y-chromosome hg Frequencies in Mingrelians, Svans, and Georgians

Mingrelians Svans Georgians

Hg n % n % n %

E1b1b 12 3.30 0 — 2 3.03
G1 2 0.55 0 — 0 —
G2a 162 44.51 73 78.49 21 31.82
I1 0 — 0 — 1 1.52
I2 3 0.82 4 4.3 0 —
J1 19 5.22 0 — 3 4.54
J2 102 28.02 6 6.45 21 31.82
L1b 25 6.87 0 — 0 —
L3 0 — 0 — 1 1.52
N 0 — 1 1.08 0 —
Q1b 5 1.37 0 — 0 —
R1a 17 4.67 9 9.68 7 10.60
R1b 17 4.67 0 — 6 9.09
R2 0 — 0 — 3 4.54
T 0 — 0 — 1 1.52
Total 364 100.00 93 100.00 66 100.00

NOTE—The Svan data were taken from Yardumian et al. (2017). The Georgian 
data were taken from Battaglia et al. (2009). Georgians from this study (n = 4) had 
G2a and J2a (3) Y-chromosomes, while those from Yardumian et al. (2017) (n = 6) 
had E1b1b, G2a (3), J2a, and R1b Y-chromosomes. The two Mingrelian individuals 
excluded from this table had a G2a (SAM 458) and L1b (SAM 293) Y-chromosomes.

FIG. 3.—NRY hg frequencies in Georgians and comparative populations. Data sources: Mingrelians = this study (n = 366); Svans = Yardumian et al. 
(2017) (n = 93); Georgians-b = Battaglia et al. (2009) (n = 66); Georgians-y = Yunusbayev et al. 2012 (n = 65); Armenians-h = Herrera et al. (2012)
(n = 110); Armenians-y = Yunusbayev et al. 2012 (n = 55); South Ossetians = Yunusbayev et al. 2012 (n = 21); North Ossetian (Iron = Balanovsky et al. 
(2011) (n = 230); North Ossetian (Digor) = Balanovsky et al. (2011) (n = 127); Abkhaz-b = Balanovsky et al. (2011) (n = 58); Abkhaz-y = Yunusbayev et al. 
2012 (n = 162); Circasssian = Balanovsky et al. (2011) (n = 142); Kabardins = Balanovsky et al. (2011) (n = 140).
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frequency of G2a Y-chromosomes, and Mingrelians had a 
higher frequency of hg L haplotypes than other groups. 
North Caucasus populations also had higher frequencies 
of hg R1a than South Caucasus groups. In addition, 
Armenians differed from other Caucasus populations in 
having higher frequencies of hgs E, J1, and R1b, while 
North and South Ossetians differed somewhat from each 
other based on their hg C, E, G, and I frequencies.

Phylogeographic Analysis of Mingrelian Y-Chromosome 
hgs

We initially used Y-STR haplotype data to infer the hg status 
of Mingrelian samples and determine the phylogeographic 
status. Once generating SNP data through microarray ana
lysis, we confirmed and elaborated these calls. We further 
constructed trees/networks with these haplotypes and 
used information available on the ISOGG website (https:// 
isogg.org) to generate refined phylogenetic trees of 
lineages present in Mingrelians. Because of their import
ance for the phylogeographic history of the South 
Caucasus, we discuss several of these major paternal 
lineages here.

hg G2a

In the current study of 372 Mingrelian males, 31.45% of 
them belonged to hg G2a-Z6653 (G2a1a1a-FGC693/ 
Z6653) (supplementary fig. S10, Supplementary Material
online). Y-chromosomes belonging to this branch have a 
time to most recent common ancestor (TMRCA) of 6,521 
ybp (https://www.yfull.com/tree/G-Z6653/). The variety of 
sub-branches within G2a-Z6653 also clearly reflects the 
deep roots of this hg in the Caucasus, whose estimated 
age suggests that it arose during the Neolithic period.

Unfortunately, the limited number of archaeological 
samples from the Caucasus available for ancient DNA ana
lysis has hampered the effort to trace the origin and an
tiquity of this lineage. In this regard, the oldest ancient 
samples from the parallel branch for G2a-Z6653 were 
found in a Neolithic individual from western Iran (dated 
to 5,837–5,659 BCE) (Lazaridis et al. 2016) and in a 
Neolithic individual from northern Iraq (dated to 8,300– 
7,900 BCE) (Lazaridis et al. 2022). These findings suggested 
a geographic nexus between Iran, Iraq, and the Caucasus 
for the origin of this G2a branch during the Neolithic 
period.

In the North Caucasus, Boulygina et al. (2020) analyzed 
two ancient samples from the Koban culture. One of them 
belonged to G2a1-FGC1159, a sub-branch of G2a-Z6653, 
which is also present in Mingrelians from this study and has 
been dated to 5,414 ybp (https://www.yfull.com/tree/G- 
FGC1159/). In addition, an Alan male dating to the fifth to 
sixth century CE belonged to G2a-Z6653, while a Sarmatian 
individual belonged to the G2a-FGC1053 sub-branch of 

G2a-Z6653 (Gnecchi-Ruscone et al. 2022), which dates to 
3,768 ybp (https://www.yfull.com/tree/G-FGC1053/). Due to 
the lack of SNP data from the interior branches of the G2a 
phylogeny, we could not confirm whether this subclade 
was represented in our Mingrelian samples.

Outside of the Caucasus, NRY haplotypes from 
G2a-Z6653 have been found in Europe. A sample from the 
Saltovo-Mayaki culture in the Belgorod region of Russia 
(Damgaard et al. 2018) likely belongs to G2a-Z6653, al
though the absence of terminal SNP (Neparáczki et al. 
2018; Fóthi et al. 2020) prevents us from assessing its rela
tionship with similar haplotypes in Mingrelians. Another 
sample from Hungary belonged to the G2a-FTB14662 sub- 
branch of G2a-Z6653 (Maróti et al. 2022). This sub-branch 
is found in various populations of the Caucasus including 
Mingrelians and is dated to 3,574 ybp (https://www.yfull. 
com/tree/G-FTB14662/). Thus, multiple subclades of G2a 
are present in the South Caucasus, suggesting this hg arose 
and diversified there prior to spreading to surrounding 
regions.

hg J2a

In the current study of 372 Mingrelian males, 10.75% of 
them belonged to hg J2a-Y11200 (J2a1a1a2b2a3b1a) 
(supplementary fig. S11, Supplementary Material online). 
Y-chromosomes belonging to this branch have a TMRCA of 
6,980 ybp (https://www.yfull.com/tree/J-Y11200/). The oldest 
archaeological samples having J2a-Y11200 Y-chromosomes 
were found in the Northwest Caucasus among individuals 
from the Eneolithic Darkveti-Meshoko culture (4,700–3,500 
cal BCE) (Trifonov 2009) and slightly later in the same region 
at sites associated with the Maykop Novosvobodnaya culture 
(fourth millennium BCE) (Nedoluzhko et al. 2014; Wang et al. 
2019). The dominant subclade of J2a-Y11200 in Mingrelians 
was J2a-Y30811, which has been dated to 4,700 ybp (https:// 
www.yfull.com/tree/J-Y30811/) (supplementary table S2, 
Supplementary Material online).

An additional 10.5% of Mingrelian males belonged to 
hg J2a-Y12379 (J2a1b2) (https://www.yfull.com/tree/J- 
Y12379/) and specifically to subclade J2a-Y12378 (https:// 
www.yfull.com/tree/J-Y12378/). Y-chromosomes belonging 
to this branch have a TMRCA of 11,015 ybp (https://www. 
yfull.com/tree/J-Y12378/). The oldest ancient samples having 
J2a-Y12379 Y-chromosomes have been found at the Kotias 
Klde rock shelter site in western Georgia, which has been da
ted to 9,529–9,895 ybp (Jones et al. 2015). The most com
mon sub-branch of J2a-Y12379 in Mingrelians is 
J2a-Y27964, which has been dated to 9,017 ybp (https:// 
www.yfull.com/tree/J-Y27964/). Notably, J-Z6046, a branch 
of J2a1 ancestral to J-Y12379 (i.e., the haplotype of the 
Kotias Klde Mesolithic individual) (https://www.yfull.com/ 
tree/J2/), is found in abundance among contemporary 
Mingrelians.
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hg L

We found that approximately 7% of Mingrelian men had 
hg L1b (L-M317) Y-chromosomes, with none occurring in 
Svans (Yardumian et al. 2017) and only 1.5% of 
Georgians having them (Battaglia et al. 2009). These results 
are generally consistent with data appearing in the 
Georgian DNA Project, which indicates that Laz from 
Georgia and Turkey, Mingrelians, Georgians, and one 
Svan also belong to this paternal lineage (https://www. 
familytreedna.com/public/georgia/default.aspx?section= 
yresults). L1b also appears in the North Caucasus, albeit at 
low percentages (Balanovsky et al. 2011; Yunusbayev et al. 
2012). In addition, hg L1b is also quite common among 
Pontic Greeks, being widespread in the southeastern 
Pontic region (Pontic and Anatolian Greek DNA Project; 
(https://www.familytreedna.com/public/russiangreeks?iframe= 
yresults).

Besides these regions, hg L1b is found among Lebanese 
Maronites (Platt et al. 2021), Italians, and Greeks (Battaglia 
et al. 2009) and populations from Iran, Afghanistan, and 
Pakistan (Di Cristofaro et al. 2013). Interestingly, the L1b 
haplotypes of the Maronites belong to a branch that “split 
from the Caucasus ancestral group around 7,300 years 
ago and migrated to the Levant” (Platt et al. 2021: 581). 
By contrast, the phylogeographic relationship between 
the Iranian and South Asian branches of L1b and those in 
Caucasus/Pontic group is unclear. Intriguingly, no L1b hap
lotypes are yet known from the aDNA record.

hg R1a

In this study, Mingrelians had 4.7% hg R1a-Z93 haplo
types, while both Svans (9.7%) and Georgians (10.6%) 
had higher frequencies of this paternal lineage. R1a-Z93 
haplotypes have also been noted in Georgian individuals 
hailing from various parts of the country based on data 
from the Georgian DNA Project. In addition, R1a occurred 
in North Caucasus populations albeit at varying frequencies 
in different ethnic groups (supplementary table S2, 
Supplementary Material online).

Y-chromosomes belonging to this SNP hg date to 4,501 
ybp (https://www.yfull.com/tree/R-Z93/). When assessing 
their age, the haplotypes of R1a-Z93 in Mingrelians gave 
a lower TMRCA of 2,930 ± 359 ybp. This date could 
possibly reflect a recent migration into the Caucasus or 
indicate a recent bottleneck of R1a-Z93 bearers in 
Mingrelians that led to reduced haplotypic diversity in 
this group. It should be noted, in this context, that the 
R1a-Z93 haplotypes present in the Srubnaya archaeologic
al culture of the Ponto-Caspian steppe, which is thought 
to derive from the Yamanya culture, has been dated to 
1,900–1,200 BCE (Engovatova et al. 2023; Saag et al. 
2021).

hg R1b

We observed that 4.7% of Mingrelian men had hg R1b 
(R-Z2103/CTS1078) Y-chromosomes, with none occurring 
in Svans (Yardumian et al. 2017) and 9.1% of Georgians 
sampled by Battaglia et al. (2009) having them. These re
sults are again consistent with data appearing in the 
Georgian DNA Project database, where Georgians from 
various parts of the country possess this paternal lineage. 
R1b is also present in North Caucasus populations at vari
able frequencies (supplementary table S2, Supplementary 
Material online), suggesting its wider presence in this 
region.

Interestingly, all 17 haplotypes from hg R1b in 
Mingrelians belonged to the R1b-Z2103 subclade, which 
also occurs frequently in Georgians. Y-chromosomes be
longing to this subclade are estimated to have arisen 
5,894 ybp (https://www.yfull.com/tree/R/). This subclade 
also occurs in 17 individuals from the Yamnaya culture 
(5,399–4,600 ybp) (Haak et al. 2015), which is proposed 
to have spread Indo-European languages into different 
parts of Eurasia (Anthony 2007; Reich 2018). In light of 
this evidence, it is possible that Yamnaya people spread 
R1b Y-chromosomes into the Caucasus region, where 
they now appear in modern-day Mingrelians. However, 
R1b-Z2103 haplotypes appear in numerous European and 
Middle Eastern populations, suggesting that there could 
possibly be other geographic sources of R1b haplotypes 
in Mingrelians.

Autosomal SNP Diversity in Mingrelians

We analyzed Mingrelian autosomal data in several different 
ways to elucidate their population history. The first was to 
project Mingrelians onto European or Eurasian populations 
that were previously genotyped on the Human Origins (HO) 
array in a principal component (PC) plot (Lazaridis et al. 
2014) (fig. 4). Almost all Mingrelian individuals clustered to
gether and were very similar to previously analyzed 
Mingrelians (Lazaridis et al. 2014) (red points in fig. 4). 
We also noted a general North Caucasus versus South 
Caucasus difference (c.f. Wang et al. 2019), as well as a dis
tinction where some North Caucasus populations located in 
the piedmont (e.g., Chechens and Adygei) had Russian-like 
ancestry (but not necessarily ethnic Russian ancestry per se).

As previously noted, 20 individuals in our data set ap
peared as outliers in the PC analysis (PCA) plot (green points 
in fig. 4) and were excluded from further analysis. For most of 
them, individuals of Russian, Belorussian, or Ukrainian ances
try had married into their families over the past three genera
tions, although the genealogical data for a small subset were 
not entirely clear on this point. Interestingly, none of the out
liers included anyone having Abkhaz, Armenian, Georgian, 
Ossetian, or Svan ancestry in their family history unless they 
also included Slavic admixture. This result affirmed that we 
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were detecting a Caucasus-based genomic signature in the 
Mingrelian samples on the PCA plot.

Within the main cluster of Mingrelian individuals, we 
found no evidence of population structure using PCA 
(supplementary fig. S12, Supplementary Material online) or 
supervised clustering with ADMIXTURE (supplementary fig. 
S13, Supplementary Material online). We did find some evi
dence of decreasing identity by descent (IBD) with distance 
between pairs of sampling locations (by about 0.1 Mb/km; 
supplementary fig. S14, Supplementary Material online), al
though this trend was not statistically significant (permuta
tion P-value of 0.07, excluding the outlier pair of Taleri vs. 
Salkhino).

We found limited evidence for recent consanguinity. 
One individual had 3 long (>10) runs of homozygosity 
(ROH) and around 110 Mb in total, almost twice the 
mean and corresponding to parents who were second cou
sins (supplementary fig. S15, Supplementary Material

online). Otherwise, the average total ROH was around 65 
Mb. Based on estimated IBD, we identified 20 pairs of indi
viduals with recent relatedness, including nine pairs of first- 
degree relatives, four pairs of second-degree relatives, and 
seven pairs of third-degree relatives. For the sake of clarity 
of outcome, we removed one individual from each of these 
pairs for the PCA, ADMIXTURE, and IBD analyses.

We further analyzed the Mingrelian autosomal data in 
relation to genomic data for only populations from the 
Caucasus, Turkey, Iran, and Russia to evaluate their genetic 
affinities on a more localized geographic scale (fig. 5a). 
Nearly all Mingrelian individuals in our study clustered to
gether and were similar to the Mingrelians and 
Abkhazians genotyped by Lazaridis et al. (2014). Turkish, 
Armenian, and Iranian individuals also clustered together, 
as did most of the North Caucasus populations. As before, 
Russians were distinct from all other populations analyzed 
in this PCA plot.
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Mingrelians) are shown in red. Outliers for Mingrelians, shown as green points, were removed from further analysis. According to Lazaridis et al. (2014), from 
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In addition to analysis with present-day populations, we 
compared the Mingrelian genomic data with those from 
ancient individuals from the Bronze Age Caucasus 
(Caucasus_BA) and the steppe region to the North (Wang 
et al. 2019) (fig. 5b). The dashed line shows the approximate 
geographic boundary between present-day North Caucasus 
and South Caucasus populations. Interestingly, the Bronze 
Age North Caucasus samples (Maykop and Kura-Araxes) 
projected onto present-day South Caucasus populations, 
while present-day North Caucasus populations were shifted 
to the left in the direction of Bronze Age steppe ancestry. The 
Bronze Age North Caucasus populations were also located 
just north of the mountains (on the left of the dotted line). 
This distinction was also shown by the D statistic D(Mbuti, 
Mingrelia, Caucasus_BA, Steppe Maykop) with Z = −8.5.

These results may reflect an expansion of steppe ancestry 
into the North Caucasus that did not extend south of the moun
tains. Without additional Bronze Age Georgian samples for 
comparison, though, it is difficult to make a firm conclusion 
about this pattern. Taken together, these results indicate a rela
tively genetically homogeneous population in Mingrelia and a 
significant degree of population continuity in the wider 
Caucasus region since at least since the Bronze Age.

We further investigated whether the Mingrelian samples 
represented a clade with the Bronze Age Caucasus relative 
to neighboring present-day populations from the Simons 
Genome Diversity Project (Mallick et al. 2016) using D sta
tistics of the form D(Mbuti, X, Caucasus_BA, Mingrelia) 
(table 3). We found no significant results except when X 
was a sample from present-day Mingrelia.

To assess possible links between Mesolithic and modern-day 
populations from the Caucasus, we projected genomic data 
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FIG. 5.—(a) PCs plot of newly genotyped Mingrelians and 171 individuals from the Caucasus, Turkey, Iran, and Russia genotyped on the HO array. PC1 
and PC2 explain 0.6% and 0.3% of the variance in the plot, respectively. (b) PC analysis of newly genotyped Mingrelians and 91 individuals from present-day 
Caucasus populations genotyped on the HO array, with ancient Bronze Age North Caucasus individuals projected onto them. The black dots identify the CHG 
samples. The dashed line indicates the approximate divide between present-day North and South Caucasus populations. The black squares with an “x” inside 
of them represent data from Bronze Age individuals analyzed in Wang et al. (2019). The nine ancient individuals, the archaeological sites at which they were 
recovered, and their associated archaeological cultures include the following: ARM001 = Kaps site, Armenia, Kura-Araxes culture; ARM002 = Kaps site, 
Armenia, Kura-Araxes culture; I6266 = Klady site, (Adygea) Russia, Maykop Novosvobodnaya culture; I6267 = Klady site, (Adygea) Russia, Maykop 
Novosvobodnaya culture; I6268 = Klady site, (Adygea) Russia, Maykop Novosvobodnaya culture; I6272 = Klady/Dlinyana Polyana site, (Adygea) Russia, 
Maykop Novosvobodnaya culture; MK5004 = Mar’inskaya site, (Stavropol) Russia, Late Maykop culture; MK5008 = Mar’inskaya site, (Stavropol) Russia, 
Late Maykop culture; VEK007 = Velikent site, (Daghestan) Russia; Kura-Araxes culture. All of these aDNA samples have been dated to between 5,600 
and 4,500 cal BP. PC1 and PC2 explain 0.4% and 0.3% of the variance in this plot, respectively (excluding the projected samples).

Table 3. 
D Statistics for Mingrelian and Comparative Populations in the Form 
D(Mbuti, X, Caucasus_BA, Mingrelia)

X D (Z score)

Armenian 0.934
Sardinian 1.328
Russian −1.765
Turks 0.582
North Ossetian 0.217
Iranian −0.978
Han Chinese −1.400
Georgian 2.872

NOTE.—For this standard Z score, a two-sided cutoff for P = 0.05 is ±1.96.

Genetic Analysis of Mingrelians                                                                                                                                        GBE

Genome Biol. Evol. 15(11) https://doi.org/10.1093/gbe/evad198 Advance Access publication 3 November 2023                             11

D
ow

nloaded from
 https://academ

ic.oup.com
/gbe/article/15/11/evad198/7341981 by U

niversity of Pennsylvania Library user on 30 N
ovem

ber 2023



from the Kotias Klde and Satsurblia Caucasus Hunter-Gatherer 
(CHG) samples (Jones et al. 2015) onto the PCA plot of ancient 
and modern data (fig. 5b). Intriguingly, the CHG samples 
projected in the middle of a cluster containing ancient and 
modern South Caucasus populations. While tempting to 
interpret these results as indicating genetic continuity between 
the ancient CHG and present-day South Caucasus populations, 
they more likely reflect the fact that all modern populations 
share the same relative proportion of CHG ancestry (∼30% 
CHG and ∼70% Anatolian Chalcolithic ancestry; Wang et al. 
2019) and are genetically equidistant from the CHG samples. 
The slight divergence of the North and South Caucasus clusters 
likely reflects later genetic “dilution” of North Caucasus groups 
from Steppe/European Hunter-Gatherer-related populations 
(Wang et al. 2019).

Discussion
This study presents genetic data from the largest number of 
Mingrelian (Georgian) individuals analyzed to date. 
Mingrelians show significant mtDNA and Y-chromosome 
diversity in terms of hg composition and haplotype diversity 
and are more diverse than Svans from the coextensive re
gion north of them. This difference may be partly due to 
the Mingrelian sample being twice the size of the Svans 
but perhaps also the role that this region of western 
Georgia played in population movements through the 
South Caucasus. The presence of rare East Eurasian haplo
types in Mingrelians further points to complex stories to ex
plain their presence in the South Caucasus.

Aside from the recent merger of Samegrelo and Upper 
(Zemo) Svaneti into a single administrative unit (fig. 1), 
these neighboring regions are likely to have been in com
mercial and perhaps bride-exchange contact for centuries. 
Historical accounts indicate that, for centuries, many great 
Svan men lived by performing migrant labor, dwelling al
most full time in Samegrelo (Gelovani 2003). Still, differing 
frequencies of paternal hgs, including hgs L1b, Q, and R1b 
in Mingrelians, showed that these populations are not uni
form in their genetic makeup.

Autosomal SNP data reveal Mingrelians to be genetic
ally similar to Georgian individuals previously genotyped 
for autosomal markers. Mingrelians did not show signifi
cant genetic structure in the region, although there was 
tentative evidence of decreasing IBD with distance be
tween pairs of sampling locations. In addition, the com
parison of genomic data from Mingrelians and Bronze 
Age populations from the Caucasus revealed them to 
be largely the same. Taken together, these results indi
cate the presence of a relatively homogeneous popula
tion in Mingrelia, one that likely represents a high 
degree of population continuity in the wider Caucasus re
gion since at least the Bronze Age, as further suggested 
by D statistics. These results further suggest that 

Mingrelians as a population may have evolved along 
with the Mingrelian language over this same period.

Along similar lines, our data suggest that the genetic pro
file of Mingrelians took shape form before the Colchian cul
ture emerged in western Georgia circa 1,500 BCE (Apakidze 
2008). In this regard, researchers have noted a continuity in 
material culture in Mingrelia through the Bronze and Iron 
Ages (e.g., Sagona 2017), by which time Svaneti to the north 
was likely settled (Chartolani 1974). Interestingly, despite 
this continuity, there is a lack of population structure in 
Samegrelo. This finding is generally consistent with our ob
servation that Mingrelian surnames are not linked to specific 
Y-chromosome hgs, thus suggesting the absence of clans or 
lineages based on patrilineal affiliation.

If Mingrelian population diversity began taking shape 
around the Bronze Age of the Caucasus, then it becomes 
important to determine the groups that contributed to it. 
Among these groups could have been settlers from the 
greater Near East or local CHG and other past populations 
(genomic groups) who also influenced the pattern of gen
etic diversity in Eurasia. In this regard, Bronze Age South 
Caucasus populations have previously been modeled as 
having about 30% CHG-related ancestry, with the rest 
coming from populations related to Chalcolithic groups 
from present-day Iran and Armenian (Wang et al. 2019). 
Since our data show contemporary Mingrelians to be fairly 
similar to these Bronze Age populations, we expect their 
CHG ancestry proportions to be similar in composition. 
This interpretation is further supported by the D statistic 
for D(Mbuti, CHG, Caucasus_BA, Mingrelia), which is not 
significantly nonzero (Z = 0.895).

Still, these statistical results should be taken with some cau
tion due to the small size of the CHG sample (two individuals) 
being used to generate them (Wang et al. 2019). Interestingly, 
the two CHG samples have mtDNA and Y-chromosome hgs 
commonly observed in the South Caucasus and Near East. 
Kotias Klde (KK1), which dates to 7,940–7,600 cal BP, has 
mtDNA hg H13c and NRY hg J2-Y12379*, whereas 
Satsurblia (SATP), which dates to 11,430–11,180 cal BP, has 
mtDNA K3 and NRY hg J1-FT34521 (Jones et al. 2015). 
Each of these hgs dates back to at least the Mesolithic 
(https://www.yfull.com/mtree/H13c/; https://www.yfull.com/ 
tree/J-Y12379/; https://www.yfull.com/mtree/K3/; https:// 
www.yfull.com/tree/J-FT34521/). One Neolithic Anatolian 
also has a hg J2a Y-chromosome and bears significant CHG 
ancestry (Mathieson et al. 2015), suggesting that CHG was 
also present in Neolithic Anatolia. What CHG individuals 
lack are hgs occurring at significant frequencies in modern- 
day Mingrelians, such as mtDNA X2 and U4 and NRY G2a. 
By contrast, other Bronze Age Caucasus samples show the 
same types of mtDNA and Y-chromosome hgs seen in con
temporary Mingrelians, Svans, and Georgians (Wang et al. 
2019). This observation suggests that the observed pattern 
of haploid genetic diversity had emerged by this time.
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While present at low frequencies, the presence of eastern 
Eurasian mtDNA hgs dsC4a1a, D4, and F1b1 in an otherwise 
genomic western Eurasian population is curious and re
quires explanation. First, it is extremely unlikely that these 
lineages are survivors of Paleolithic settlement of Eurasia 
when the human genetic landscape may have looked vastly 
different. Instead, they likely reflect more recent population 
events, such as the westward expansions of Turkic-speaking 
populations. Evidence of these expansions is the presence of 
Turkic-speaking groups in the North Caucasus, such as 
Kumyks, Karachay-Balkars, and Nogais, and Azeris in the 
South Caucasus. There is also the Meskhetian dialect of 
Turkish, which arose from the regions of Kars, Ardahan, 
and Artvin and spread into nearby Samtskhe-Javakheti rela
tively recently (16th–17th century CE) (Aydıngün et al. 
2006). Although individuals speaking the latter two lan
guages have not yet been adequately sampled for mtDNA 
diversity, a comparison of data from North Caucasus 
Turkic-speaking peoples (e.g., Bermisheva et al. 2004; 
Yunusbayev et al. 2012) with those from Mingrelians sug
gests no specific connections between them.

Given this evidence, it may be the case that the East Eurasian 
mtDNA hgs detected among Mingrelians (and to a lesser ex
tent Svans) are vestiges of some settlement event associated 
with the Golden Horde (Suny 1994). A possible source for 
them is the Ilkhanate, an Iran-based Mongol imperial realm 
that briefly subsumed the Middle East, including parts of the 
South Caucasus (Lane 2022). Indeed, the Mongols defeated 
Georgian armies and occupied the region throughout the 
13th century until withdrawing from it in the early 14th cen
tury (Suny 1994). Whatever their link to this history of conquest 
and resistance, these haploid lineages have their strongest fo
cus in Central and East Asia, indicating that their source popu
lations derived from these regions or from areas influenced by 
population expansions emanating from the east.

When viewed from a broader lens, Mingrelians and 
Georgians show genetic similarities to non-Kartvelian- 
speaking populations occupying the regions around them. 
Our previous research in Georgia indicated that geography 
was a stronger predictor of genetic relationships in the 
Caucasus than linguistic affiliation. We observed that speak
ers of Svan, Abkhaz, and Ossetian, which all belong to differ
ent language families, showed a fairly tight clustering in PCA 
plots based on mtDNA and Y-chromosome data (Yardumian 
et al. 2017). The results from our current study largely confirm 
this trend, although revealing subtle genetic differences be
tween North and South Caucasus populations based on auto
somal data, as well as some between North and South 
Ossetians. Moreover, the fact that groups that are sometimes 
associated with the South Caucasus (e.g., Armenians) align 
with Turkish and Iranian populations is consistent with most 
ancient DNA studies, which show genetic continuity between 
Anatolia and the South Caucasus/Zagros Mountain region 
(e.g., Skourtanioti et al. 2020).

An apparent exception to this pattern is the clustering of 
speakers of Mingrelian (Kartvelian) and Abkhaz (Northwest 
Caucasian) languages in the PCA plots. This result should per
haps not be surprising because Mingrelians and Abkhazians 
lived in overlapping regions of the western and northwestern 
Caucasus until very recently (Chervonnaya 1994). Additional 
data from South Ossetian individuals may further add to our 
understanding of genetic variation in the regions of Georgia 
located closest to the North Caucasus Mountains.

Adding complexity to the interpretation of these genetic 
data are population movements into and shifts within the 
Caucasus during the historical period. As an example, there 
was an influx of Armenians into present-day Armenia in the 
wake of the early 20th-century Armenian Genocide in 
Turkey (Hovannisian 1971), and many North Caucasus peoples 
left the Russian Empire and settled in Turkey during the late 
19th century (Chochiev 2007). In addition, potential genetic in
fluences from Azerbaijan are unclear because Azeris are not es
pecially well represented in anthropological genetic studies. 
Thus, more work is needed to clarify the potentially cultural 
and genetic contributions of these groups to Georgians.

From a genealogical perspective, our autosomal data fur
ther indicate that the Slavic influence on persons with 
Georgian and Mingrelian ancestry is recent (within several 
generations) and came through both males and females. 
This influence is clearly observed in the admixture data for 
Mingrelians, where individuals with some Slavic ancestry fall 
outside the main cluster of Mingrelians in the PCA plots based 
on autosomal data. Thus, Slavic populations are clearly genet
ically distinctive from South Caucasus groups.

In the future, we will explore the patterns of genetic vari
ation observed in the mtDNA and NRY data sets in several 
ways. This work will include mitogenome sequencing and 
Y-chromosome resequencing of selected samples from 
key hgs present in the region (e.g., mtDNA U4b1b and 
NRY G2a). The resulting data will likely confirm the pres
ence of unique lineages or haplotypes in western Georgia 
and provide in-depth sequence data that can be used in co
alescence analysis to estimate the ages of these hg and their 
subclades in the region. The data will also expand our un
derstanding of the broader phylogenetic history of the 
mtDNA and NRY hgs present in Mingrelians. Autosomal 
and uniparental data from additional western Georgian po
pulations will further reveal whether the pattern of genetic 
diversity observed in Samegrelo is consistent for all regions 
of Georgia or instead reveal east–west differences mirror
ing the historical regions of Colchis and Iberia.

Materials and Methods

Sample and Data Collection

In August 2016, a joint American-Georgian research team 
conducted fieldwork in 29 different cities, towns, and villages 
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in Samegrelo (supplementary fig. S16, Supplementary 
Material online). These locations included Abasha, 
Akhalsopeli, Chkhorotsqu, Didi Chqoni, Jbali, Jvari, 
Khabume, Kheta, Khobi, Kurzu, Letsurtsume, Lia, Martvili, 
Mukhuri, Nojikhevi, Nokalakevi, Norio, Nosiri, Obuji, Poti, 
Potskho-Etseri, Salkhino, Senaki, Sujuna, Taleri, Teklati, 
Tsalenjikha, Zana, and Zugdidi. We also consented a small 
number of Georgian and Mingrelian participants in Tbilisi. 
The consent and sampling protocols, as well as the procedures 
used for DNA analysis, were conducted with the permission of 
the University of Pennsylvania IRB #8 and the Georgian 
National Council on Bioethics.

Written informed consent was obtained from partici
pants using a Georgian language form prior to the collec
tion of DNA samples with buccal swabs. As part of the 
enrollment process, genealogical information was also col
lected from all participants. Participants were asked to pro
vide their age and birthplace, their parents’ names, 
ethnicity, and birthplaces, and similar information for their 
four grandparents. This information, along with extended 
genealogical interviews conducted with a subset of partici
pants, yielded important details about the demography of 
Samegrelo. Although all unrelated males and females 
were encouraged to participate, when working with men, 
emphasis was placed on enrolling individuals having differ
ent Mingrelian surnames (i.e., patrilineal clan-affiliated 
lineages).

Through this approach, we enrolled a total of 485 partici
pants in the study, including 372 males and 113 females. Of 
this number, 476 were Mingrelian speakers, six were 
non-Mingrelian-speaking Georgians (females: SAM 478 
and 485; males: SAM 479, 480, 481, and 483), one individual 
was a male Georgian citizen without any Georgian genetic 
ancestry (SAM 474), and two individuals were females from 
Abkhazia with no Georgian genetic ancestry (SAM 075 and 
076). We did not include the data for these nine individuals 
in the totals for Mingrelian speakers. These exclusions left a 
total of 476 individuals for the mtDNA analysis and 367 males 
for the NRY analysis of Mingrelian speakers.

Of the 476 Mingrelian speakers, 14 reported having a 
non-Mingrelian-speaking maternal mother or grandmother 
who was either Belorussian, Russian, or Ukrainian (SAM 
055, 065, 071, 097, 099, 136, 149, 258, 343, 372, 419, 
423, 443, and 475), while another person reported having 
a non-Mingrelian-speaking father who was Russian (SAM 
366). The data for these admixed Mingrelian-speaking indivi
duals are reported in the supplementary tables but were not 
used for subsequent analyses of Mingrelian genetic diversity. 
These 14 exclusions left 462 individuals for mtDNA analysis 
and 366 males for NRY analysis, respectively. We discuss 
the process of further exclusions of individuals based on auto
somal data below.

During fieldwork, we attempted to enroll participants 
who did not share any consanguineal relationship with 

other participants through three generations. However, 
upon subsequent review of the participants’ genealogical 
data, we noted that some relatives did, in fact, participate 
in the study. They included 1) a pair of brothers with the 
same father and mother (SAM 293 + SAM 294); 2) two 
pairs of brothers and sisters who had the same parents 
(SAM 131 + SAM 148; SAM 206 + SAM 219); 3) one father 
and son (SAM 458 + SAM 464); 4) one mother and daugh
ter (SAM 462 + SAM 465); 5) three mothers and sons (SAM 
037 + SAM 038, SAM 133 + SAM 134, and SAM 312 +  
SAM 316); and 6) one father and daughter (SAM 430 +  
SAM 432).

Based on this information, we excluded 1) one of the 
brothers for both mtDNA and Y-chromosome analyses in 
the first case (SAM 293); 2) excluded the brothers from 
the mtDNA analysis in the second (SAM 131 and SAM 
219); 3) excluded the son from the NRY analysis in the third 
(SAM 458); 4) excluded the daughter for mtDNA analysis in 
the fourth (SAM 465); 5) excluded the three sons from 
mtDNA analysis in the fifth (SAM 037, SAM 133, and 
SAM 316); and 7) kept both individuals for mtDNA analysis 
in the sixth. In addition, one sample did not yield any usable 
mtDNA sequence data for analysis (SAM 254). These final 
eight exclusions left a total of 454 individuals for the further 
analysis of mtDNA diversity and 364 males for the analysis 
of Y-chromosome diversity in Mingrelians. The mtDNA and 
NRY data for the relatives are reported in supplemental 
tables 1 and 2, Supplementary Material online.

Genomic DNA Preparation

Genomic DNAs were extracted from buccal swab samples 
using Puregene extraction kits (Qiagen), according to the 
manufacturer’s protocol.

mtDNA Analysis

For all 485 samples (irrespective of the exclusions), the en
tire mtDNA CR, which encompasses hypervariable regions 
1 and 2 (HVS1 and HVS2), was PCR amplified and se
quenced using published methods (Schurr et al. 2012). All 
polymorphic nucleotides were reckoned relative to the re
vised Cambridge Reference Sequence (Anderson et al. 
1981; Andrews et al. 1999) and checked against the 
Reconstructed Sapiens Reference Sequence (Behar et al. 
2012). The CR sequence data defined maternal haplotypes 
in these individuals. The hg status of each haplotype was as
certained with haplogrep classify v2.2.8 (Kloss-Brandstatter 
et al. 2011) and checked against Phylotree Build 17 (van 
Oven and Kayser 2009).

Y-Chromosome DNA Analysis

Sequence variation in the NRY for the 372 male participants 
was characterized through the analysis of 17 Y-STRs in the 
ABI AmpFLSTR Yfiler PCR Amplification Kit, as previously 
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described (Schurr et al. 2012). These markers were run on a 
3730xl Genetic Analyzer and read with GeneMapper ID v3.2 
software. The combination of alleles at these loci defined the 
Y-STR haplotype for each male individual. The hg status of all 
Y-STR haplotypes was determined using the Nevgen Y-DNA 
Haplogroup Predictor (http://www.nevgen.org/), with the 
results being compared with the ISOGG 2016.01.04 tree, 
which is based on Y-chromosome sequence data.

Autosomal SNP Genotype Analysis

All 485 individuals were genotyped at 645,337 SNPs on the 
GenoChip 2.0+ microarray at Gene-by-Gene Ltd (Houston, 
TX, USA). All microarrays were run on the Illumina iScan 
platform and data were processed using Illumina’s 
GenomeStudio software. Data files for each individual 
in .csv format were converted to .ped format for further 
analysis.

Using plink (Purcell, et al. 2007), we removed 27,011 
SNPs with greater than 5% missingness and excluded 21 in
dividuals having greater than 2% missingness in their SNP 
data. These individuals included SAM 006, 024, 039, 048, 
068, 120, 123, 148, 154, 167, 186, 211, 225, 230, 233, 
252, 254, 264, 288, 438, and 467. Their exclusion left 
464 individuals for further autosomal analysis.

We merged these genotypes with the HO data (57,566 
SNPs in the intersection) and projected the Mingrelian sam
ples onto the PCs defined by 777 West Eurasian individuals 
(Lazaridis et al. 2014) using smartpca (Patterson et al. 
2012). Through this process, we identified 25 individuals 
who were outliers relative to other Mingrelians on the re
sulting PC plot and removed them from further analysis 
of autosomal SNP genotypes. They included SAM 016, 
024, 055, 065, 071, 075, 076, 097, 099, 136, 149, 159, 
161, 258, 265, 276, 281, 343, 359, 366, 372, 432, 443, 
454, 474, and 475. These exclusions further reduced the 
number of individuals for focused autosomal analysis to 
439.

We additionally used plink --homozyg to identify long 
ROH using default parameters; that is, each ROH had to con
tain at least 100 SNPs and be longer than 1 Mb, in order to 
assess relatedness between pairs of individuals. We also 
used plink --genome to identify 20 pairs of individuals 
having relatedness of >0.09375 (i.e., between first- and 
third-degree relatives) based on estimated IBD sharing and 
removed one from each pair. Those removed included 
SAM 018, 038, 060, 133, 150, 181, 191, 202, 206, 253, 
294, 295, 303, 316, 331, 330, 424, 432, 458, and 462. 
As a result of these steps, the final autosomal SNP data set 
consisted of 419 individuals genotyped at 618,326 SNPs.

Having generated this refined Mingrelian SNP data set, 
we computed PC using smartpca (Patterson et al. 2012) 
and performed unsupervised clustering using ADMIXTURE 
(Alexander et al. 2009) with K = 2 to K = 6. We phased 

the data using beagle4 (Browning and Browning 2007) 
and then used refined-ibd (Browning and Browning 
2013) to identify IBD segments in the phased data.

In addition, we extracted 5,205 mtDNA and 10,272 
Y-chromosome SNPs from the array data and used haplo
grep classify (v2.2.8) (Kloss-Brandstatter et al. 2011) and 
yhaplo (v1.1.0) (Poznik 2016) with the ISOGG 2016.01.04 
tree to call mtDNA and NRY hgs, respectively. The hg calls 
were subsequently compared with those previously gener
ated from mtDNA CR sequences and Y-STR haplotypes, as 
described above, to evaluate their commensurability. The 
mtDNA and Y-chromosome SNP haplotypes and their asso
ciated hgs are reported in supplementary tables S1 and S2, 
Supplementary Material online, respectively.

Comparative Genomic Data Sets

To determine the phylogeographic affinities of Mingrelians, 
we compared their genetic data to those of populations 
from Europe, Caucasus, and the Middle East. Both mtDNA 
and NRY data were drawn from published data for 
Abkhazians, Armenians, Circassians, Georgians, Svans, 
Kabardians, North Ossetians, South Ossetians, Anatolians, 
and Iranians (Nasidze et al. 2004; Balanovsky et al. 2011; 
Gökçumen et al. 2011; Herrera et al. 2012; Terreros et al. 
2011; Yunusbayev et al. 2012; Yardumian et al. 2017).

For the autosomal analysis, we compared the Mingrelian 
data to HO SNP array data reported by Lazaridis et al. 
(2014), whole-genome sequence data from the Simons 
Genome Diversity Project (Mallick et al 2016), and ancient 
individuals genotyped using the 1240k capture reagent 
(Wang et al. 2019). We computed PCs for Mingrelian and 
comparative samples using smartpca (Patterson, et al. 
2012). In some cases, we projected Mingrelian or ancient 
samples onto a PC plot defined by other sets of samples 
using the lsqproject option. Finally, we computed D statis
tics using qpDstat (Patterson, et al. 2012).

Statistical and Phylogenetic Analyses

To explore the phylogenetic history of the genetic lineages 
that were present in Mingrelians, we analyzed mtDNA 
HVS1 sequences with NETWORK 4.6.1.3 (Bandelt et al. 
1999). All networks were visualized using Network 
Publisher v1.2.0.0 (Fluxus Technology). The mutation- 
weighting scheme was based on that described in 
Bandelt et al. (2002), in which fast-evolving sites were given 
lower weights relative to other less mutable sites. All var
iants known to result from homopolymeric C expansions 
(e.g., A16182C and A16183C) or to occur at mutational 
hotspots in the mtDNA CR (e.g., T16519C) were excluded 
from the haplotypes used in this analysis.

The hg status of all Y-STR haplotypes was determined 
using the Nevgen Y-DNA Haplogroup Predictor (http:// 
www.nevgen.org/), which infers lineage status from the 
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ISOGG 2016.01.04 tree, which is based on Y-chromosome 
sequence data. These results were also compared with NRY 
hgs predicted from the microarray SNP analysis. Networks 
of Y-chromosomes were constructed using these SNP data.

Supplementary Material
Supplementary data are available at Genome Biology and 
Evolution online (http://www.gbe.oxfordjournals.org/).
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