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Abstract

The Kerey is one of the prominent Kazakh tribes and has long been a subject of ethno-
graphic scrutiny, with a lack of consensus on its origin and traditional genealogy. Their his-
torical significance, intertwined with the emergence of the empire established by Genghis
Khan, necessitates a comprehensive understanding of their genetic history. This study
focuses on unraveling the genetic heritage of the Kerey tribe. We conducted a comprehen-
sive analysis of Y-chromosome data from genetic genealogy as citizen science and genetic
screening of 23 Y-STRs and 37 Y-SNPs on 207 males from the Kerey tribe within academic
science. Our results reveal two prevalent phylogenetic lineages within the C2a1a3a-F3796
haplogroup, also known as the C2*-Star Cluster (C2*-ST), which is one of the founding
paternal lineages of the ancient Niru'un clan of the Mongols: C2-FT411734 and C2-
FT224144, corresponding to the Abak and Ashamaily clans. While indicating a common
male ancestry for them, our findings challenge the notion that they are full siblings. Addition-
ally, genetic diversity analysis of the Y-chromosomes in the Kerey tribe and Kazakhs con-
firms their kinship with the Uissun tribe but refutes the claim of the Abak clan’s progenitor
originating from this tribe. Furthermore, genetic evidence fails to support popular historical
and ethnographic hypotheses regarding the Kerey tribe’s kinship with the Uak, Sirgeli, Adai,
Toértkara, Karakerey, and Kereyit Kazakh tribes. The absence of a genetic paternal connec-
tion with the Kereyt tribe raises doubts about the genealogical link between the Kerey tribe
and the stepfather of Genghis Khan.
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Introduction

The examination of the Y-chromosome has emerged as a prominent field within human popu-
lation genetics [1]. In addition, it has gained widespread popularity as a genetic genealogy tool
in modern times [2]. The utility of this tool is particularly evident in interdisciplinary research
focused on verifying historical and ethnographic data pertaining to the ancestral lineage of
clans and tribes [3,4]. Also, it proves valuable in the process of reconstructing the patrilineal
genealogy of these familial lineages [5].

The Kazakhs are a Turkic-speaking indigenous group of Central Asia comprised of many
patrilineal tribes of varied origins [6]. Some tribes’ memories are still maintained in the tradi-
tional genealogy of the Kazakh "Shezhire". It has an essential part in Kazakh ethnic identifica-
tion [7]. The Kazakhs are made up of approximately 20 big tribes and 200 clans nowadays. The
Shezhire genealogical structure and clan distribution are valuable historical and ethnographic
data, as well as an intriguing item for investigating the genetic structure of the Kazakh popula-
tion [8,9].

The Kerey is considered to be one of the prominent Kazakh tribes, with its historical roots
often linked to the medieval Kereyt (Keraites) tribe. This particular tribe established their set-
tlement in the region near the Great Wall of China and the Mongolian plain, specifically in the
upper areas of the Onon, Kerulen, and Orkhon rivers [6]. One of the notable figures in their
history is Wang Khan, who is also well known as Toghrul. He is renowned for his close rela-
tionship with Yesugei Baghatur, the chief of the Kiyat-Borjigin clan, whom he considered a
blood brother. Following Yesugei’s demise, Toghrul assumed the role of Genghis (Chinggis)
Khan’s stepfather, becoming both his ally and later his adversary [10]. Nevertheless, it is worth
noting that Chinese texts employ distinct logographic characters when referring to the Kerey
and Kereyit tribes, hence raising questions regarding their shared ancestry [11].

The modern census of the population of Kazakhstan does not account for the number and
location of tribes. According to the most recent historical data from the census of the late 19th
century, the Kerey tribe primarily settled in the areas of Petropavlovsk (over 20,000 people),
Omsk (more than 13,000 people), Karkaralinsky (roughly 12,000 people), Kostanai (exceeding
8,000 people), Semey (roughly 6,000 people), and Zaisan (about 5,000 people). The total Kerey
population was between sixty-five and seventy thousand [11]. Thus, the principal Kerey settle-
ments are in northern and eastern Kazakhstan.

According to the most recent census, there are 16 million Kazakhs, of which 13.5 million
reside in Kazakhstan. The combined rural areas of the northern and eastern regions account
for around 17% of the total population in Kazakhstan (https://stat.gov.kz). Recent estimates
indicate that the Kerey tribe in Kazakhstan consists of more than 350,000 people [12]. Further-
more, it is noteworthy that the Kerey population is predominantly concentrated among the
Kazakhs residing in Western Mongolia’s Bayan-Ulgii aimag (province), the north-western
region of China encompassing the Xinjiang Uygur Autonomous Region and Gansu Province,
and the southern area of Russia’s West Siberian Plain (Fig 1). The current population of
Kazakhs residing in Western Mongolia is estimated to be 121,000 people [13]. Additionally, it
has been reported that there are somewhere around 1.6 million Kazakhs residing in northwest
China [14]. Lastly, it has been indicated that the number of Kazakhs living in Russia is around
600,000 (https://rosstat.gov.ru/vpn/2020). Fig 1 schematically represents the settlement of the
Kerey tribe based on census data from the early 20th century [15], complemented by informa-
tion from the Historical Atlas of Central Asia [16].

Based on Kazakh genealogical records, it is observed that the Kerey tribe can be categorized
into two major clans, namely the Abak and Ashamaily. On the basis of a particular interpreta-
tion of the Shezhire, it is posited that the Abak and Ashamaily share a common male ancestor
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Fig 1. The settlement of the Kerey tribe during the early 20th century. The green rhombuses serve as indicators of
the settlement regions for the tribe. The red stars show the geographical locations from where the ancestors of the
persons studied in this study originated, specifically tracing back three generations. The base map was sourced and
adopted from OpenStreetMap and OpenStreetMap Foundation, which is made available under the Open Database
License.

https://doi.org/10.1371/journal.pone.0309080.9001

and are considered siblings [17]. Contrary to alternative accounts, it has been argued that the
Abak were not biologically related to the Ashamaily [11,18]. Various ethnographic accounts
indicate that the overall structure and genealogical connections of affiliations vary among dif-
ferent versions.

Drawing on the field data obtained during ethnographic expeditions undertaken from 1956
to 1973, it is evident that the Ashamaily clan encompasses four separate lineages, specifically
Syban, Balta, Koshebe, and Taryshy. The Abak clan is composed of eleven distinct lineages
[19], specifically Zhantekei, Zhadik, Karakas, Sherushi, Zhastaban, Itely, Molky, Konsadak,
Merkit, Itemgen, and Sarbas. Some authors have posited that the Abak clan encompasses other
lineages such as Shimoyn, Shubaraigyr, and Kultaibolat [20-22]. Nevertheless, the precise cor-
relation among all these lineages remains uncertain.

The Kazakh population exhibits a characteristic practice of patrilineal inheritance in rela-
tion to clan membership. The practice of "clan" inheritance has made it easier to use Y-chro-
mosome polymorphism as a technique to verify genealogical lineage and examine its origins
[23]. Through the incorporation of historical and ethnographic data, it becomes possible to
reconstruct the genetic history of a certain population. Presently, research efforts focused on
Y-chromosome polymorphism span a broad range of Y-chromosome varieties within the ana-
lytical framework. The presence of quickly evolving Y-STR loci has a significant role in facili-
tating the emergence of closely related males [24]. The examination of variability among clans
holds significance in the fields of forensics and worldwide genetic genealogy assessments and
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findings. The use of next-generation sequencing (NGS) for the sequencing of Y-chromosomes
has yielded significant discoveries in the form of several novel subbranches and Y-SNPs. Some
studies demonstrated that these genetic variations are frequently specific to particular popula-
tions [25,26]. Citizen science, comprising a network of genealogists and amateur volunteers,
significantly contributes to this cause through the research of Y chromosome polymorphisms
using commercially available assays. For example, the FamilyTreeDNA platform has gathered
around 50,000 subbranches and 460,000 variations of Y chromosomes by employing the
BigY700 Y-chromosome deep sequencing product (https://www.familytreedna.com/public/y-
dna-haplotree).

More than ten years ago, Y-chromosome polymorphism was used to study the Kerey tribe
for 17 Y-STRs and 10 Y-SNPs [27]. The utilization of this approach for studying Kazakh tribes
was unprecedented. Subsequent research has established that the Kerey tribe has a strong
founder effect within the C2-M217 haplogroup. The prevalence rate of this phenomenon is
reported to be 76.5% among the Kereys in Kazakhstan [27]. Similarly, among the Kazakhs
residing in Aksai, located in Gansu Province, China, the frequency of occurrence is estimated
to be 80% [28,29]. The specific subbranches of the C2-M217 haplogroup that are found within
the tribal affiliations of the Kerey tribe have yet to be determined. There is a study that pro-
vided evidence of differentiation between the Abak and Ashamaily at the DYS448 loci, with
respective values of 23 and 22 [27]. It is not known which lineages were included in these stud-
ies. Does the differential alone pertain to all the lineages within these two clans? Does differen-
tiation occur at the level of Y-SNPs? Are there any genetic foundations for historical and
anthropological theories concerning the interconnections between the Kerey tribe and other
Kazakh tribes?

In the context of this research, we sought to address these inquiries by examining the poly-

morphism of the Y-chromosome within two distinct clans of the Kerey tribe: Ashamaily and
Abak.

Materials and methods
Samples

A total of 207 Kazakh men who met the criteria for good health were chosen as participants in
our study, and their venous blood samples were collected during several fieldwork sessions
conducted in Kazakhstan from15 November 2020 to 15 November 2021. The criteria for selec-
tion included the individual’s affiliation with the Kerey tribe, their understanding of their clan,
and the birthplace of their grandpa, as well as the removal of cousins within three generations
in the paternal lineage from the sample. Every individual chosen for the study provided their
written informed consent to partake in the research and completed an anthropological ques-
tionnaire. The blood sampling procedure and other research methodologies have undergone
prior evaluation and received approval from the Local Ethical Commission at the National
Center for Biotechnology (5 by 16 October 2020). The study encompassed the progeny of indi-
viduals who migrated three generations ago to Kazakhstan (N = 158), Mongolia (N = 21),
China (N = 19), and Russia (N = 9) (Fig 1). The present study encompasses the clan connec-
tions of the Ashamaily (N = 154) and Abak (N = 53), comprising four lineages of Ashamaily
and ten lineages of Abak. Additional information regarding the ethical, cultural, and scientific
considerations specific to inclusivity in global research is included in the (SI Checklist).

DNA analysis

The process of extracting genomic DNA from venous blood was conducted using the Wizard
(R) Genomic DNA Purification Kit (Promega, USA). The concentration of DNA was
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measured using a Quantus Fluorometer (Promega, USA) and the QuantiFluor (R) ONE
dsDNA System kit (Promega, USA). The determination of DNA quality was conducted using
NanoDrop One equipment manufactured by ThermoFisher Scientific, United States. The
amplification of 23 Y-STRs, specifically DYS576, DYS3891, DYS448, DYS3891I1, DYS19,
DYS391, DYS481, DYS549, DYS533, DYS438, DYS437, DYS570, DYS635, DYS390, DYS439,
DYS392, DYS643, DYS393, DYS458, DYS385a, DYS385b, DYS456, and YGATAH4, was con-
ducted using the PowerPlexY23 amplification kit manufactured by Promega, USA. The ampli-
fication process was carried out on a SimpliAmp Thermal Cycler (ThermoFisher Scientific,
USA). The examination of amplicons was conducted using an 8-capillary 3500 Genetic Ana-
lyzer manufactured by Thermo Fisher Scientific, United States. The phoregrams were sub-
jected to analysis using the GeneMapper IDx v.1.4 software (ThermoFisher Scientific, USA),
following the guidelines provided by the reference allelic ladder. The determination of hap-
logroups was accomplished through the utilization of haplotypes within the Nevgen Y-DNA
haplogroup predictor tool, accessible at the following URL: https://www.nevgen.org/. The Y-
chromosome haplogroups were analyzed by means of the web platform FamilyTreeDNA Dis-
cover (https://discover.familytreedna.com/), in conjunction with citizen science data. Subse-
quently, the genotyping of a set of 37 candidate Y-SNPs (M130, M217, F1756, Y148084,
FGC28850, BY187593, M48, F5485, SK1066, Y15844, Y15552, F12970, F9766, F1918, F4002,
F5481, BY 182928, Y12782, Y20797, Y20086, FT224144, F18202, ZQ506, FT411734, FT250737,
FGC29011, F1067, M407, ZQ402, F8465, M285, M253, M267, M231, M175, M198, M343) was
performed on the QuantStudio5 instrument (ThermoFisher Scientific, USA) using TagMan
assays (ThermoFisher Scientific, USA).

Statistical methods

The haplotype/allele frequencies, haplotype diversity (HD), haplotype match probability
(HMP), discrimination capacity (DC), and forensic parameters were computed following the
methodology described in our recent research [30]. The STRAF 1.0.5 software (http://cmpg.
unibe.ch/shiny/STRAF/) [31] was utilized for these calculations. The Y-chromosome STR hap-
lotypes were subjected to comparison using the Haplomatch tool [32]. To conduct a compara-
tive analysis, we compiled a comprehensive dataset consisting of previously published
information (N = 3856 haplotypes for 17 Y-STRs) derived from population samples of Kazakhs
[30,33-36] and various Kazakh tribes [9,23,27,28,37-39]. Phylogenetic networks were con-
structed utilizing haplotypes derived from 15 Y-STRs in comparison with existing data, and 21
Y-STRs based on our own data, using the Network and Network Publisher software applica-
tions (http://www.fluxus-engineering.com). These networks were constructed employing
Reduced-Median algorithms [40]. The numerical value representing the repetition of DYS3891
was removed from the numerical value representing the repetition of DYS389I1. The locus
DYS385a/b was excluded.

Results and discussion
Paternal genetic portraits of Kerey tribe

A set of 23 Y-STRs and 37 Y-SNPs linked to Y-chromosome haplogroups were used to look at
the genetic makeup of 207 people in the Kerey tribe. The portrait is also situated within the
framework of the clannish affiliations of the Ashamaily (N = 154) and Abak (N = 53). The
Ashamaily are characterized by the presence of four lineages, while the Abak are characterized
by the presence of ten lineages. The portrait of the Kerey tribe encompasses individuals whose
forebears, three generations prior, originated from Kazakhstan (N = 158), Mongolia (N = 21),
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Kerey tribe Clan union
Haplogroup 5063 SNE N=207 Abak (N=53) _ Ashamaily (N=154)
C2alalbl F1756(xV148084 FGC28850,8Y187593) 2.4% 0.0% 3.3%
C2alalblbl Y148084 0.5% 0.0% 0.6%
C2ala2a2a2 SK1066 1.9% 3.8% 1.3%
C2ala3al* F5481(xBY182928,Y20797,Y20086,FT224144, 1.9% 3.8% 1.3%
2Q506,FT411734 FT250737,FGC29011) : : :
C2ala3ala FT411734 18.8% 69.8% 1.3%
C2ala3albl FT224144 58.9% 5.7% 77.3%
C2blalalalbl F8465 1.4% 1.9% 1.3%
G1 M285 3.4% 3.8% 3.2%
i M253 0.5% 0.0% 0.6%
J1 M267 0.5% 0.0% 0.6%
N M231 2.4% 1.9% 2.6%
o] M175 0.5% 1.9% 0.0%
Rlala M198 3.4% 7.5% 1.9%
R1b M343 3.4% 0.0% 4.5%

Fig 2. Frequencies of Y-chromosomal haplogroups in Kerey tribe and its clan unions.

https://doi.org/10.1371/journal.pone.0309080.g002

China (N = 19), and Russia (N = 9), aligning with the geographical regions where the Kerey
tribe is known to have settled (Fig 1).

Fig 2 and S1 Table display the haplogroup distributions of the Y-chromosome within the
Kerey tribe of the Kazakh population. A total of eight core haplogroups were identified in our
study, namely C2-M217, G1-M285, [1-M253, J1-M267, N-M231, O-M175, R1a-M198, and
R1b-M343. The haplogroup C2-M217 is the most prevalent, accounting for 85.8% of the popu-
lation. The subsequent haplogroups in the sequence are Rla (3.4%), G1 (3.4%), R1b (3.4%),
and N (2.4%). The remaining portion constitutes less than one percent. The Kerey tribe’s
genetic profile is mostly composed of various genetic components originating from ancient
populations across Eurasia’s peripheral regions [26]. Additionally, there is a strong founder
effect within the C2-M217 haplogroup.

The haplotype distributions of 23 Y chromosomal STRs in the Kerey tribe from the Kazakh
population are presented in SI Table. A total of 207 males were examined, resulting in the
identification of 104 unique haplotypes, as detailed in S2 Table. There are a total of 83 unique
haplotypes, with 21 of them being observed more than once. The haplotype with the highest
frequency was seen in 46 instances. The haplotype in question is predominantly found in 96%
of carriers who belong to the Taryshy lineage within the Ashamaily clan. The haplotype that
occurs with the second highest frequency (18 occurrences) is likewise observed in 89% of the
groups within the Ashamaily clan. The haplotype that occurs with the third highest frequency
(17 occurrences) is exclusively found in groups belonging to the Abak clan. Additionally, we
have identified a haplotype that is shared among five individuals as well as four haplotypes,
each of which is shared among three individuals. Thirteen instances of haplotypes were
observed on two separate occasions. In 81% of cases, similar haplotypes were found among the
Ashamaily clan. The parameters haplotype diversity (HD = 0.068), discrimination capacity
(DC = 50.2%), and haplotype match probability (HMP = 0.096) were determined. They point
to the insufficient power of the PowerPlex Y23 System panel of loci used in differentiating
close members of the clan along the male line for the Kerey tribe. S3 and S4 Tables present
allele frequencies and forensic parameter values for 23 locus Y-STRs in the Kerey tribe. In sin-
gle-copy loci, 113 alleles were found with a frequency of 0.005 to 0.942; in the DYS385a/b mul-
tilocus, 15 alleles were found with a frequency of 0.005 to 0.758. All loci are characterized by
low levels of gene diversity (GD). Except for the DYS576 locus (GD 0.606), other rapidly
mutating loci (DYS481, DYS533, DYS549, DYS570, DYS576, and DYS643) do not differ in
diversity from standard single-copy loci. S5 Table presents the abnormal alleles found in the
Kerey tribe. The observed genetic variations in the mentioned loci include deletion variants
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for DYS448, duplications at positions 16 and 17 for DYS19, and microvariants at position 18.2
for DYS458.

Phylogenetics of haplogroup C2-M217 in the Kerey tribe

In prior research, it was shown that the C2-M217 haplogroup exhibits four primary branches
among the Kazakh population. These branches are identified as C2alalbl-F1756, C2ala2a2a-
F5485, C2ala3a-F4002, and C2blalalalala-M407. This study aimed to identify the specific
sub-branches that are distinctive to the Kerey tribe and its clans, namely the Abak and
Ashamaily.

The first branch, denoted as C2-F1756, had an exclusive presence solely among the Asha-
maily clan, accounting for 3.9% of individuals. The field of citizen science, specifically in the
context of C2-F1756, encompasses three distinct sub-branches denoted as Y148084,
FGC28850, and BY187593. These sub-branches are characterized by the inclusion of individu-
als from Kazakhstan (https://discover.familytreedna.com/y-dna/C-F1756/tree). In our capacity
as coordinators of the Kazakhstan Citizen Genealogical Science project, we obtained informa-
tion regarding the gender of the volunteers who underwent Y-chromosome deep sequencing
using the BigY method [41]. Therefore, it has been established that the sub branch
C2-Y148084 is present within the Dulat clan, C2-FGC28850 is found in the Tére clan, and
C2-BY187593 is identified in the Tabyn clan. The estimated time to the most recent common
ancestor (TMRCA) for each sub-branch suggests that the individuals who initiated these
branches existed during the 14th century AD. Upon doing a screening of the three branches in
Ashamaily C2-F1756 carriers, it was determined that a single individual belongs to the
C2-Y148084 sub-branch.

We conducted a search for haplotypes of C2-F1756 that were similar to those found in
Ashamaily carriers. This search was performed within a comprehensive database of previously
published haplotypes of Kazakhs that we had compiled. The database consisted of 3856 haplo-
types, as determined by 17 Y-STR markers. One distinctive feature of the C2-F1756 hap-
logroup is the presence of a deletion at the DYS448 genetic locus. On the basis of the search
results, a median network composed of 15 Y-STRs was constructed (Fig 3A). It emphasizes
Ashamaily’s close connections with the Kazakh Yssyk clan of the Baiuly tribe, as well as the
Zhalaiyr tribe, the Dulat clan of the Uissun tribe, and the Tore clan. On the median network,
Kazakhs from Northern Kazakhstan (of an unknown clan affiliation to us) are associated with
the Ashamaily, which correlates to the Kerey tribe’s establishment in this area of the country.

The second branch, denoted as C2-F5485, has been identified in the Abak clan at a fre-
quency of 3.8% and in the Ashamaily clan at a frequency of 1.3%. In the preceding study, it
was demonstrated that the C2-F5485 branch exhibits three distinct sub-branches (C2-SK1066,
C2-Y15844, and C2-F12970), encompassing individuals of Kazakh descent from various line-
ages, as well as other Turkic and Mongolian speaking people. The C2-Y15552 lineage was
identified as a founder effect for the Alimuly and Baiuly tribes within the C2-Y15844 lineage
[39]. This analysis reveals that the identified lineage is absent in individuals that carry the
C2-F5485 haplogroup in both the Abak and Ashamaily clans. The examination of three sub-
branches has indicated that the Abak and Ashamaily under investigation serve as carriers of
the C2-SK1066 sub-branch. This sub-branch in question had been previously observed within
the Baiuly tribe, specifically within the Berish and Alasha clans. Through the utilization of citi-
zen science, it has been ascertained that the C2-F9766 lineage, which falls within the
C2-F12970 sub-branch, is also present within the Abak (Merkit lineage) and the Naiman tribe
(https://discover.familytreedna.com/y-dna/C-F9766/tree). The chronological origin of their
most recent common ancestor can be traced back to the 15th century.
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Fig 3. Median-joining network of Kazakh tribes based on 15 Y-STRs. A. Haplogroup 2-F1756; B. Haplogroup
2-SK1066; C. Haplogroup 2-F8465.

https://doi.org/10.1371/journal.pone.0309080.g003
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The median network of 15 Y-STRs, as depicted in Fig 3B, illustrates the construction pro-
cess using haplotypes obtained from carriers of Abak and Ashamaily C2-SK1066, as well as
haplotypes that closely resemble them (within a maximum of three mutational steps). These
haplotypes were sourced from a comprehensive database of Kazakhs, consisting of 3856 indi-
viduals and encompassing 17 Y-STRs. The majority of these haplotypes exhibit duplication at
the DYS19 gene, resulting in the formation of two distinct clusters on the median network.
Within a certain cluster denoted as a1, it is observed that an Abak belonging to the Sarbas line-
age is categorized alongside the Naiman tribe. In the second category (0.2), the Abak and the
Ashamaily are categorized alongside the Kazakhs residing in eastern and northern regions of
Kazakhstan. This classification aligns with the settlement patterns of the Kerey tribe in these
specific areas. The median network does not exhibit any Ashamaily haplotype that possesses a
deletion at the DYS448 locus. Among the Berish clan from the Baiuly tribe, only a single
closely related haplotype was identified in his case.

The third branch, denoted as C2-M407, has been identified in the Abak clan at a frequency
of 1.9% and in the Ashamaily clan at a frequency of 1.3%. The Kongyrat tribe has a significant
prevalence of the C2-M407 branch, which accounts for 86% of the population [38]. Based on
the information provided by the civil science data source (https://discover.familytreedna.com/
y-dna/C-ZQ402/tree), it is observed that the Kongyrats are distinguished by their sub-branch
C2-ZQ402, whereas the Ashamaily are associated with its fraternal sub-branch C2-F8465. The
examination conducted on these sub-branches has indicated that the Abak and Ashamaily,
which were the subjects of our study, are classified under the C2-F8465 sub-branch. We con-
ducted a search for haplotypes of C2-F8465 that were similar to those found in carriers of
Abak and Ashamaily within the comprehensive database of published haplotypes of Kazakhs
that we compiled. The database included of 3856 individuals, as determined by 17 Y-STR
markers. Based on the search results, a median network (Fig 3C) of 15 Y-STRs was made. The
Ashamaily haplotypes form a cluster with some samples of Kongyrats and Kazakhs from
northern Kazakhstan, and the haplotype of one Abak is distantly related to them.

Genetic lineages of Abak and Ashamaily

C2-F4002, alternatively referred to as F3796, exhibits the highest prevalence (79.7%) within the
Abak and Ashamaily clans. This particular lineage is associated with the renowned Star Cluster
of Asia, which was initially identified through the use of Y-STR markers. It is believed that
Genghis Khan and his male relatives on the paternal side serve as the progenitors of this line-
age [42]. Nevertheless, a more in-depth analysis of the Y chromosome by sequencing tech-
niques has revealed that the emergence of this particular lineage dates back to 550 BCE, which
predates the era of Genghis Khan by a significant margin [43].

The subbranch C2-F5481 within the broader context of C2-F4002 garners significant inter-
est. The presence of this genetic trait is observed in the majority of Central Asian populations.
The Time to Most Recent Common Ancestor (TMRCA) has been estimated through extensive
sequencing of the Y chromosome to be 860 CE. According to the data from the citizen science
platform (source: https://discover.familytreedna.com/y-dna/C-F5481/tree), the C2-F5481 line-
age currently has a minimum of three known distinct sub lineages (C2-Y12782, C2-BY 182928,
C2-F18202). The sub-lineage F18202 is the most diversified and comprises descendant lineages
known as C2-ZQ31, C2-ZQ506, C2-FT411734, C2-MPB401, C2-FT250737, C2-FGC29011.
With the exception of C2-ZQ31, identified within the Kyrgyz population, and C2-MPB401,
present in the Afghan-Pakistani population, the remaining five lineages are associated with
individuals from Kazakhstan. The sub-lineages C2-Y12782 and C2-BY182928 are also repre-
sented by samples from Kazakhstan. Moreover, C2-Y12782 further divides into three distinct
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Fig 4. Median-joining network of Kerey tribe based on 21 Y-STRs. A. Haplogroup C2-FT411734; B. Haplogroup 2- FT224144.
https://doi.org/10.1371/journal.pone.0309080.9004

branches: C2-Y20797, C2-Y20086, C2-FT224144. The genetic screening conducted on the
Kerey tribe demonstrated that, among C2-F5481 lineages examined, lineage C2- F1224144
was found to be prevalent in the Ashamaily at a rate of 77.3%. Additionally, lineage
C2-FT411734 was identified as a common lineage in the Abak clan, with a prevalence of
69.8%.

The distinction between Abak and Ashamaily becomes more evident when examining their
carriers within C2-FT411734, where the Ashamaily account for 5.1% and the Abak account for
94.9%. Similarly, within C2- FT224144, Abak carriers make up 2% while Ashamaily carriers
make up 98%. The authors of the study [27] observed a distinction between the Abak and
Ashamaily for the first time at the DYS448 locus, as indicated by the respective allelic values of
23 and 22. It was revealed that none of the carriers of the C2- FT224144 variant possess the
DYS448 = 23 locus. Instead, 98.4% of carriers exhibit a DYS448 value of 22, while the remain-
ing 1.6% exhibit a value of 21. In contrast, individuals carrying the C2-FT411734 haplotype
frequently exhibit the DYS448 = 23 allele (89.7%). However, it is worth noting that a small pro-
portion of haplotypes also possess the DYS448 = 22 (7.7%) and DYS448 = 24 (2.6%) alleles. It
has been suggested that three individuals of Kazakh descent from China [27], who possess the
DYS448 genetic marker with a value of 23, can be classified under the lineage F8949 (also
known as C2-FT411734) within the broader lineage C2-F3796 (also known as C2-F4002). This
particular lineage, F8949, has been observed to cluster together with the abacus lineage identi-
fied in the aforementioned study. The analysis of the C2-F5481 subclades demonstrated a dis-
tinct separation between the Abak and Ashamaily based on the Y-SNP markers C2-FT411734
and C2-FT224144, respectively. In our citizen science genealogical project, it was recently dis-
covered that one individual from the Naiman tribe also belongs to the C-FT224144 lineage.
Median networks were created for each lineage, depicting 21 short tandem repeats (STRs) (see
Fig 4A and 4B). The haplotypes that were analyzed contained six loci that exhibited rapid
mutation rates. However, these loci were not able to sufficiently differentiate and identify clus-
ters peculiar to the species on median networks. Fig 4A displays that solely two samples
belonging to the Taryshy Ashamaily population were classified within the Abak cluster.
According to Fig 4B, the Ashamaily cluster is predominantly characterized by a significant
abundance of the Taryshy lineage. Within the Abak, the Ashamaily cluster encompasses a soli-
tary specimen from the Zhastaban lineage, as well as the exclusive pair of individuals from the
minor Shubaraigyr lineage that are the subject of investigation in this paper. Hence, the
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identification of the alignment between clans and their respective relationships was unveiled,
save for the Shubaraigyr clan and isolated instances.

According to Fig 4B, the Ashamaily cluster is predominantly characterized by a significant
abundance of the Taryshy lineage. Within the Abak, the Ashamaily cluster encompasses a soli-
tary specimen from the Zhastaban lineage, as well as the exclusive pair of individuals from the
minor Shubaraigyr lineage that are the subject of investigation in this paper. Hence, the identi-
fication of the alignment between clans and their respective relationships was unveiled, save
for the Shubaraigyr lineage and isolated instances.

The Time to the Most Recent Common Ancestor (TMRCA) based on deep Y-chromosome
sequencing in the citizen science genealogical project for C2-FT224144 is approximately
~1139 CE (95% CI: 845-1369 CE), while for C2-FT411734 it is ~1337 CE (95% CI: 1072-1540
CE). TMRCA based on Y-STR markers coincides with the 12th-13th century CE. Thus, the
TMRCA between the lineages does not support the notion that Abak and Ashamaily were
brothers as presented in traditional Kazakh genealogy. They originate from a common ances-
tor, C-F5481, who lived around the mid-9th century.

The Kerey’s paternal genetic heritage in the context of the Kazakh tribes

Within the realm of historical and ethnographic literature, numerous hypotheses have been
proposed concerning the interconnections between the Kerey tribe and other Kazakh tribes
and clans, drawing upon the traditional genealogy of the Kazakh "shezhire". In order to ascer-
tain the prevailing popularity among them, we conducted an analysis of the RST values
between Kazakh tribal groups utilizing 17 short tandem repeat markers (as presented in S6
Table). Additionally, we generated a multidimensional scaling graph (Fig 5) to visually repre-
sent the obtained results.

The clan affiliations under investigation, namely the Abak and Ashamaily, are situated
within the same cluster as the Kerey tribe samples examined in prior studies, specifically
Kerey_1 [27] and Kerey_2 [28]. Simultaneously, no discernible distinctions were observed in
the clan connections of the Abak and Kerey_2 originating from Aksu, located in the Xinjiang
Uygur Autonomous Region. The reason for this phenomenon can be attributed to the wide-
spread distribution of the Abak. The examined sample of the Abak clan association is found in
the Bayan-Ulgii aimag of Mongolia (40%) and the Xinjiang Uygur Autonomous Region of
China (36%).

In terms of genetic relatedness, the genera Alban (average RST—0.0592), Dulat (average
RST: 0.0832), Suan (average RST—0.09852), and Shapyrashty (average RST—0.1297) exhibit
the closest relationships to the generic counterparts Abak and Ashamaily. The Argyn, Kon-
gyrat, and Kangly tribes are considered to be the most geographically remote, as indicated by
their respective average RST values of 0.6351, 0.6189, and 0.5972.

The Uissun tribe encompasses the Alban, Dulat, Suan, and Shapryshaty clans. Based on the
ethnographic data [44], the initial prevailing hypothesis posits a relationship between the
Kerey tribe and the Uissun tribe. Simultaneously, according to one account, it was the progeni-
tor Abak who sprang from the Uissun tribe [18]. It was observed that the C2-Y12782 lineage
had a rather high frequency of occurrence throughout the Uissun tribe, accounting for around
31% of the population [38]. Therefore, the phylogenetic data provide evidence supporting the
connection between the Kerey and Uissun tribes. However, they contradict the hypothesis that
the Abak originate from the Uissun tribe, as the presence of the C2-Y12782 lineage, specifically
the sub-lineage C2-FT224144, is indicative of the Ashamaily clan affiliation.

Based on the second prominent hypothesis, which draws from a comparative analysis of the
tribe’s tamgas [44], it is suggested that there exists a relationship between the Kerey and Sirgeli
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Fig 5. Multidimensional scale plot of Rst values estimated from 17 Y- STRs haplotypes among Kazakh tribes and
clans.

https://doi.org/10.1371/journal.pone.0309080.g005

tribes. Nevertheless, it is worth noting that the genetic distances between the Abak and Ashma-
ily clans and the Sirgeli tribe exhibit a considerable degree of divergence, as indicated by the
average RST value of 0.4825. This pattern is further supported by the visualization of the multi-
dimensional scaling (MDS) plot. The Sirgeli tribe exhibits a high prevalence (71%) of the
N-M231 Y-chromosome haplogroup [9,38]. In contrast, the Kerey tribe demonstrates a signifi-
cantly lower occurrence (2.4%) of this haplogroup. Haplogroup N-M231 exhibits a notable
prevalence within the Uak tribe, accounting for around 46% of their genetic composition.
According to a prominent hypothesis, this haplogroup demonstrates a strong ancestral con-
nection with the Kerey tribe. This conjecture is supported by oral folklore, where the Kerey-
Uak collective is referred to as "born together" [15]. Based on ethnographic data, the Sarcha,
Sarman, and Zhansary clans are identified as originating from the Kerey tribe [44]. Regretta-
bly, the available material pertaining to the clan level of the Uak tribe is insufficient to substan-
tiate the aforementioned accounts. The sample size of the Uak tribe, consisting of only 11
people, was deemed insufficient for inclusion in the calculation of the RST and hence, it is not
shown on the Multidimensional Scaling (MDS) graph. Nevertheless, the prevalence of hap-
logroup C2ala3a-F4002 within the Uak tribe, at 18%, is not sufficiently substantial. This find-
ing tends to negate the notion of a tight affiliation between the Kerey and Uak tribes, rather
than providing support for the hypothesis derived from folklore.
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One of the prevailing hypotheses, which has gained popularity, posits a single origin for the
Kerey tribe and the Kereyt clan. This argument is supported by the consonance observed in
their names [15]. Currently, there is limited knowledge regarding Y-chromosome variants
within the Kereyit clan. Specifically, four individuals have been identified with such variants,
[9,35,39]. These variants include E-M35, N-M231, and C2-M48. The haplotypes observed for
the 17 Y-STRs do not conform to the expected patterns found within the Kerey tribe. Never-
theless, further investigation into the Kereyit population is necessary in order to definitively
confirm this concept and gain a comprehensive understanding of its association with the
medieval Kereyit tribe. Presently, the Kereyit clan is encompassed inside the Zhetiru tribe,
alongside six additional clans. Notably, the Tabyn and Tama clans are prominently featured in
the available samples. The average RST value of the Kerey tribe is 0.2619, which indicates a sig-
nificant genetic distance from the Zhetiru tribe. The MDS chart further supports this genetic
divergence. The Zhetiru tribe is situated in close proximity to the Alimuly (RST—0.0851) and
Baiuly (RST—0.0885) tribes.

The predominant Y-chromosome haplogroup observed among the Alimuly and Baiuly
tribes is C2-M48, with frequencies of 77% and 71%, respectively [39]. Ethnographic data sug-
gests that the Adai clan of the Bayuly tribe and the Tértkara clan of the Alimuly tribe can be
traced back to the Kerey tribe [15]. The determination of haplogroup frequencies at the clan
level demonstrates a notable prevalence of the C2-M48 haplogroup (85%) among the Adai
clan, whereas the Tortkara clan exhibits a relatively lower frequency of C2-M48 (39%) and
Q-M242 (32%). Within the Kerey tribe, the presence of C2-M48 is infrequent, accounting for
amere 1.9% of the population. Conversely, the Q-M242 lineage is entirely absent among the
tribe’s members.

An alternative hypothesis is that the Karakerey clan of the Naiman tribe may have ancestral
ties to the Kerey tribe, based on the consonance observed between their respective names [11].
The Naiman tribe has a prevalent haplogroup on the Y chromosome, specifically O-M175,
which is found in 43% of individuals. This haplogroup is also observed in the Karakerey clan,
with a frequency of 70% [9]. Within the Kerey tribe, the occurrence of this particular phenom-
enon is exceedingly infrequent, with a prevalence rate of barely 0.5%. The multidimensional
scaling (MDS) graph shows that the genetic differences between the Abak and Ashamaily clans
and the Naiman tribe are quite different (RST = 0.3632).

Ultimately, the analysis of this data facilitated the determination of the Kerey tribe’s posi-
tion within the genetic landscape of Kazakh tribes. Furthermore, it served to dismiss several
prevalent historical and anthropological hypotheses regarding their origins, precluding their
further consideration in the discourse surrounding the formation of the Kazakh population.
The identified clan-specific markers, namely C2-FT411734 and C2- F1224144, which are asso-
ciated with the generic associations Abak and Ashamaily, respectively, can be utilized in foren-
sic medical examinations. These markers are particularly useful in determining the
biogeographical origin of individuals in the male lineage. Additionally, they can aid in the
assessment of rapid-mutation Y-STRs, necessitating the expansion of the panel for generic
groups in Central Asia.

Conclusions

The tribe Kerey has been found to exhibit two prevalent phylogenetic lineages of the Y-chro-
mosome: the Abak clan is characterized by the C2-FT411734 lineage, while the Ashamaily clan
is associated with the C2- FT224144 lineage. The estimation of the time to the most recent
common ancestors for the Abak and Ashamaily clans indicate that they do not share a sibling
relationship, contrary to what is stated in traditional genealogy. Rapid-mutation Y-STRs

PLOS ONE | https://doi.org/10.1371/journal.pone.0309080 September 4, 2024 13/17


https://doi.org/10.1371/journal.pone.0309080

PLOS ONE

Y-Chromosomal insights into the paternal genealogy of the Kerey tribe

(DYS576, DYS481, DYS549, DYS533, DYS570, DYS643) did not exhibit sufficient power of
differentiation among lineages within the Abak and Ashamaily clans. Prevailing historical and
ethnographic hypotheses regarding the kinship of the Kerey tribe with other clans have been
genetically verified. The construction of the genealogy of the Kerey tribe to the stepfather of
Genghis Khan has been called into question.

Supporting information

S1 Checklist. Inclusivity in global research.
(DOCX)

S1 Table. The haplotype distributions of 23 Y-chromosomal STRs in the Kerey tribe from
the Kazakh population (N = 207).
(XLSX)

$2 Table. The haplotype frequencies of 23 Y-chromosomal STRs in the Kerey tribe from
the Kazakh population (N = 207).
(XLSX)

S3 Table. Allele frequencies and Forensic parameters values for 21 single-locus Y-STRs in
the Kerey tribe from the Kazakh population (N = 207).
(XLSX)

$4 Table. Allelic combination frequencies and Forensic parameters values for DYS385a/b
in the Kerey tribe from the Kazakh population (N = 207).
(XLSX)

S5 Table. Allelic micro-variants detected in the Kerey tribe from the Kazakh population.
(XLSX)

S6 Table. Pairwise genetic distance (RST) between Geographical Kazakh populations and
Kazakh clans on 17 Y-STRs.
(XLSX)

Acknowledgments

We gratefully acknowledge all sample donors who participated in this study. Thanks Janarbyek
Akhbi and Anatoliy Lyovin for their help on field work.

Author Contributions

Conceptualization: Maxat Zhabagin.

Data curation: Zhanargul Dyussenova, Baglan Aidarov, Akynkali Darmenov.

Formal analysis: Maxat Zhabagin.

Funding acquisition: Maxat Zhabagin, Uli Schamiloglu, Zhaxylyk Sabitov.

Investigation: Alizhan Bukayev, Altyn Zhuraliyeva, Assel Tashkarayeva, Aigul Zhunussova.
Methodology: Maxat Zhabagin, Ainur Akilzhanova.

Project administration: Baglan Aidarov.

Resources: Akynkali Darmenov, Ainur Akilzhanova, Uli Schamiloglu.

Software: Ainur Akilzhanova.

PLOS ONE | https://doi.org/10.1371/journal.pone.0309080 September 4, 2024 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309080.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309080.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309080.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309080.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309080.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309080.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309080.s007
https://doi.org/10.1371/journal.pone.0309080

PLOS ONE

Y-Chromosomal insights into the paternal genealogy of the Kerey tribe

Supervision: Maxat Zhabagin.

Visualization: Maxat Zhabagin.

Writing - original draft: Maxat Zhabagin, Zhaxylyk Sabitov.

Writing - review & editing: Baglan Aidarov, Uli Schamiloglu.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.
18.
19.

20.

21.

22,

Jobling MA, Tyler-Smith C. Human Y-chromosome variation in the genome-sequencing era. Nature
reviews Genetics. 2017; 18(8):485-97. https://doi.org/10.1038/nrg.2017.36 PMID: 28555659

Calafell F, Larmuseau MHD. The Y chromosome as the most popular marker in genetic genealogy ben-
efits interdisciplinary research. Human genetics. 2017; 136(5):559-73. https://doi.org/10.1007/s00439-
016-1740-0 PMID: 27817057

Wen SQ, Yao HB, Du PX, Wei LH, Tong XZ, Wang LX, et al. Molecular genealogy of Tusi Lu’s family
reveals their paternal relationship with Jochi, Genghis Khan’s eldest son. Journal of human genetics.
2019; 64(8):815—-20. https://doi.org/10.1038/s10038-019-0618-0 PMID: 31164702

Gomez R, Vilar MG, Meraz-Rios MA, Véliz D, Zufiga G, Hernandez-Tobias EA, et al. Y chromosome
diversity in Aztlan descendants and its implications for the history of Central Mexico. iScience. 2021; 24
(5):102487. https://doi.org/10.1016/}.isci.2021.102487 PMID: 34036249

Larmuseau MHD, van den Berg P, Claerhout S, Calafell F, Boattini A, Gruyters L, et al. A Historical-
Genetic Reconstruction of Human Extra-Pair Paternity. Current biology: CB. 2019; 29(23):4102-7.e7.

Tynyshpaev M. History, Ethnography and Archeology of the Kazakh People. Pavlodar: EKO; 2006.

Esenova S. Soviet Nationality, Identity, and Ethnicity in Central Asia: Historic Narratives and Kazakh
Ethnic Identity. Journal of Muslim Minority Affairs. 2002; 22(1):11-38.

Zhabagin M, Balanovsky , Sabitov Z, Temirgaliyev A, Agdzhoyan A, Koshel S, et al. Reconstructing the
genetic structure of the Kazakh from clan distribution data. Vavilov Journal of Genetics and Breeding.
2018; 22:895-904.

Khussainova E, Kisselev |, Iksan O, Bekmanov B, Skvortsova L, Garshin A, et al. Genetic Relationship
Among the Kazakh People Based on Y-STR Markers Reveals Evidence of Genetic Variation Among
Tribes and Zhuz. Frontiers in genetics. 2021; 12:801295. https://doi.org/10.3389/fgene.2021.801295
PMID: 35069700

Rashid a-D. Collection of Histories. Moscow-Leningrad: Publishing House of the Academy of Sciences
of the USSR; 1952.

Massanov NE. Nomadic civilization of Kazakhs: the basics migratory habits of life of society. Almaty:
Nurbolat Masanov Fund; 2011.

Rakishev R. Placement of the main clans of the Kazakhs by region and their approximate number.
Reports of the National Academy of Sciences of the Republic of Kazakhstan. 2015; 3:193-8.

2020 Population and Housing Census of Mongolia: National Report. Ulanbaatar: National Statistics
Office of Mongolia; 2020.

Rakisheva B. Some aspects of the ethnicity of the Kazakhs of China Central Asia and the Caucasus.
2015; 18:128-45.

Vostrov VV, Mukanov MS. Tribal composition and settlement of the Kazakhs (late XIX—early XX centu-
ries). Alma-Ata: Publishing house "Science" of the Kazakh SSR; 1968.

Bregel Y. An Historical Atlas of Central Asia. Handbuch der Orientalistik, Section Eight: Central Asia.
Leiden & Boston: Brill Academic Pub; 2003.

Beysenbayuly Z. Kazakh shezhire. Almaty: Atamura; 1994.
Sadibekov Z. Kazakh Shezhiresi. Tashkent1994.

Mukanov M. Ethnic composition and settlement of the Kazakhs of the Middle Zhuz. Moscow: Nauka;
1974.

Amanzholov S. Questions of dialectology and history of the Kazakh language. Alma-Ata: Kazakh State
Educational and Pedagogical Publishing House; 1959.

Shakarim K. Genealogy of the Turks, Kyrgyz, Kazakhs and Khan dynasties (Translation by B. Kairbe-
kov). Alma-Ata: Zhazushy; 1990.

Petrov V. The rebellious “heart” of Asia: Xinjiang, a brief history of popular movements and memories.
Moscow: Kraft+; 2003.

PLOS ONE | https://doi.org/10.1371/journal.pone.0309080 September 4, 2024 15/17


https://doi.org/10.1038/nrg.2017.36
http://www.ncbi.nlm.nih.gov/pubmed/28555659
https://doi.org/10.1007/s00439-016-1740-0
https://doi.org/10.1007/s00439-016-1740-0
http://www.ncbi.nlm.nih.gov/pubmed/27817057
https://doi.org/10.1038/s10038-019-0618-0
http://www.ncbi.nlm.nih.gov/pubmed/31164702
https://doi.org/10.1016/j.isci.2021.102487
http://www.ncbi.nlm.nih.gov/pubmed/34036249
https://doi.org/10.3389/fgene.2021.801295
http://www.ncbi.nlm.nih.gov/pubmed/35069700
https://doi.org/10.1371/journal.pone.0309080

PLOS ONE

Y-Chromosomal insights into the paternal genealogy of the Kerey tribe

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Zhabagin M, Balanovska E, Sabitov Z, Kuznetsova M, Agdzhoyan A, Balaganskaya O, et al. The Con-
nection of the Genetic, Cultural and Geographic Landscapes of Transoxiana. Scientific reports. 2017; 7
(1):3085. https://doi.org/10.1038/s41598-017-03176-z PMID: 28596519

Ballantyne KN, Goedbloed M, Fang R, Schaap O, Lao O, Wollstein A, et al. Mutability of Y-chromosomal
microsatellites: rates, characteristics, molecular bases, and forensic implications. American journal of
human genetics. 2010; 87(3):341-53. https://doi.org/10.1016/j.ajhg.2010.08.006 PMID: 20817138

Sahakyan H, Margaryan A, Saag L, Karmin M, Flores R, Haber M, et al. Origin and diffusion of human 'Y
chromosome haplogroup J1-M267. Scientific reports. 2021; 11(1):6659. https://doi.org/10.1038/
s41598-021-85883-2 PMID: 33758277

Zhabagin M, Wei LH, Sabitov Z, Ma PC, Sun J, Dyussenova Z, et al. Ancient Components and Recent
Expansion in the Eurasian Heartland: Insights into the Revised Phylogeny of Y-Chromosomes from
Central Asia. Genes. 2022; 13(10). https://doi.org/10.3390/genes 13101776 PMID: 36292661

Abilev S, Malyarchuk B, Derenko M, Wozniak M, Grzybowski T, Zakharov |. The Y-chromosome C3*
star-cluster attributed to Genghis Khan’s descendants is present at high frequency in the Kerey clan
from Kazakhstan. Human biology. 2012; 84(1):79-89. https://doi.org/10.3378/027.084.0106 PMID:
22452430

Wen SQ, Sun C, Song DL, Huang YZ, Tong XZ, Meng HL, et al. Y-chromosome evidence confirmed
the Kerei-Abakh origin of Aksay Kazakhs. Journal of human genetics. 2020; 65(9):797—-803. https://doi.
0rg/10.1038/s10038-020-0759-1 PMID: 32313196

Wang B, Liang J, Allen E, Chang X, Jiang Z, Yu Y, et al. Y chromosome evidence confirms northeast
Asian origin of Xinjiang Kazakhs and genetic influence from 18th century expansion of Kerey clan. Fron-
tiers in Ecology and Evolution. 2023;11.

Ashirbekov Y, Nogay A, Abaildayev A, Zhunussova A, Sabitov Z, Zhabagin M. Genetic polymorphism
of 27 Y-STR loci in Kazakh populations from Eastern Kazakhstan. Annals of human biology. 2023; 50
(1):48-51. https://doi.org/10.1080/03014460.2023.2170465 PMID: 36650935

Gouy A, Zieger M. STRAF-A convenient online tool for STR data evaluation in forensic genetics. Foren-
sic science international Genetics. 2017; 30:148-51. https://doi.org/10.1016/j.fsigen.2017.07.007
PMID: 28743032

Chukhryaeva M, Ivanov IO, Frolova SA, Koshel SM, Utevska OM, Skhalyakho RA, et al. [The haplo-
match program for comparing Y-chromosome STR-haplotypes and its application to the analysis of the
origin of Don Cossacks]. Genetika. 2016; 52(5):595-604. PMID: 29368486

Zhabagin M, Sarkytbayeva A, Tazhigulova |, Yerezhepov D, Li S, Akilzhanov R, et al. Development of
the Kazakhstan Y-chromosome haplotype reference database: analysis of 27 Y-STR in Kazakh popula-
tion. International journal of legal medicine. 2019; 133(4):1029-32. https://doi.org/10.1007/s00414-018-
1859-8 PMID: 29796706

Ashirbekov Y, Abaildayev A, Neupokoyeva A, Sabitov Z, Zhabagin M. Genetic polymorphism of 27 Y-
STR loci in Kazakh populations from Northern Kazakhstan. Annals of human biology. 2022; 49(1):87-9.
https://doi.org/10.1080/03014460.2022.2039292 PMID: 35132894

Ashirbekov Y, Sabitov Z, Aidarov B, Abaildayev A, Junissova Z, Cherusheva A, et al. Genetic Polymor-
phism of 27 Y-STR Loci in the Western Kazakh Tribes from Kazakhstan and Karakalpakstan, Uzbeki-
stan. Genes. 2022; 13(10). https://doi.org/10.3390/genes13101826 PMID: 36292713

Ashirbekov Y, Seidualy M, Abaildayev A, Maxutova A, Zhunussova A, Akilzhanova A, et al. Genetic
polymorphism of Y-chromosome in Kazakh populations from Southern Kazakhstan. BMC genomics.
2023; 24(1):649. https://doi.org/10.1186/s12864-023-09753-z PMID: 37891458

Balanovsky O, Zhabagin M, Agdzhoyan A, Chukhryaeva M, Zaporozhchenko V, Utevska O, et al. Deep
phylogenetic analysis of haplogroup G1 provides estimates of SNP and STR mutation rates on the
human Y-chromosome and reveals migrations of Iranic speakers. PloS one. 2015; 10(4):e0122968.
https://doi.org/10.1371/journal.pone.0122968 PMID: 25849548

Zhabagin M, Sabitov Z, Tarlykov P, Tazhigulova I, Junissova Z, Yerezhepov D, et al. The medieval
Mongolian roots of Y-chromosomal lineages from South Kazakhstan. BMC genetics. 2020; 21(Suppl
1):87. https://doi.org/10.1186/s12863-020-00897-5 PMID: 33092538

Zhabagin M, Sabitov Z, Tazhigulova I, Alborova I, Agdzhoyan A, Wei LH, et al. Medieval Super-Grand-
father founder of Western Kazakh Clans from Haplogroup C2a1a2-M48. Journal of human genetics.
2021; 66(7):707—16. https://doi.org/10.1038/s10038-021-00901-5 PMID: 33510364

Bandelt HJ, Forster P, Sykes BC, Richards MB. Mitochondrial portraits of human populations using
median networks. Genetics. 1995; 141(2):743-53. https://doi.org/10.1093/genetics/141.2.743 PMID:
8647407

Davis C, Sager M, Runfeldt G, Greenspan E, Bormans A, Greenspan B, et al. Big Y-700 White Paper:
Powering discovery in the field of paternal ancestry 2019. Available from: https://blog.familytreedna.
com/wp-content/uploads/2019/03/big-y-700-white-paper_compressed.pdf.

PLOS ONE | https://doi.org/10.1371/journal.pone.0309080 September 4, 2024 16/17


https://doi.org/10.1038/s41598-017-03176-z
http://www.ncbi.nlm.nih.gov/pubmed/28596519
https://doi.org/10.1016/j.ajhg.2010.08.006
http://www.ncbi.nlm.nih.gov/pubmed/20817138
https://doi.org/10.1038/s41598-021-85883-2
https://doi.org/10.1038/s41598-021-85883-2
http://www.ncbi.nlm.nih.gov/pubmed/33758277
https://doi.org/10.3390/genes13101776
http://www.ncbi.nlm.nih.gov/pubmed/36292661
https://doi.org/10.3378/027.084.0106
http://www.ncbi.nlm.nih.gov/pubmed/22452430
https://doi.org/10.1038/s10038-020-0759-1
https://doi.org/10.1038/s10038-020-0759-1
http://www.ncbi.nlm.nih.gov/pubmed/32313196
https://doi.org/10.1080/03014460.2023.2170465
http://www.ncbi.nlm.nih.gov/pubmed/36650935
https://doi.org/10.1016/j.fsigen.2017.07.007
http://www.ncbi.nlm.nih.gov/pubmed/28743032
http://www.ncbi.nlm.nih.gov/pubmed/29368486
https://doi.org/10.1007/s00414-018-1859-8
https://doi.org/10.1007/s00414-018-1859-8
http://www.ncbi.nlm.nih.gov/pubmed/29796706
https://doi.org/10.1080/03014460.2022.2039292
http://www.ncbi.nlm.nih.gov/pubmed/35132894
https://doi.org/10.3390/genes13101826
http://www.ncbi.nlm.nih.gov/pubmed/36292713
https://doi.org/10.1186/s12864-023-09753-z
http://www.ncbi.nlm.nih.gov/pubmed/37891458
https://doi.org/10.1371/journal.pone.0122968
http://www.ncbi.nlm.nih.gov/pubmed/25849548
https://doi.org/10.1186/s12863-020-00897-5
http://www.ncbi.nlm.nih.gov/pubmed/33092538
https://doi.org/10.1038/s10038-021-00901-5
http://www.ncbi.nlm.nih.gov/pubmed/33510364
https://doi.org/10.1093/genetics/141.2.743
http://www.ncbi.nlm.nih.gov/pubmed/8647407
https://blog.familytreedna.com/wp-content/uploads/2019/03/big-y-700-white-paper_compressed.pdf
https://blog.familytreedna.com/wp-content/uploads/2019/03/big-y-700-white-paper_compressed.pdf
https://doi.org/10.1371/journal.pone.0309080

PLOS ONE Y-Chromosomal insights into the paternal genealogy of the Kerey tribe

42. Zerjal T, Xue Y, Bertorelle G, Wells RS, Bao W, Zhu S, et al. The genetic legacy of the Mongols. Ameri-
can journal of human genetics. 2003; 72(3):717-21. https://doi.org/10.1086/367774 PMID: 12592608

43. WeilH, Yan S, LuY, Wen SQ, Huang YZ, Wang LX, et al. Whole-sequence analysis indicates that the
Y chromosome C2*-Star Cluster traces back to ordinary Mongols, rather than Genghis Khan. European
journal of human genetics: EJHG. 2018; 26(2):230-7.

44. Aristov NA. Ethnogenesis and ethnic history of the Kazakh people. Paviodar2005.

PLOS ONE | https://doi.org/10.1371/journal.pone.0309080 September 4, 2024 17/17


https://doi.org/10.1086/367774
http://www.ncbi.nlm.nih.gov/pubmed/12592608
https://doi.org/10.1371/journal.pone.0309080

